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Ion source output of negative ion species measured with the Faraday cup as a function of pressure.
The data correspond to 100% of methane gas in the source: Black squares, H™ ; stars, CoHJ ; right

triangles, C, ; pentagons, CoHj ; left triangles, m/q = -16 !!l; circles, C™; up triangles, CH™ and,

down triangles, CH, .
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Negative methane would be important.

It would:
@ help improve models of plasma, specially carbohydrate plasma.
@ help identify other species in the ISM.

e methane is a powerful green house gas, we would learn something else
about it.

e may help understand more on how they form...
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Why negative methane should not exist:

... like Ne:

o It is the iso-electronic molecular analogous to neon. Hence, it must have
similar characteristics.

o It has a close-shell electron configuration, like Ne. Therefore it should not
admit any extra e”, not even in an excited state: like Ne.

... like O~
e It has a m/q = -16: like O~
o Oxygen forms a very stable and well known anion.

e Oxygen is present (forcibly) in ALL vacuum systems because is an
(inevitable) contaminant.

Therefore, any appearance of m/q = -16 should or must be O~.
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The Negative Methane Hypothesis

© 00

The gas injected into the chamber was high purity. Therefore, the pollutant
should be observed, at most, on a trace-scale.

The observed signal was large: inconsistent with a contaminant in the
chamber.

The signal did not wane as a function of time: as expected for a contami-
nant.

The chamber had been carefully (to a fault) de-gasified.
The plasma-chamber was made of quartz, therefore, must be easy to clean.

The m/q = —16 signal was directly correlated to the injection of methane
in the ion source.

The m/q = —16 (relative) intensity showed dependence on the plasma
chamber pressure, indicating a native species of the plasma, rather than an
impurity.
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The Negative Methane Hypothesis

Absence of the auto-detachment signal below 1 keV. This signal is
characteristic when Os is injected into the ion source.

Oy +e7 — (03)" "+ — O +0+e” (1)
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Unlikely O™

Has anyone seen CH, 77
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Unlikely O™

Has anyone seen CH, 77
NO!
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Unlikely O™

Has anyone seen CH, 77
NO!

. wait a minute
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Dissociative capture in Townsend experiments

Uber die Entstehung von negativen lonen aus einigen
Kohlenwasserstoffen und Alkoholen durch Elektronenstof

Von L. v. Teesxa and H. Nevznr

Aus dem 1. 1n-.mn fir Experimentalphysik, Hamburg
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Negative Tonen kinnen durch Ebektronenstoll aui
awel Arten gebildet werden:
1. Durch einen Elek inf; 1]

wahncheinlich »=1,5eV;

31 oV, EA(C) = 2,9 6V; E4(CH) 2 28eV;
igr Reaktionen lwswen wich draten mit

meters. Die hier verwendete MeBanardnung ist schon
von Kuaus ¢ beschrichen wordea. Die meisten Un-
fersuck sind bisher an Moleki

mit Dissoziation
XY+e=X+Y,
2. durch die Bildung eines lonenpaares
XY+e=+X'+Y +e.
Beide Progesse sind shon vielfach untersucht und
diskuaticrt worden, so daB hier auf vorhandene zu.
sammsenfassende Literatur verwiesen werden kann,
2. B. % Salche Untersuchungen sind auch von prak-
tischer Bedeutung, da sie Aufschlul geben diber die
Existenz stabiler negativer Tonen und in giinstigen
Fiillen iiber die Elektronenaffinitit (E4). Die Mes-
sungen sobcher Vorgange erfolgen in vielen Fillen
unter Verwendung eines geeigneten Massenspekiro-
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einfachen Kohlenwasserstoffen und Alkoholen st
dicrten Mivros und Rupoces !, Resonanzeinfang-
prozesse sind von Swrm ® sowie von Riexss und Mit
arheitern untersacht worden 7. Hier soll iiber Ergeb.
nisse von Untersuchungen an niederen Paraffinen
und Olefinen, einfachen Alkoholen sowie Acetylen
und Benzol berichtet werden. In erster Linie warden
die Resonanseinfangprozesse untersucht; dabei war.
den Intensititen und Appearance-Potentiale (4P),
2 TL unter Verwendung der RPD-Methode nach
Fax® bestimmt. Zur Orienticrung wurden auch die
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In cold plasma:

