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Negative lon Electron Photodetachment from a Near-Blackbody Photon Source
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We have observed the rapid loss of nitroxide ani#v~) in a Fourier transform ion cyclotron resonance

mass spectrometer (FT-ICR). The loss arises from two effects: a pressure-dependent component consistent
with collisional electron detachment frofhO~, and a pressure-independent loss that we attribute to direct
(bound-free) photodetachment induced by light emission from a heated filament inside the cell.

Introduction the (5 cm§ trapping plates. A continuous current of 2.6 A
lon loss in ion traps generally occurs via collisional mech- risltlztl\éelr){algﬁsttas tt:?hfgatgenti’nvvh'%T;tg?Idv\?;:nli‘;]geefﬁ:ﬂg\ﬁ
anisms, although recent experiments have shown that l:’I""Ckbc’d)yvoItage is pulsed ne ativepile%:tfons frorﬁ the heated filament
radiation and direct radiation from a filament can provide a are tgm orparil acce?eratea toward the adiacent trapping plate

competitive or dominant path for ion dissociatibii. Cross P y J ppINg p

sections for absorption within the spectrum of radiant emission Ztr;gc%nr;oerfth\(/avitﬁerllléu[t)rgdmugllzguIr(]aig?ll'tr;\;efilg)rﬁn\tniz tﬂgﬁ?;ﬁm’: d
indicate that the process of photochemical activation occurs to a positive potential for the rerﬁainder of the FT-ICR dut
primarily through vibrational excitation. We report here another P P y

mechanism for ion loss: direct electron photodetachment cycle. . L
induced by radiation from a heated filament mounted inside . n our apparatus, light from the glowing fllame_nt can be seen
the ion trap illuminating the cell. To demonstrate the contribution of this

Typically, electron photodetachment from negative ions under radiation t(.)SNO ion loss, the electronics were mOd'f'ed to

ion cyclotron resonance (ICR) experimental conditions requires alIOW the f||_am8ent current to be turned off _|mmed|ate_ly after

a bright light source such as an arc lamp or a |&&€rElectron lon ge_neranor?. The filament current remains off unt after

photodetachment can also be induced by infrared laser irradia-ggiic(;ﬁ[;' (\:IZ/Z?en itis turned on for several milliseconds prior to

tion, resulting in successive absorption of IR photons giving a - : . L .

“hot” ion whose internal energy is sufficient to produce electron *NO™ was formed_from react|or'1 of 4D with O, which was

detachment?=15 For most negative ions, the ambient flux of formed by electron impact on 49

photons from other sources, including the cell walls and the _ _

filament used in ion generation, is too small to be significant. N,O+e —O +NO

Very unstable ions such as NO however, can possess - 3| e

sigrﬁficant photodetachment cross sections at mLE)ch longer O +NO—"NO +NO @)

wavelengths. ) ) ) .
NO- has a triplet ground staté The electron affinity of NO SNO~ was then _|solated and monlto_red as a fun_ctlon of time

is extremely low, only 0.026 eV (0.60 kcal/mdp:18 The v = under both continuous and pulsed filament conditi®ns.

1 level of 3NO~ is unbound with respect to electron detach-

ment!® and collisional detachment from the ground state occurs Results
at ambient temperaturé%:24 The observed rate constant O~ loss as a function of
N>O pressure, obtained with a constant filament current of 2.6
;NO +M—NO+M+e (2) A, is shown in Figure 1. The rate constant consists of collisional

and noncollisional components,
While studying the reactivity ofNO~,2526 we observed a ~
rapid nonreactive decrease in O~ ion signal. The loss rate Kobs = KeoNn,0 1 Keo (3)
displayed both pressure-dependent (collisional) and pressure-

independent (noncollisional) effects. The collisional loss we \perek.s is the collisional detachment rate constant{sm),

observed is consistent with collisional detachment according . is the number density of the collider gas (moleculesdm
.. . 2

to eq 1. We suggest that noncollisional ion loss results from 4 knco is the noncollisional detachment rate constant)(s

thermal radiation from the heated filament used for ion 11 phest fit line to these data yields a slokg, of 4+ 1 x
generation. We show here that the filament provides sufficient 5-11 .3 51 and ay interceptkncp, of 7.4+ 1 s*’l. The value

flux to induce measurable optical (bound-free) electron detach- jpi-i1aq forkep agrees quantitatively with collisional detach-

ment from*NO". ment rate constants reported by Ferg@samd Viggianc30
With the pulsed filament modification, tH&lO~ loss rate at

1078 Torr was reduced from 8.5 to 5.5% a decrease of about
The ICR cell used in these experiméiithas a rhenium 35%. Within the uncertainty in our data, a single exponential

filament mounted just outsida 1 cmdiameter hole in one of  was sufficient to describe the time decay in #w0~ signal.
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Figure 1. Observed®NO™ loss rate vs DO pressure.

