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ON THE METASTABLE DISSOCIATION OF THE CH+ ION PRODUCED BY ELECTRON IMPACT
Amos S. Newton and A. F. Sciamanna
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University of California

Berkeley, California 9LT20

September 1972

ABSTRACT

The ﬁetaétabie:dissociation of CH' and CD+»ions have been investigated.
ci'(m) from CH) , CéHz, C2Hl;, CHVCl3, CH,C1, and CD+(m)vv from CD,, -02D2, C,D), and
CDF3_weré studied. CH'(n) and cD*(n) dissociate with"q‘half }ife of
0.4 £ 0.2 x 10-6 sec and with kinetic energy release in the dissociation of
1.1 + 0.3 and 1.4 * 0.3 respectively. Using 70 eV electrons, CD'(m) and CH (m)
are formed witﬁ initial kinetic energy, the value being dependent on the
compound irradiated. Appearance potential measufemenfs show that when formed
froﬁ C,H, and C,D,, the'CH+(ﬁ) and CD+(m) mﬁst dissociate to the lowest
dissociation limit of CH+,_i.e., ¢t (?Pg/z) and H (zs). It is postulated that
the metastability arises froﬁ a predissociation of the‘b'32- state with the

repulsive ¢ 35* state or cu',



INTRODUCTION

The e#isténcé of metastable states of CH; ioné has'beeﬁ the subject of
several studies. Most such studies have concentrated on methane as the source
gaé. Dibeler and.Bosenstock observed ﬁb metastable ions in the mass fegion
12-16 from CH& but observed metastable ions from CDh.l Melton and Rosenstock2
observed only collision-induced dissociation products in the ﬁasé region below
mass 12, Otfingér3 ﬁnd Hills, Vestal and Futrellh restudied the metastable
ions from CHh and CDh and observed several metastable ion'peaks in the mass
range 12-16, fhevmass region below 12 was not studied. iorquet, Lorquet,
Momi gny and Wankehne5 recently observed the metasfable dissociation of the CH+
ion from 02H2 and'HCHO and of the CD+ ion from C2D2° Ina folléwing‘theoretical
paper, Lorquet, Lorguet, Momigny, Wankenne and Lefebvre--Brion6 discussed the.
calculated potential energy curves in the'CH+ system and possible states of
CH+ which might.account for the metastable dissociation. ' They concluded the
unimoleéular metastable process tb arise from fhe'predissociation.of the 52'
state by the ¢ 32+ (é weak précess) and the prédiésociaﬁidn‘of the 3A.state by
32‘, 3ﬂ or Sn repulsive states. The AP of the ﬁetastablé iog ﬁas reported to be
29 £ 1 eV for the weak process and 32.5 +* 0.7 eV for the strohg process.

‘The results presented hére confirm the existenée.of metastable CH+ ions
but are consistent with a simpler interpretation than that>previously given.,

7,8,9,10

In view of the importance of CH+ ions ih astrophysics and the possible
rcle of these ions as intermediateé in the rédiatioﬁ chemistry of érganic gaseous
systems, it is important that the statevof states responsible be identified ahd
the energetics of the process bé determined as exactly as pcésible. Inésmuch

+ ‘
as the forbidden states of CH have not been related to the ground state except

theoretically,6 the energetics of the metastable ion should define one point



ape

on the potential>energy~curves of the states involved which-Will'either'confirm

or lead to a readjustment of thé energy scale 6f the calculated gurvés.-




EXPERTMENTAL

The experiments described here were performed with a Consolidatéd
Electrodynamics Corp. Model 21-103B mass spectroﬁeter{ Modifiéations»to
increase the vaéuum capabilities of the instrument, to increase the sensitivity
of the recording system, to make negative repeller studies of initial kinetic
energy, to measure metastable suppressor_cutoff potentials; and to record
ionization-efficiency curves directly on an X-Y recorder have already been
described.ll’12’13 |

The methane used was obtained from Pacific Oxygen Company and waé
> 99.993% pure. Acet&lene was welding grade and purified by standard éfyogenié
vacuum technidués. No impurities were detéct&ble in the purified prodﬁéfo The

CDh’ c.D CzDh’ and CDF, were prdduéts of.Merck, Sharp and Dohme. The chloroform

272? 3

and dichloromethane used were reasgent grade.