Ever since

Trepka and Neurt, other au-
thors often report the presence
of negative ions in methane
plasma. They attribute then to
the process of dissociative at-

tachment:

CHy+e — [CH4]t7

[CH])” — CH; + Ho

Zeitschrift  fir
18a(12): 1295-1303, 1963
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m/q = -16, and no-oxygen!

Volume 33, mumber 1

CHEMICAL PHYSICS LETTERS

1 June 1975

METHANE TEMPORARY NEGATIVE ION RESONANCES

F.K.BOTZ and R.E. GLICK

Bepartment of Chenisiry, The Floride Stare Unterstty, Teilahassee. Florida 32306, USA

Reseived 17 Sanuary 1875
Revised manuscript received 24 February 1975

Methane temporary negative fon resonances, of the Feshbach or closd ciyanno} tp

s buer obeecved at 6 53,

.37 070 8,15 €V and assigned to Jahn—Teller distocted states designatod 28 By~ b~ nd "By

1. Introduction

Electron speciroscopie studias of terporary nega
tive ion resonances which correizte with excited elec-
tromic states have been genarally limited to atomic ot
diatomic systems (for recent reviews sce tef. [1]). In
this report we wish to indieate the existance of excited
state negative ion resonances in methane which appear
to be of the bourd state or closed channcl type. These
results, extending the rangs of molecular complaxity
of systems exhibiting closed channel axcitad state
resonences, ete due probably to stabilized Sahn—Teller
distorted states expected for negative jons correlating
with spproprizte methane 2xcited states

2. Appasatus and ealibeation

The eleciron spectromater cansisted of 4 1
slectrostatic velocity selectar (design eriteria, se ref.
121}, 2 coliision chamber end a Faraday cup detector

housed in 3 vacuum chamber. The electron mono-
chromator, supplied by elestrans {rom a filament
powered by a regulated de source, consisted of en-
trance and exit slits and inner and outer grids held at

ages were read on a Dymee [ntegrating Voltmeter,
Model 2201. The current from the Faraday cup wos
fied ond converted to a voltage which was then
ed 25 2 function of electron snergy.

The as produced from
‘materials, Nuclide Corporation. and was protected
from stray magnetic felds by 4 mu metal shield pl
with its long axis perpendicular o the lectron mo-
tion within the selector and an externally mounted
pair of Helmholtz coils. A magrerameter, Hewlan
ard Model 428 BR with probe placed in an axial
direstion with respect to the mu v
tored the ficld and was used in the conjunction with
the Helmholtz cails for fleld control.

Sample gases wara intrediiced 1nto the collision
chamber, background pressure ca. 1078 torr, from 2
elags inlet system of sufficient capacity to ensuzca
constant pressu aber for the
duration of a t. The prassure of fha fm.
ple gases used in these studies were between 10-3
and 10-5 1or7 a5 caleulated wsing = total elastic cross
section method. The argon, nitrogen and methane
used in the experiments, obtsined from comme
somsces, were at least 95% pure and used withous fur-
ther purification.
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netal cyiinder, moni-

Temporary negative ion reso-
nances of CHy . The existence
of (at least) ephemeral negative
methane — confirmed.

Botz and Glick, Chem. Phys.
Vol. 33, 279, 1975

Lett.,
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Detected (CHy),,_;?