Discussion

The results in Figure 1 show a collisional and a noncollisional
effect. The noncollisional component was an order of magnitude
larger than the collisional component at #dorr. Such a rapid
noncollisionaPNO~ loss rate has not been reported previously.
The noncollisional ion loss in our experiments appears to be
caused by radiation from the heated filament.

Radiation-induced ion loss can proceed by direct photode-
tachment,

Ko

3NO™ +hv —=>NO + e (4a)

and vibrational detachment,

3NO™ (v=0) + hv S P’NO (v=1)] = NO + e  (4b)

The rate constant fotNO~ loss due to filament radiation,
Kilament (S™1), depends on the overlap of the filament emission
with cross sections foiNO~ photodetachmerit:

kﬁlamentz kpd + kvd (53-)
koa= [ T(2) 0,4(2) p(A) 0L (5b)
Ka= [o (4) 0,4(4) p(A) d (5¢)

p(4) di is the photon flux from the filament in the wavelength
range4 to A + di, opd(4) is the cross section for direct
photodetachmentg,4(4) is the cross section for vibrational
absorption, andf(1) is a dimensionless geometric overlap
factor3?

Filament Emission The nature of thermal radiation has been

extensively discussed in recent blackbody dissociation experi-

ments. Several studies have shéwrthat heating the ICR cell
walls produces sufficient blackbody radiation to photodissociate

trapped ions. Other photon sources recently incorporated inside,

the ICR vacuum system include a halogen l&fmhot wire34:35
and a heated filame#g€

As in these latter examples, the filament in our instrument
can be modeled as a graybody emi#fef! The spectral
emittance of the filament, the value pf1) di at the filament

surface, is given by
€2nc 1
24 { ghel(kT) _ J_} d1

p(A) di = (6)
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Figure 2. Overlay of filament emission (solid line) and calculated cross
section (dotted line) for direct photodetachmen€NO~. The (0-0)
vibrational transition is located near 0.16 eV (not shown). For
comparison, thermal Planck emission from the cell walls at 350 K is
also shown at 10 magnification (narrow line).

This equation differs from the ideal blackbody spectral emittance
by the emissivity, which has a value of about 0.5 for a rhenium
filament3®
To calculateo(4) d1, the temperaturé must be known. This
temperature can be estimated from the power dissipated by the
filament once it has reached steady state. With a continuous
current of 2.6 A and a measured voltage across the filament of
2.4V, the power dissipated by the filament is estimated to be
(2.6 A)(2.4 V)= 6.2 W. The filament temperature is related to
the total radiated power according to the Stef8oltzmann
equation
P \v4
T (OAE) (7)

whereo is the Stefar-Boltzmann constant andlis the surface
area of the filament~40 mn?).

From these values, we estimate the temperature of the
filament to be about 1820 R This temperature estimate agrees
well with that found by Rivero§ who obtained a value of 1900
K for a similar filament dissipating 6.24 W. The calculated
photon fluxp(4) dA at the filament surface is shown in Figure
2.39 For comparison, the blackbody emittance of the cell walls,
estimated to be at 350 #,is also shown.

The photon flux inside the ICR cell is related to the flux at
the filament surface by the geometric overlap fact@t). This
coefficient accounts for the fraction of filament photoemission
that passes into the cell and the wavelength-dependent reflec-
tivity of the cell walls. This factor would not be expected to
significantly diminish the flux estimated above, and this same
overlap factor contributes equally to both direct and vibrational
detachment.

Direct Photodetachment For a given photon flux at
wavelengthA, the probability of direct photodetachment is
determined by the photodetachment cross sectiga(l).
Relative cross sections fNO~ photodetachment have been
reported at some photon energies by Fdf€§.37—0.52 eV)
and Maricd® (0.14-0.19 eV). These wavelength regions are
small compared to the spectrum of filament photoemission
(Figure 2), and for purposes of this discussion, a more general
description of the cross section curve is desired.

The shape of the cross section curve can be estimated using
partially orthogonalized plane wave (POPW) thetyn this
model, the wave function of the detached electron is ap-
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proximated as a plane wave that has been orthogonalized toRiveros for helpful discussions concerning the pulsed filament
the highest occupied molecular orbital of the anion. As seen in modification and Michael Chabinyc for making it work.

Figure 2, the resulting calculated cross sections are similar in

magnitude to known absolute cross sections, falling in the range References and Notes
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Conclusion

We have observed collisional and significant noncollisional
ion loss ofSNO~ in an FT-ICR spectrometer. Collisional loss
is consistent with collisional detachment reported by other
investigators. Noncollisional ion loss is attributed to optical
processes induced by near-blackbody radiation from a heate
filament in the ICR cell, with direct photodetachment as the
dominant ion loss mechanism.
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