g
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RESULTS

len.théf@ass'region helow'masshIQ; the calculated apparent masses at
whichfproduCtSuof various.dissociations in CH;,and.CD;‘will appear are.shown‘.
“in Table I. In thisrtable the form in which multiple loss.of_H_atoms_appearfinzi
processes 4, 5 and 6 are not shown., Processes h% 5 and 6fcan'be-unimolecular‘
only ify in each process, the parent ion is accelerated and 8- metastable |
dissoc1atlon relea51ng one fragment is followed by one or more fast dissoc1ations.
relea31ng the other fragments. | |

The variation of peak sens1t1v1ty w1th pressure of peaks at (M/q) ll oTT -

from various compounds containing the CH group and of (M/q) lO 286 in various
CD containing:compoundsﬂwas studiedo_ ThevSénsitivityfof each of these respective
_peaks.(peak intensity/préssure): while“increasing slouly with.pressure indicating
some collision—induced contribution, extrapolates to- a well defined non—zero -
1ntercept at zero pressure showing each’ to be the result of a unimolecular.

dissoc1at10n.' The peak from CHh shows the largest collision-induced contribution,

vand this is true even when the contribution of the (M/q) = 11. 267 peak is

o removed by ‘the metastable suppressor set’with a retarding potential equal to

7

vo,9oo VA,(cutoff A

11.077 peak.ls passed (cutoff = 0.923 VA).

0. 866 Vis where v, is the ion accelerating voltage) at which

level the (M/q)*
The variation of peak sensitivity with pressure'of'some.other-peaks in

deuterated compounds were also studied, ‘using the peaks 1n the mass spectrum

of CZD6 as an.examplef' In this group of peaks,v(M/q) lO 286 &t moderate

: pressures is formedbalmost entirely by a'unimolecular“dissoc1at10n process.

:(M/q)* = 9,000 (process 2) shows a definite positive zero;pressure intercept

of sensitivity, indicating'a unimolecular component, hut‘at»moderate,pressures.

g Co - , * , .
the peak observed is nearly half collision-induced. (M/q) = 10.889 (process 3)

e
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shows a probable non-zero intercept but the low intensity makes a definite
conclusion on the real existence of a unimolecular process opén td’question.

* . , : .
(M/q) = 8.000 (diffuse peak only, process U4) extrapolates to zero at zero

preésure and, at fhis’sensitivity level, the results show no indication of a
uhimolecular'component in the dissociation,

It is concluded that CD' and CH' dissociate by unimoleculéf processes
into C° + D ahd Cf + H respectively. CD2+ probably dissociates by a unimolecular
process into C+ + D, and CD3'+ possibly dissociates by a unimoleculariprocéés
into CD+ + D2. The unimolecular component of each of ﬁhése last two dissociation
processes was foﬁnd to be of too low intensity to investigate further. |

The kinetic energy release in the metastable fragmentation of'CH+(mf

and CD'(m) was studied by the change in peak width with change in ibh'aéééié}éfing
voltageclk ihe equation relating T; ﬁhe kinetic energy release in the ﬁétéé£§gie

dissociation, to Ad, the change in pesk width in emu when the ion accelerating

voltage, VA’ is changed from Vl to V2 for the transition M; > MI + M2, is given by:
| | [ v\ [ V. eV | | R
- 2 0 1 1% : |
T = (Ad) — | \i s . (1)
16M 2 (/eVl - /eVQ)- : ‘ SERRE

In those cases where.the neutral fragment is the H_atog,-this light fragment
carfies most of the energy hence thehchanée in peak widﬁh»is a less sensiﬁive .
function of T than is the case in those metastable fragmgntgtions where the
mass'difference'between M1 and M2 is less pronounced, The dérived(value of

T is therefore less precise for fragmentations in which.an H;étqm ié the neptrgl
product. jSubstitution of deuterium improves the accuracy to which T can be |

determined, The kinetic energy release on fragmentation of a metastable ion



can also'be measured‘by-the width'of'the'metastable:subpressorvcutoff:curvey'
of the metastable peak,lh and this method was'also used:for some.of:the compounds

with results simllar to those found by the change in peak width w1th 1on
acceleratingvvoltageej The results of measurements on the metastable dlssociatlon
of_CH+ and CD+-as'formedifrom.varlous sources are shovnuin_Table'II.:.These'

