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Voilà!

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, C2H

−
2 ; right

triangles, C−
2 ; pentagons, C2H

−
3 ; left triangles, m/q = -16 !!!; circles, C−; up triangles, CH− and,

down triangles, CH−
2 .
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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.

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

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

... like Ne:

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

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−

It has a m/q = -16: like O−

Oxygen forms a very stable and well known anion.

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

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

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

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

4 The chamber had been carefully (to a fault) de-gasified.

5 The plasma-chamber was made of quartz, therefore, must be easy to clean.

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

7 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 O2 is injected into the ion source.

O−
2 + e− −→ (O−

2 )
∗ + e− −→ O− +O+ e− (1)
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Unlikely O−

Has anyone seen CH−
4 ??

NO!
... wait a minute

G. Hinojosa (NIBS 2026) NIBS 2026 September 22, 2026 8 / 26



Unlikely O−

Has anyone seen CH−
4 ??

NO!

... wait a minute

G. Hinojosa (NIBS 2026) NIBS 2026 September 22, 2026 8 / 26



Unlikely O−

Has anyone seen CH−
4 ??

NO!
... wait a minute

G. Hinojosa (NIBS 2026) NIBS 2026 September 22, 2026 8 / 26



Dissociative capture in Townsend experiments

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:

CH4 + e− → [CH4]
t− →

[CH]t−4 −→ CH−
2 +H2

Zeitschrift für Naturforschung A,

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

Temporary negative ion reso-
nances of CH−

4 . The existence
of (at least) ephemeral negative
methane → confirmed.

Botz and Glick, Chem. Phys. Lett.,

Vol. 33, 279, 1975
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Detected (CH4)
−
n=1?

J. Vac. Sci. Technol. A, Vol. 14, 1996
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m/q = -16, and no-oxygen!

”...five minutes later we added a con-
stant flow rate of 2 sccm CH4 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−
4 ?

Can theory predict it?
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CH4 ground state

∄ in the ground state

Demonstrated that the negative
ion does not exist in its ground
state: 2A1.
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Can theory predict it?

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

We measured electron detachment cross
sections as an advanced laboratory
course at UNAM −→

No differences between two mea-
surement methods were measur-
able.

No effect from the time of flight.

Very large size (rp = 3.15 Å).

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

Plasma Sources Sci. Technol. 23 (2014)

015018
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The geometrical model applied to CH−
4 on N2 and O2

Scaled CED cross sections by the geomet-
rical factor for N2 target: projectiles are:
present data with CH−

4 , solid circles. From
Sant’Anna et al, squares, F−; closed dia-
monds Cl−; up triangles Br−.

Scaled CED cross sections by the geomet-
rical factor for O2 target: Projectiles are:
present data with CH−

4 , open circles. From
Lichtenberg et al squares, F−; closed dia-
monds Cl−; up triangles Br−.
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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.

G. Hinojosa (NIBS 2026) NIBS 2026 September 22, 2026 18 / 26



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...

Sodium has 11 e−. Note: 2p63s And incredible long-lived metastable
states way above the ionization limit.
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CH−
4 energy as a function of time

Energy evolution of the excited quartet state of CH−
4 at 300 K. The deep about 8 ps indicates the

appearance of the CH−
2 :H2 exciplex. Metastability with respect to the separate CH−

2 (S = 3/2) +
H2 (S = 0) fragments was found.
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CH−
4 energy as a function of time

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−
2 and H2

roughly appear. The peak at 180 cm−1

is unique to CH−
4 .
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The model on negative methane.

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

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

Very large size: as predicted.

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)!
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CH−
4 energy as a function of time

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:

1 CH4 captures an e− in a excited state that evolves to an linear exciplex
(excited complex): CH−

2 :H2

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

3 Therefore, CH−
4 ∃ and is very stable.

4 This a new fundamental peace of knowledge of an important molecule.
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In conclusion:

1 Negative ions are opportunity for advancing fundamental knowledge.

2 There are many questions in terms of practical applications.

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

4 ... and is not O−!!!
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