Anionic clusters in dusty hydrocarbon and silane plasmas

Ch. Hollenstein
Cartme de Rechercher n Piyzigue des Plarwas, Eeole Pobyteciigue Fédireia Lavzamne,
emse ds B 31, CE1007 Loncomne, Swrarond

W. Schwarzenbach
Eifeanszzische Materialprifing:- wnd Forcchng:

rait Untersoasza 11, CH-9001 St-Gallen, Switzeviand
A Howing, C. Courtelte, J. L. Dorier, and L Sansonnans

Canme do Recherch o Polytecmgue Fédireia Laizmne,

_vemse des Bai

(Received 4 October 1994; sccepted 11 December 1995)

T B 150 Lovsonns. Stearimd

Messwements of snions and cations are sported for hydsocabon nd silane radio frequency

capacitive glow discharges. Series of anions were observed by quadrupols mass specrometry using

‘power-modulated plasma:, and their

Variou: experiments in slme pluma: show that amien

‘comversely, anion detrapping can
der

dily in deposition plasmas radieals, and the general role
of anion: in partcle formation iz discuszed in the Light of these experiments © 1005 American
Tacum Socien

1 INTRODUCTION

Dusst sppess most readily in plszmuas of gas mixture: con-
taining electronegative radicals' and negative ions we alio
retained by e plasma shesths, which suggests hat slow
plasma.induced polymerization might proceed via an anionic
patiway ¢ The objective of this wark was to investigate
polymerized negative ions in variou: radio frequency (1f)

ion composi-
tion and spectal pattern iz different in each exze and 52 -
e

Tabad 1 tha hamed sbmeiure oF s imiis] o B,

OM/OFE modulsted st Kz frequencies with mn excitstion
Sequency of 10 1o 30 Miiz capacitively coupled to the 1f
elecwode wia 3 7 matching network. The specific plasma
parameters are ziven in each fizure caption

83 GHz single-pass microwave interferometry (overall
sesponse time < 3 p2) md 3 1 GHz diginal storage ozeillo-

rezolved mesurement: of the fres

spatilly a\ui:ed over the electiode

ek were cpa.
rately employed." both equipped for neutral analysis, ion x
traction, mazs and smergy messurements: The Hiden mmalyt
cal limited plasana monstor type HAL-EQP 500 messuwed
negative ions wp fo the Lmut of 512 amu when mounted

J. Vac. Sci. Technol. A, Vol. 14, 1996
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FI16. 4. Comparison of positive and negative ion mass specitra (raw data in
counts/s) measured in methane and acetylene plasmas for low mass resolu-
tion of the Hiden spectrometer. Plasma parameters: 0.1 mbar. electrode tem-
perature 350 K. Radio frequency excitation at 10 MHz with 550 V ampli-
tude at the electrode. ON/OFF modulation at 1 kHz wjth 30% duty cycle
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m/q = -16, and no-oxygen!

[erp——————E

Dust formation in Ar/CHy4 and Ar/C2H;
plasmas

J Winter, J Berndt, S-H Hong, E Kovaéevi¢, I Stefanovié and O Stepanovié
Instue For Experimental Physics I, Rube-University Bochum, Germany

E ool b

n final form 24 November 2008
Publshd 15 Jul) 000
Online 2t stacks iop.cop PSSTEU34010

Abstract
This paper discusses the prowth of nanopartiles in ¢ n,mm\u\ and inductively coupled
ndi-frqency and the ‘panicles ca
the erties. The for

s 00
umu: on the role of atomic nmm a0d on the dynamic ¢ mxuny and decharging of
partcles in pulsed plasmas.