. results'indicate the_kinetic energy'release in the metastable.dissociation
ofrCH+ to beyindependent’ofythe molecularbsource‘of'the;ion,"but»that'the‘ ‘
deuterated ion may”dissociate'with slightly greater kinetic-energy release
than does the protonated 1on.x Values of T = l‘l 0 3 eV for the dlssoclatlon .
of cH (m) end T = - 1.4 + 0,3 eV for the d15$001at10n of (o) (m) were observed.‘t

‘It is not certain the'difference in these values is real}s1nce the probable.v
errors Overlan.and nossible systematic errors may occur:inithe case of CH+'where.
the proxlmity of M/q 12 cankinfluence'thelresultsé. })f | |

In the fast fragmentation processes necessary to form the metastable )[

7 state of CH from varlous compounds, ‘the CH (m) can be formed in the ion -
source w1th 1n1t1al klnetic energy° This 1n1t1al k1net1c energy may be zero'
at the appearance potentlal of CH (m) but with the equipment used 1n these
experiments, 1n1t1al klnetic energy measurements cannot be made at or near the

AP, Measurements can be made at ioni21ng electron energles of 70 eV by the

negative repeller cutoff method. 3v In the case of CH (m) which has & short half
life, the negative repeller cutoff will be influenced by the increased residence

time in the ion source chamber as the negatlve potentlal ‘on the repellers 1s E
increased. The cutoff value obtained will therefore be & minimum value for the
maximum initial kinetic energy. ‘In those cases such as'CHh and CHF3, where

, : B | ‘.
multiple fast fragmentations must occur in the'formation of CH.(m) the shape

of the curve near the cutoff _point may be 1nfluenced by the dlstributlon of
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velocities inveach of the sucéessivé fragmentationvsteps.v_Negative'repeller
cutoff curves of CD+(m) from CD, CéDz’ andeDF3 are shc..wn'in‘Fiig.l-.l° For

compariéon, the negative repeller cutoff curve of 3He+ is shown. It is clear
that ¢D*(m) from éli sources has initiel kinetic enérgy'whén formed'by impact

with 70 V electrons, and that in the case of CDF._, this initial kinetic energy

39
is substantial. Initial kinetic energies of CH+(m) and CD+(m) derived from
Curves.of,thié type are éhown in Table III. The table sﬁﬁws a difference in
initial kinetic energy between CH+(m) from C,H, and CD+(m) from.CzDe. This
difference is well outside the experimental error.

The initial kinetic energy with which CH+(m) ér CD+(m) is formed in the
ion source affeéts the first slit discrimination in the collection efficiency 1
of these ions and hence will have an effect on voitége discrimination curves;
This effect must be.considered in utilizing this method of determining half
lives of the metastable ions; The.initiai kinetic energy also affects the
apparent shape_of thebmetastéble ion peak. This is illustratéd in Fig. 2 in
which the shapeé'df,the 10}286 peak in vafious CD containing compounds.is
shown. There are almbsf no differences in shgpé of thé'réspective peaks from
CD,, C,Dys and C,D, from which the initial kinetic energy of cp¥(m) is in the

range 0.6 to 0.8 eV. But the peak from CDF,, where the cp¥(m) initial kinetic

3
energy is 3.2 eV, has a markedly different shape and much of the structure,
i;ec, the front shouldef, center peak, and back shoulder are less pronounced

in the peak from CDF. compared to the peaks from the other compounds. The peak

3

is also skewed to the high mass side so the apparent center of the peak is at
* ‘ .

an (M/q) slightly greater than 10.286. The peak shapes shown in Fig. 2 were

recorded at an ion accelerating voltage of 2000 V. They exhibit less structure
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‘then those shovnlih:RefQ 5 vhich:vere recorded-at.an;lonvaccelerating3voltage '
of 600 V. At lowfion-acceleratingIVOltages,'we‘obtain'peah.shapes'which are:-
quite similar to t{hose ’sﬁoﬁn"‘in -Réf. s T-.Such low vvoltafg..e's'wer‘e .avol'ded in

the present. work owing to severe dlscrlmlnatlon problems w1th low energy 1ons. '

