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fragmentation pattern of organic cqﬁpdﬁnds»(excéﬁt CH

’types. Specific studies of the energetiés.of formation of H
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THE OCCURRENCE OF THE H_@ ION IN THE MASS SPECTRA OF ORGANIC COMPOUNDS

3
Amoé S. Newton, A.'F; Sciémanna, and G. E. Thomas
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September 1970

ABSTRACT
: + . : o TP s
The H3 ion is shown to be a normal component of low yield in the
' +

). The pattern of Hy

2

is tabulated for the TO eV mass spectrum of each of 33 éompounds of various

+
3 from CHh’ C2H6

. + '
and CHBCl, and of D3+ from CDM were conducted. The H3 ion is shown to be derived

from two sources, a low initial kinetic energy component which arises from

fragmentation 6f‘the singly charged molecular ion and a high initial kinetic

energy'éomponent whose AP and kinetic energy release is consistent with frag-
mentation of the doubly charged molecular ion. Systematic variations,of H3
pattern factors with carbon number are shown for the n-~alkanes and l-alkenes

and wiﬁh halogen type’fof the series of methyl halides.



—o- - UCRL-19916 Rev.

I. INTRODUCTION

_ S , _ S + . v . _
No investigation of the occurrence of H3 ions in the mass spectra of

organic compounds‘has been made except for an early study by Smithl. In his

investigation. Smith showed that H, iomns occurred in the mass spectrum of

3

methane, the intensity of.the,H3 peek was linear with pressure, and the € |
: S ,

3

‘electron volts lower than the.AP efYH2+'from methane.

appearance poténﬁial, AP, of H,  was reported ﬁo be 25.3%1 eV, about two

Iﬁ the prééeht invéétigation the 6écurréﬁée of ﬁ3+ in'the mass speétrum
of methane has been feétﬁdiéd and the study extéhded t¢'¢thef oréanic compounds .
in the(présent iimitéd‘survej, ﬁd orgahic compouhd othéf thén acetylene failed
to exhibit a mass peak due to thé occu¥f§nce of H3+.
II. EXPERIMENTAL -

The preSénf work was dohe-with a thsolidéted Eleéfrodynamics Corp.
Model 21-103B mass sPectfometer; Mbaifications té incréase fhe séhsitivity 5f_
the recording s&Stem; the vacuum capébilitieé‘bf'the instrument, and.deifica_
tions to record'directly ionization efficiency cﬁrves on an X-Y recordervhave

been described pre_viouslyz’3

. In the present investigation. negative—fepeller
studies were performed by use_of batt¢ries in the modified repeller circuit.
Under these cbhditions‘peaks were scanned byAa motor drive of the magnet cur-
rent control, Repeller potentials were measured with a battery operatéd vacuum
tube voltmeter which was at the potéhtial of the ion source} Metastable
suppressor cutofflgufvés'wéré deﬁermined with é multiple decade poténtial
dividér, In'the first threé décadés;‘thé'fésisﬁors wéré trimméd.tovan'accuracy

of 0.01%. The fourth stage, a ten turn poténtiometer, had a linearity of
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O.l7.f_In‘all'work féﬁorted hére, éh'iéﬁiZiné:élécﬁron‘éurféht of 38 pA ﬁas used.
For AP determinafions, oWing-tO'fhé l0w'inten§ityvof thése peéké, e@ual”répeiler
poténtials of.“‘0.0l VA wérévuséd; ‘Undér'thésg coﬁditiohs secondary effécts in
the ion source,'e.g:, space charge effécts‘and chafgé.eiqﬁange'ffbm ions
produced at the anéde; ére not obéérVéd[ fhé eiectron'énergyvscale was corrected
by comparison with d,standard (ﬁsuallyhﬂé).intr§dﬁcéd inté_thé gds mixture so
the ihtensity of fhé'respectife ﬁéaks“éf'about,sb éV wefe‘appréiimateiy equal.
At high ﬁetastable suppressor voltages (near cutoff) the péaks'ﬁeccme'so narrow
the X-Y recording procedure céuld not be used owing to th¢ possibility of
drifting’off fhé péak'whilé’scénning the electfon energy scalé. The-ionizat;on
efficiency curves of'theée_peaks were détefminea oﬁ a poinf fo poinf basis,
séanhing'the peak magﬁetiéally at each predetermiﬁed eleéﬁroh energy.

The hydrocéfbons used ﬁere Pﬁiiiips Résearch Grade hydrOcarbons. The
alkyl halidesvwere ACS Reagenthféde chemicals. Thé‘methane”used was:>99.99%
pure ahd was obtained from Pacific Oxygen Co. The CD), ﬁas.obtained from the

Merck Sharp and Dohme Co. The i,

F used was synthesized and purified by gas

chromatography.

IIT. RESULTS AND DISCUSSION
In Fig. 1 is shown the linearity with inlet system pressure of H3 from
3 from C2H6'  The peaks due to.CHh an@ H2 f?om CHA are

. : ’ . +
also shown. All are linear with pressure, hence the formation of H3

to occur by a unimolecular process. As a further check on this point, the ratio

. + :
CHh’ D3, from CDh apd H
is assgged

of M/g = 5 to M/q = 6 in CD), (DQH*/D3+)'was:measuredvand fouhd_to be'0.0QOi0.00l,

This corresponds to an H atom'impurity of %.0.7% in the'CDh; An equimolal
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mixture of CH), and (D, showed the same ratio (0.020:0.001) of M/q = 5 to M/q = 6,

, o S . , L , .
confirming that-all three atoms in D_’ arise from one molecule of CDM' These

3
experiments confirm the earlier concluéion of Smithliih regard to the uni-
molecular character of H3 ‘production from methane.