(Some figares in his article ase in colour oaly ia the electronc version)

1. Introduction

Since Langmuir and his co-workers discovered the existence
of small solid particles (dust) in glow discharges 1), the
formation of particulates. in plasmas has been a well-knoan
pheacmenon. Particle formation has been observed in several
plasma processes such a5 elching, sputiering or thin film
tive gases.
circs, for example, dust particles ae considerd 1o be a
main sowrce of conlaminalion. They are regarded in these
s 2l purtles 25 they can cause severe defects in
the final product 12]. 1n other cases, rmuw the controlled

srowth of particles is required. for examgle. for applications

in caulysis ad phamacy and for the hhnuuml of nano-

crystaline materials. In the later case nanoparticles are
growing film in oeder 1o improve

propedies.
Besides silane, imporant in PECVD for solar colls,

¥ Eperimental et up: 1 CCD camers. 6320 op

hydrocarbon molecales are frequently weed 25 resctive pre- By ot e up o wical

Bl 3 s specyommenss, 4 He Ne buee (632 o) 5 prossane
" dicce

cursors for | ith .
anclications. A orominent examole is diamond-like carbon

NIBS 2026

’...five minutes later we added a con-
stant flow rate of 2 sccm CHy to the re-
action chamber resulting in an increase
in the mass spectrometer signal at mass
16 and mass 26...” . As these par-
ticles can survive in the discharge for
more than 5 min (up to 20 min in one
experiment) they have to be charged
negatively...”

Winter et al., Plasma Sources Sci. Technol. 18

(2009) 034010.
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Has anyone seen CH, 7

Can theory predict it?
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CH4 ground state

Computational Chemistry, 2014, 2, 31-41 933 Scientific
0 inSee. %5 Resaard
it/ 10.4236/cc2014.22005

On the Accuracy of the Complete Basis ﬂ in the ground state

Set Extrapolation for Anionic Systems: .
A Case Study of the Electron Affinity Demonstrated that the negative

of Methane ion does not exist in its ground
Alejandro Ramirez-Solis' state: 2 Al .

Laboratoire de Physico-Chimie des Nano-Objets, INSA-Université de Toulouse. 135, Av. de Rangueil, Toulouse,
£:31075, France
emal:

Recelved 2 March 2014; revised 7 April 2014; accepted 15 April 2014

Copyright © 2014 by author and Scientific Research Publishing Inc.
This work i licensed under the Creative Commons Attribution International License (CC BY).
4,

Abstract

Recent experimental evidence suggests again the existence of the metastable methane anion in
plasma swarms. In order to test the reliability of the complete basis set (CBS) extrapolation scheme
with augmented - . we stud; of
the electron affinity of methane with benchmark ab initio calculations with aug-cc basis sets up to
aug-co-pV6Z + diffuse. Geometry d vibrational analysis the MP2 level.
The electron affinity (EA) was calculated at the MP2 and CCSD(T) levels with and without frozen
core and including the extrapolations to the CBS limit. Using the aug-cc-pVnZ basis sets it is found
that two non-decreasing CCSD(T) CBS limits exist for the EA (0.29 and 0.53 eV) obtained with the n
=3,4,5and n = 4,5, 6 series, respectively. A new scheme is proposed which can be generalized for
very accurate quantum chemical description of molecular anions: the standard aug-cc-p¥nZ basis
sets can be supplemented with extra-diffuse orbitals using a simple even-tempered scheme. This
yields a reliable CBS extrapolation method to develop a (discrete approximation of a) continuum
anionic state near ionization, viz, one that closely matches the energy of the corresponding neu-
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Can theory predict it?

Not so far, ups!
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First report on negative methane.

10P Publshing Piaama Sources Scenco snd Tochnokogy
Plasma Sources Sa. Technol 23 2014) 015018 709) 30110.1088/0663.02527231015018

We measured electron detachment cross . _
sections as an advanced laborator Electron detachment cross sections of CH,

Y colliding with O, and N, below 10 keV
course at UNAM — energies

o No differences between two mea- E M Herndndez', L Hernandez', C Martinez-Flores', N Truiillo’,

M Salazar’, A Chavez® and G Hinojosa'

sal 483,

surement methods were measur-
able.

@ No effect from the time of flight.
o Very large size (r, = 3.15 A).

juadalajara, México
cnida Universidad 1001,

o Either is something very different
or we are (completely) wrong!