Methods of estlmatlng half lives for the dlssoclation of metastable 1ons15

using a Dempsterf type mass spectrometer are: 1) varlatlon of the 1ntensity

16, o 17

of the metastable peak w1th change in repeller potentlal, and 2) varlatlon‘

of the 1nten31ty of the metastable peak w1th-change in 1onracclerating voltage .
18

wlth the repeller potential a constant fractlon of V VEach'of'these méthods

A’
suffers from the short time 1nterval over whlch the data can be evaluatedo,i.
When the metastable 1ons are formed with 1n1t1al k1net1c energy, correctlons
are necessary because of dlscrimlnatlon at the ion source exit sllt. Berry 9.,
- ‘has dlscussed dlscrlmlnatlon caused by in1t1al k1net1c energy and correctlons
| for dlscrlmlnatlonrat the ion source exlt sllt can‘be,made if the initial k1net1cu
energy is known;f. | | | ‘ |

A second factor to bercons1dered occurs when the ion beamw1dth at thev;-f

'collector slit” 1s w1der than the collector slltw1dth If.the'beamw1dth-var1es

- w1th the parameter changed to adJust the tlme scale, then a correctlon must be

made for thls factor since the peak helght does not represent a. constant
fraction of the ‘total beam 1ntensity. | o |

In Flg° 3 the dlscrlminatlon curves are shown for the change 1n peak ,?
_ 1nten31ty vs° ‘ion accelerating voltage for (M/q) 11'077‘from CHh-and
(M/q) = 10. 286 from CDh ‘The lines are calculated for the half lives shown -
for each d1ssoc1at10n. The observed p01nts (clrcles) 1nd1cate a half life of ;
about 0. l usec for these transitlons. 4When correctlons are made for the

beamwidth being w1der than the slltwidth (square p01nts) a half life of about
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0.17 uséc is indicated. Since the slitwidth is less than a third of the beam-

width even at VA

multiplying the maximum peak height by the halfwidth in emu, All curves are

= 3500 V, the integrated peak intensity was approximated by

normalized for the intensity at VA = 3500 V equal to 100. A further correction-

+ +
for initial kinetic energies of the CH (m) and CD (m) respectively raise the

~apparent half lives to > 0.5 and < 0.8 usec (triangles).

In Fig. h_ﬁhe data for’(M/q)* = 11.077 from C,H, is plotted. The
observed discrimination curve indicates a half life of less than 0,1 usec
(circles)., Correction for beamwidth increases this to about 0.15 usec (squares)
and the further correction for initial kinetic energy of CH+(m) leads to a
half life of > 0.5 and < 0.8 usec (triangles). Considering the differences
in initial kihetic energy of the metasteble ions from CHh’ CDh and 02H2 shownv
in Table III, this agreement is satisfactory.

It is difficult to prqperly evaluate this data,since the distributibn
of initial kinetic energies of cH' (m) or CD'(m) in each case is not known, The
calculations were made assuming all ions of each respective type.to possess the
maximum initiél kinetiélehergy showﬁ in Table III, This assumption is almost
certainly incorrect and the correction for initial kinetic energy should
probably be less than indicated in Figs. 3 and 4, A half life of 0.4 # 0,2 usec
certainly encompasses the possible errors in the correction terms and represents
the best estimate of the half life derivable from the present data.

Using the method of variation of the repeller potential, Ldrquet; Lorqueﬁ,
Momigny, and Wankenne5 found a half life of 0.1 psec for this meiastable dis-
sociation. This value agrees with the apparent half_life indicated by the
uncorrected data observed in the present work. Owing to the necésSity'of cor-

X s e . . + ‘ Lo
recting for initial kinetic energy of the CH (m) and the change in peakwidth
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vith repeller.variation; the reported‘vaiuevof O.i ﬁseé'must bedtoo low, tIn:v
this case the“use of'stabie CH+.ions.as a compar{SOn standard,does not negate
the necessity:for corrections for initialvkinetic energy;';ItIWQuld'he'most_-t:
_ improbable thathCH+(m)fand‘stabie cut would each he,formed with thexsame?

dlstrlbutlon of 1n1t1al k1net1c energles°

Ionizatlon efflclency curves for the appearance of the (M/q) ’310.286

peak in CD containing compounds and of (M/q) =vll.077 peak in CH containing‘

compounds were determined'using the appearance of the He*'ion‘as a standard

w1th CH compounds and 3He or 22Ne as the standard w1th compounds contalnlng

CD. When using 2Ne with CDh’ the CD peak was separated from the 22Ne peak

5

when using a 0. 5 mm collector slltwidth An example of these curves 1s shown in

4

Fig. 5 (solid curve A) where the 1on1zatlon eff1c1ency curves of CD (m) from"
CéD2 and is shown. Thls curve was taken at an 1nlet pressure of_lBO‘um and
indicates the AP othD+(m) to be very close to 26 eV FBecause of the importance
‘of the AP of the unimolecular process for establlshlng the dlssoclatlon limlt .
to which the. metastable 1on dlssoclates, an attempt has been made to determlne
the 1onlzation-eff1c1ency curve at zero pressure; ,In Flg. 6 are shown the

v variation of peak sen51t1v1ty w1th pressure as a functlon of 1on1z1ng voltage
for (M/q) = 10. 286 from C D The voltage scale was establlshed at each C D2

272°

. + . .
pressure by measurement of the initial break in the 2?Ne ionization-efflclency

curve., A small shift in voltage scale with pressure waS'observed and the scalée

was corrected for this shift. At each corrected ionizing voltage, the pressure~

sensitivity curve was extrapolated to zero pressure. The zZero

pressure points_are plotted as curve B of Fig. 5. At the ‘same tlme the 150 (1O

_pressure points have been superimposed in curve A, Because the p01nts and curve A

~ were taken with different (though equivalent) ampllflers,'curve.B and the p01nts
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on curve A were hormalized at 34 eV. The égreement is quite satisfactory and
both curves indicate the AP to.be 26.0 + 0,5 eV. The probable error encompasses
the range of experimental values we have observed as well as possible systematic
errors. |

These results, depending as they dd near the AP on the extrapéiation of
data of low intensity, must be considered.in that frame of reference. Certainly
from Fig. 6, it is clear that at 26.0 eV the responSe»atvhigh pressures is
entirely due to a collision-induced dissociation. At 28 eV the results clearly
show a positive zero-pressure intercept. From these two results the AP is
certainly less than 28 eV and equal to or greater than 26 eV, The results at
27 eV indicate a positive zero-pressure intercept, Eut the value of the
intercept is somewhat uncertain.

Wider range ionization-efficiency curves for the formation of CH+ and
CD+ from various sources all exhibit a slow rise for the first few volts above
the AP, followed by a faster rise to a maximum about 20 eV above the AP. The

curves then graduallx'decrease as the ionizing voltage is increased.
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DISCUSSION
In Table IV are shown the calculated d1ssoc1at10n limits to yleld C + H
'fromiCHh, 02H2 and c Hh and thelr deuterated analogues. The-limlts are those .

. leading to the lowest energy of dlssoc1at10n, [C ( ) + H. ( s) wrth all

1/2
products in their lowest electronlc and . v1brat10nal levels and no 1n1t1al
klnetic energy release 1n-their formation,atvthe appearance potentialn This
last assuﬁption ia:difficult to werify forvnetastable'specieSQ:'If it ia
‘assumed that the kinetic energy releaee in the metastable:fragmentation.of'
cH' or ¥ is .independe'nt of the energy of the impacting -electron,' this energy
must be added to the calculated dissociation limit to:obtain the calculated AP
to be expected_as’shown in column 5 of Table'IV.} These calCulated'appearance"
potentials may Se conpared.to.the observed’valnes'given'in-colﬁmn'6 For CHﬁ,:
and CDh;'the'oalculated'and obserwedealuesvdiffer by-about 5 eV. From 02H2
and c.D, however, tne'calCUlated and observed values agree_quite well and 1t_1s
clear that fron these“compounds; the metastable'diseociation proceeda to the .
‘lowestfdissociation limit, If the dlssoclatlon were to proceed to the C (%P)V
‘ llmlt the calculated AP from 02H2 and C D would be 31 2 and 31.5. eV respectlvely.
As shown in Flg. 5, the metastable ion 1nten51ty has already reached a
respectable level at this energy.