Keywords: methan detachment, lifetime

(Some figures may only in the online journal)

1. Introduction

Plasma Sources Sci. Technol. 23 (2014)
015018
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The geometrical model applied to CH; on N2 and O

1 T ———rTrTT . T ——Trrry .
- Wi, N R 3
[ A ] am e 1
L J 4 0° g
L ° ] J
L] o
o L . [ ]
i . o
+ + o
‘_A. ‘_n.
FOE e FOE o .
5 F . ] © o ]
L o ]
L LY o 1
| .‘ o0 1
oo
A 1 N 1 NP | NN |
0.1 1 0.1 1
v(a. u.) v(a. u.)

Scaled CED cross sections by the geomet- Scaled CED cross sections by the geomet-
rical factor for N2 target: projectiles are: rical factor for Oy target: Projectiles are:
present data with CH, , solid circles. From present data with CH} , open circles. From
Sant’Anna et al, squares, F~; closed dia- Lichtenberg et al squares, F~; closed dia-
monds Cl™; up triangles Br™. monds Cl™; up triangles Br™.
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What if...

Are we not seeing something we have in front of our noses?
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What if...

Are we not seeing something we have in front of our noses?

~ coffee enters the scene ~
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What if...

Are we not seeing something we have in front of our noses?

~ coffee enters the scene ~

What if negative methane happens to be isoelectronic to Na and not to Ne?
Jacques Vigué.
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Sodium has very long lived metastable states...

2p°19F
Dara InF i 2p°19g
Lines Levels sl (o, Bibloamsly Help s
NIST Atomic Spectra Database Levels Data
2p°200
Na | 430 Levels Found
Z =11, Na isoelectronic sequence
2p%20F
2p°20g

Data on Landé factors are not available for this ion in ASD
Nall (2p°'s,)

Some
2p°38
y levels of the 2 Jsul
20°CP°)3s3p(°P?)
20°CP°)3s3p(°P?)
20%3s % ', ©.000000800
2n%3n 2l k3 2.102267177 ©6.600000005

Sodium has 11 e~. Note: 2p®3s

NIBS 2026

[5.10138254]

[5.10138725]

[5.10195472]
[5.10195755]

[5.10501280]
[5.10501280]

[5.10505805]

[5.10506202]

5.13907696

30.7692

30.9327

32.7002

33.0525
33.0956
33.1388
33.1752

0.00000025

0.00000025

0.00000025

0.00000025

0.00000025

0.00000025

0.00000025

0.00000025

©0.00000025

0.0006

0.0015

0.0005

0.0005
0.0005
0.0005

0.0005

And incredible long-lived metastable
states way above the ionization limit.
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CHj energy as a function of time

T T ’ T T
—
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Energy evolution of the excited quartet state of CH; at 300 K. The deep about 8 ps indicates the

appearance of the CH; :Hy exciplex. Metastability with respect to the separate CH; (S = 3/2) +
H> (S = 0) fragments was found.

NIBS 2026 September 22, 2026 20 /26



CHj energy as a function of time

Vibrational energy (eV)
0.0 0.1 0.2 03 04 05 06

20 T T T T v T T T T T

o
T

Infrared spectrum obtained from the
Fourier transform of the velocity au-
tocorrelation function after thermaliza-
tion was achieved (10 ps) at 300 K.

Features of independent CH, and Ha2
-1

roughly appear. The peak at 180 cm
is unique to CH, .

Intensity (Arbitrary units)
>
T

o
T

1 1 1 1 1
1000 2000 3000 4000 5000

Vibrational energy (cm™)
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The model on negative methane.

e No differences between two mea-
surement methods were measur-
able: because J only one state.

o No effect from the time of flight:
because is very stable.

@ Very large size: as predicted.

o And everything was consistent with
the experiment on cross sections.

Phys. Rev. Lett., 124, 056001 (2020)
and the pandemic hits (lockdown starts
in march 2021)!