In the case of C Dh the AP of the metastable peak is agaln too low for
the CD (m) dlssoc1at10n-to be to the ¢ ( P) limit.- The energy deflclt to this |
limit is approximately 2.8 eV and this difference is well outside the'experimental
error of the determination. |

The ehapes of the metastable peaka arising froﬁ the dissociation of

+ + '
CH and CD were interpreted by Lorquet, Lorquet, Momigny, and Wankenne5 to be

the sum of two components., The central peak was ascribed to a dissociation

e
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in which little (N O.i eV) kinetic energy was released and the broad shoulders
to avdis50ciatioﬁ in which 2;0 + 0,5 eV of kinetid energy wes released, The
results reported here show values of 1.1 and 1.4 eV respectively for the
kinetic energy reiease in the dissociation of these ions. These values‘include
the’shoulders'iﬁ the measurement., Nq measurements were possible on the central
portion of the peaks, since this portion could not be isolated from-the shoulders.
It is probable that the shape of the observed peak is the result of a distri—
bution of kinetic energy release values possible in a diatomic ion which

21,22 The distribution will be determined by those

undergoes predissociation.
vibronic levels of the crossing states which participate in the predissociation.
Several experiments have shown that, with the equipment used in the experiments
descfibed in the present work, with a given compound as the source of CH+(m),
no discernable.difference (< 1 eV) was apparent in the AP of the metastable peak
measured at the center as compared ﬁo measuremehts made at either shoulder.
Neither did the halfwidth of the peak or the ratio of shoulder height to central
peakheight change appreciably as the ionizing electron enérgy waé lowered. The
limit of measurement of peak shape is several volts above the AP, so no firm
conclusion can be made concerning changes in peak shape'as the electron energy
approaches the Af more closely.

Even if the assumption is made that the_kinetic energy release in the |
metasteble dissociation of CH (m) or CD'(m) is zero at the AP, in the case
of 02H2 and C2D2,

than the lowest one. This conclusion is contrary to that of Lorquet, Lorguet,

the dissociation cannot be to any dissociation limit other

Momigny, Wankenne and Lefebvre-Brion6 who postulated two metastable states of
+ v
CH , one with an AP of 29 * 1 eV and the other with an AP of 32.5 * 0.7 eV,

These authors have also calculated potential energy curves for all predictéd




ST

states of CHf;: Their curves have been reproduced ianig. TLWith'the eddition‘
of an energy seele relatdhg the curres'to the grodhd stete‘of 02H2 © This

.scale was calcuiated on the-assumption'that the other preduct from C2H2 was CH in
the X'ZH 'greuﬁd state and v = O vibrational level and-rhat novkinetic energy
release occurred in the initial fragmentatlon ‘of C2 5 ;v “

In interpretlng the ex01tat10n functlon for the formatlon of CH (m)

from C H it is 1mportant to remember that electron 1mpact leads to the excitation

22

of 02H2 to a number of possible excited.states. It does not appear feesible'

*® . . .
to predict how (C ) mlght fragment when C H is excited by electrons of.

272
energy 26 eV or higher.- Certalnly various states'of CH+,and CH\ean result. ,The..
AP of CH+(m) can be related to a speeific excited state of CH' in Fig. T, only
for that process in bhlch CH (m) is formed together w1th CH in the grOund state
and no kinetic energy release occurs° One might reasonably expect this to be
a quite 1mprobable process and the AP curve of cut (m) to exhlblt an 1nd1st1nct
threshold and to rise slowly from that threshold. As fﬂrther degrees of freedom
are allowed in terms of klnetlc energy release 1n the fragmentatlon of (02H2+)*
or 1n»v1bratlonal or electronlc exc1tatlen 1n_the CH fragment, the cross seetrenv.
for forming CHf(m) shouid»increase° This‘behaviOr qf_thesexeitatien functien‘
is Jjust what is'obserred. One cannot, howerer; with thisrﬁany degrees of freedom
in the system and with no knowledge of the energy state of thevCH fragment, draw
any conclusions concerning the existence or non-existence of higher states of
cH' which might also be metastable.

The data presented here are consistent with a metsstable state ovaH+~
which dissociates to the lowest dissociation limit C (zpi/z) + H (zs) with the
release of about 1.i eV okainetie energy. From the calculated curves of

Lorquet 33_55.6 reproduced in Fig. 7, the b 35~ state‘of_CH+, which is crossed
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about 1.6 eV above the dissociation limit by the repulsive c 35 state, meets
all the qualificétions. The croSsing is forbidden by thg‘selection rule

. _ o . T
LI —/—> I and the crossing level is approximately correct for the kinetic

"energy release observed., The b 32' state can radiate by an allowed transition

to the a SN state. Two bands which have been ascribed to the I system

23,24

32- 5 3
have been reported by Carré, the 0-0 band at 349.9 nm and'thé 1-0 band

at 327.7 nm. In order for the ¢ 32_ state to be metastable, the predissociation
must compete ﬁith rediation to the a 3H state, and the 6bserved metastable half
life would be determined by the éombinatibn of thé‘partial half lives for
depoéulation qf the ¢ 32_ state by each of these respective processes. Nob
measurements have been réporﬁed on the radiative lifetiﬁe of the bands observed
by Carre. 1In an atteﬁpt to decide. whether a radiative lifetime of the order éf
0.l usec is reasonable for an allowed I - Il transition of this energy, data on
all measured values of I + 1l and Il + I radiative lifetimes of diatomic molecules
in the recent compilation by Anderson25 were correléted.v‘It was éssumed that
the dipole matrix elements for these transitions all cancelled and the life- .
times reported by Anderson’ééuld be corrected only fof thevtransitioh ene;gy'u
(thé transitioﬁ prdbability is proportiqﬁal to v3). Allowed transitions of
the Z + II type wefe found in NO, CH, OH, and N2, ahdII + I transitions were

, + + + i
found in CO', NO', N, CN, NH, CH', and BH . All except the last two yielded -

half lives for radiation between 0.26 and 1.0 usec wheh_corrected to the énergy

+ +
"of the bands observed by Carre. The molecules CH and BH+ (each A lH »> X 12 )

gave corrected half lives of < 0.1 usec. Except for Not (A nsx s ) and for
which the energy correction is large, these are the only singlet-singlet
transitions in the list. All the others are doublet-doublet or triplet-triplet

transitions., On the basis of the above correlation it is not unreasonable to
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. expect the radiative lifetime of the CH+ (b 3g- +a 3H) transition to be within

the 0.4 * 0.2 usec limits observed for the metastable ion. dissociation. Both
3

processes would then compete for depopﬁlating thoée levels of the b

$” state
3% '

~which are predissdciated with the ¢ state.

L

~
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TABLE I. Dissociation Process of CHX Ions Leading to Apparent
Metastable Ion Peaks Below (M/q) = 12.

vt
—em

. | Process Type __(M/q)* CHy )t CD,
1) it »c” +H (m) 11;077 10.286
2) CHé+ >ch o+ H, _ (m) 10.286 9.000
3) cn%* > CH' + H, (m)? 11.267 vv 10.889
IR > ¢t o+ (31) (c) 9.600 8.000
5) o’ > cH + (30) (c) 10.563 9.800
6) cm* >c" + (bm) (c) 9.000 7.200

(m) = metastable ion plus collision~induced component observed.

(c) = dnly collision-induced dissociation obsefved.

C
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TABLE II. Kinetic Energy Reléase in the Mgtastable Fragmentau

L + 4 .
tion of CH (m) and CD (m) from Various Sources.,.

OF

. Ta) A v"f L. :'Ta)A .
| . R
Compound o st 4 | et st 4D
. N ! . , + ‘.
CHy 1.1 £ 0.3 |
'. i : ' ‘ ’ . . i O- _.
c D, , | 1 L +o.2
N +
C H), | © 1.1 % 0.2 |
' +
Chy | . | : . L1o3
CH), S - (v)
. \ | o . . o
CD), | o | | 1.4 £0.3
CRF, . 1.3%0.5
CHCl, 1.1 % 0.3
‘ : . +
CH,CL, | 1.1 ¢ 0.3

a) Probable errors include estimates of errors in measuring
widthvof peaks as well éé reproducibility with’variouéﬁ
voltagé differences. :

| b) Value not recorded owing to interference from (M/q)* =

11.267. g

"y
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TABLE III. Initial Kinetic Energy of CH (m) and CD (m) Formed by

70 eV Electron Impact with Various Source Molecules.

e
Initial KE (eV)
, + ' :

Source CH' (m) or D" (m) T (init.)
CH), | | 0.3 0.1 , - Indeterminate
cp,, ‘ 0.6 + 0.2 | Indeterminate
+. . » N

C,H, : 1.3 0.2 , 2.6 + 0.4

C,D, 0.7 * 0.2 | 1.4 + 0.k
CDF v 3.2 0.4 Indeterminate

iU



'TABLE IV. Energetics of Formation of the Metastable Ions CH' and CD from Various Sources.