NIBS 2026

PHYSICAL REVIEW LETTERS 124, 056001 (2020)

Solving the CH; Riddle: The Fundamental Role of Spin
to Explain Metastable Anionic Methane

Alejandro Ramirez-Solis,"" Jacaues Vigus

illermo Hinojosa®,

* and Humberto Saint-Martin®®

¥Centr de Icatgacian en Ciencis-ICRA, Uniersidad Ausinoma del Estdo de Morelor,
Cuemavaca, Morelos 62209, Mezico
*Laboratoire Collisions Agrégats et Réactivité-IRSAMC, Université Paul Sabatier and CNRS UMR 5559,
118, Route de Narbonne, 31062 Toulouse Cedex, France
lnstiuto de Ciencias Fisicas, Universidad Nacional Autdmoma de Mésico, Cuemavaca, Morelos 62210, Mexico

®) (Received 26 June 2019; accepted 4 October 2019; published 5 February 2020)

Several types of experiments showed the exisience of negative methanc ions CHy over a period of
50 years but the nature of this elusive species remains unknown. A benchmark study has shown that the

experimentally observed species cannot be deseribed by the artachment of an electron in the doublet

tground

state of CHy. Here we find CH7 as being a metastable species in its lowest quartet spin state, a CH :H,

exciplex with three open shells lying ca. 10 ¢V sbove the methanc.

round state but slightly below

small molecular anions with implications in a plethora of basic and applied research fields.

DOI: 10.1103/PhysRevLet. 124056001

The CH; puzde.
gaslike configuration so that electron capture by this very
stable molecule is considered impossible. Nonetheless,
ethane has consistently been

er five decades [1-10]
i species stll remains
unknown. Therefore, the elucidation of the origin and
nic methane would be an important finding
jons on several ields,like our current under-
wdrocarbon plasma,

—Methane has ten electrons in a noble

and quantum chemistry models. M
carbon anions are called upon to explain
tions in plasma and to interpret spectroscopic observations.
Based on awilable theoretical models and emission
spectroscopic.experiments, molecular anions have been
detected in plasma atmospheric environments such as in a
comet’s coma, Titan’s ionosphere, or in the interstellar

September 22, 2026

simpler explanation for the presence of metastable molecu-
lar anions
Another field where the confirmation of this anion would

be an important discovery is quantum chemistry. Dipole-
bound anion formation is the most accepted mechanism to
explain the capture of an exta clectron by neutrl mole-

mechanism for the formation of simple molecular anions.
We report here a new quantum mechanical mechanism
capable of explaining the observed methane anionic

spe

‘The first observations of electron attachment in methane
were reported by Trepka and Neurt [1] and by Sharp and
Dowell [2], who used a beam technique and found that
dissociative electron attachment in CH, took place over
e 212 e with H- and

22 /26



CHj energy as a function of time

STAGE 1 STAGE 2 STABLE STAGE

The extra electron is captured in a excited state with a tetrahedral geometry (Td) of the methane
molecule. This state is temporal (stage 1) and instantly evolves into an intermediate configuration
(stage 2). The configuration continues to evolve reaching a final state (stable stage) after 8 ps,
unfolding into a exciplex with linear geometry.
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In conclusion:

@ CH,y captures an e~ in a excited state that evolves to an linear exciplex
(excited complex): CH; :Hy

@ It is very stable - analogue - to Na* six-times fold above its ionization
energy.

@ Therefore, CH; 3 and is very stable.

@ This a new fundamental peace of knowledge of an important molecule.

5. Hinojosa (NIB NIBS 2026 September 22, 2026 24 /26



In conclusion:

@ Negative ions are opportunity for advancing fundamental knowledge.
@ There are many questions in terms of practical applications.

@ In the XXI century, nobody expected to find an unknown spectrometric
species at m/q = -16.
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In conclusion:

@ Negative ions are opportunity for advancing fundamental knowledge.

@ There are many questions in terms of practical applications.

@ In the XXI century, nobody expected to find an unknown spectrometric
species at m/q = -16.

Q ... and is not O~ !N
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