Diss. Limit  Tev AP eV qu)

—ceT -

‘ eV.
a) b) + ‘ o '

Compound Products™ ' (Calc) 7 CH (m)-  (Calg) (Obs) Std.
cH, [c"+ml+m+mH, - 23.99 ALy 25 31,0 %1 “He'
co, . [c"+ D] +#D+D, 2399 1.0 254 0 30 %1 22pet
CH, (c” + H] + CH L 2k.T8 S la - 25.9 - 26.9+0.5 .  He

¢,D, [ct+Dl+cd 2478 - 1. 26.2  26.0 + 0.5 22yt

. : . _ , : +
3He
C,D, [C"+D] +D+ o, 26.74 B B 27.8 . 30.3 0.5 2Pne
a) Bracketed species appear as .the metasteblediOn . ; ‘ .
, _b)._Assuming C in the 2 1/2 ground state - For C in the hP flrst exclted state,add 5.33.eV.
'“e)';Thls is the k1net1c energy of fragmentatlon of the metastable ion. - Other- fragmentat;ons are. -
assumed to oceur with zero kinetic energy release at the AP. ' A
a)

A1l AP's from the initisal break compared to the initial break in the standard
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FIGURE CAPTIONS
. . *
Fig. 1. Negative repeller cutoff curves for the metastable peak at (M/q) = 10,286

in the mass'spectra of CDh’ C2D2, and CDF3. Conditions: Magnetic scan, -

VA = 3000 V, Ve = T0 V, Ie = 38 yA. Inlet pressure: CDh = 175 um,

= 120 pm, CDF, = 300 um. Zero intensities have been offset for clarity

oDy

of presentation.

3

Fig. 2. Peak shapes of (M/q)* = 10.286 peak from various sources of CD+(m);
Conditionsi 'yoliage écan, MVA = 20,570, Ve =70V, ie = 38 uA. inlet
pressures; '02 5 = 120 um, 2Dh = 200 ym, CDF3 = éOO um, CDh = 130 um,
Focus adjusted for maximum metastable peak.

Fig. 3. Ion accelérating voltage discrimination curves for the metastable peak
st (M/q)" = 11.077 from CH), and (M/Q)* = 10,286 from CD,,. Lines calculated
for the half lives shown for the transitions CH' + C' + H, solid lines, and
CD+ -> C+ +'D, dashed lines. Observed points: open circies CH&’ filled
circles CDh' Poihts corrected for peak width: open squares CHh’ filled
squares CDh.b‘P01nts further corrected for initial klnetlc energy open
trlangles CHh’ filled trlangles CDh

Fig. H; Ion acceleratlng voltage discrimination curves for the metastable
peak at (M/q) = 11.077 in the mass spectrum of C H 2 ‘Lines calculated
for the half lives shown. Observed points - circles; corrected for
metastable peék width - squares; corrected for peak width and-initial
kinetic energy of CH+(m) - triangles.

Fig. 5. Ionization efficiency curve of (M/q)* = 10.286 in the mass spectrum
of 02D2

Curve A - X-Y recording of ion intensity xg_eléctron energy at an inlet

pressure of 150 um., Points are from peak Sensitivity X§ pressure curves at

150 um inlet pressure from Fig. 6.
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curQG.E7_‘Zero pressure_dhtercepts of peekssensdtiyity‘pressure _
plots from Fig. 6. | | "
Fig. 6. Peak sen31tiv1ty vs pressure of M/q = 10, 286 in the mass spectrﬁm
of C2D2 at various 1on1z1ng electron voltages. Voltage standard 22Ne+;-'
Flg. 77 Potentlal energy curves of the CH ion as calculated by Lorquet |
Lorquet Momlgny, and Wankenne (Ref. 5) The energy scale on the rlght

is added and refers to energy above the c, H2 ground state w1th CH formed -

in v = 0 of the X I ground state and with no- initial klnetlc_energy release.

(W3
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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