In Table 1 are shown the yields of H3+

voltage of 70 V from a variety of.drganicvmolecules. The measurements were

ions at a nominal jonizing

il

made by scanniﬁg'M/q 2 at aﬁ ioh accelerating voltage,_VA; of 3000 V and

M/q = 3 at a voltage of 2000 volts. Since each of these ions is formed with
components ppsséséiné high inifidl kinetic energy (Vide,infra)'the intensity
ratio of H3+/Hé+'found fqr'éaéﬁ gdmpouﬁd dpplieg éﬁly to measurements made under
essentially idehtiéai.conditibns and should not ﬁé used on‘an'absblute basis.
They are.usefﬁi in indiqatihg-trénds and order of magﬁitudé expegﬁations of Hé+
yields. Since"ogr-bwn files of mass spectral data on thésé_compounds were

obtained under conditions iﬁ ﬁhich M/q = é waé'sCaﬁﬁed at 3000 v, thesé data

have been used to relate H3 to the total ion yield of these compounds. (1f

the A.P.I. Mass Spethal-DataLL are used for this purposég the Hé+ yields»will,
in general, be found to be lower than those used in the present calculations
owing to differences 'in ihstrumént»oper;tingvprocedures).

For the aata in Tabléil, éach of the compounds was studied at three

pressures, usually 25, 50, and 100 ym inlet pressure.‘ In all cases the peak ,i
' ¥ ' + +
3 to H

sensitivity of H and the intensity ratio of H3 o _wére,independeﬁt of

pressure.
. o N ' : ' + ' :
The only organic compound investigated in which no H3_ was found was .
+

02H2 (not listed ih‘Table-l) from which the formation of H3‘ by a unimolecular

process is impossible. The ratio of M/q = 3 to M/q = 2 found from 02H2 was
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One may also infer from these curves that H

kinetic euergy of H
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0.00030£0.00005." If all tﬁé‘m/qle 3155ak 1s-due to HD, this corresponds to &
deuterium content [D/(H + D)] of 0 015%. ‘This is'equal'to the natural abundance

: +
of deuterium from various sources within the experimental error5 No H3 was

~ observed in the mass spectrum of H © nor was any D observed in the mass

3

3 in the mass spectrum of NDB was about 30%

of the yield from en identicel pressure of CDh Because_of the low intens1ty,

spectrum of D 0 The yield of D

ND3 was not investigated further.
' The compounds CHh’ CDh’ C HS’ and CH301 were selected for more detailed

study since these compounds are relatively simple ‘and conslderable information
is available on the energetics of»theee‘compounds. Fig. 2 shows voltage
discrimination curves of Hé+ froﬁ‘cﬂhvandVCQHG and of D3 ‘frcm CD), . ihe eipreme
slope‘of'these curves is indicativevof ions»ﬁith high‘iuitial kinetic energy6.

3 from CHy has less initial kinetic

energy than does H3 from ¢ H6.- The slope.ef‘D3+.from CDniis'also less than
L o - o T : +
that of H3 from CHh indicating slightly less initial kinetic energy for D3 .
These curves are not sensitive functions efxthe'initialgkineticienergy, but

calculations of discrimination due to initial kinetic energy by the method of

Berry6 show that the H3+ from CHh'curve can be approximated with an initial

+ : +
equal to 0.5 €V, that of D3

from CDh'with an initial
* equal to about 0.35 eV, and that of H3 from 02H6 with an

3

kinetic energy of'D3

initial kinetic energy of between 5 and 6 ev.
Other methods of‘eveluating~initial kinetic energy ere:the deflection
6,7

8'
method . meesurement of satellite peaks at low ion acceleratlng Voltages "

peak cutoff curyes wnth an 1on—retarding plate at the ién collectorg, negative-

irepeller.cutoff cuives of the ion‘peaklO, and peak cutoff curves'measured by
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retarding the ions on one of the ion accelerating slits of the ion‘sourcell.
This last methoa is»the moét sensitive fdr(ions with low initial kinetic energy.
The equipment used'could ndt, hovwever, be adapted for application of this

method.

£

In the present investigation the methods used were; 1) the measurement
of satellite peaksfat low ion accelerating vQ1tage, 2) the'measurement of the
negative répeller cutoff; and 3) the method of retarding ions at the collector.

The measurement of satellite peaks was found to be of limited utility
because of low-infensity'at low ion accelérating voltages (see Fig. 2) and the
+
3

+ o . : _ . , ‘
D3 in the mass spectrum of CDh' Satelllte peaks were observed at M/q = 3 from

CEH6 and CHBCl, and these gave values of the initial kinetic energy of the

lack of resolution of any satellite peaks at H .in the mass spectrum of CHh or

respective'high KE»cdmponénts.éomparablé to.thé vaiués found by the other
methods.‘. | |

In thé'negative répéiler,cutbff method, the differéncé in thé repéllér
cutoff voltage of éﬁ ion fofmed'with tﬂé?mai inifiai.kinetic énergy distribution
and onelformgd‘ﬁith_higher initial kinetic eﬁergy is éguél to twice the initial
kinetic energy} This results frcm the location of the ionizing electron beam being
approximately m;dway between the repelleré and the ion-source exit{slit.
Because of this placement, the ioni#iné electron'energy is deterﬁined by the
potential_appliéd between the filament and thé ion.sourée plﬁs-apéroximately.
one-half the repe}ler potentiai. Oving to the unéertéinty in this factor, -the
negativé répéllér cﬁtoff’méthbd is not'reliablé at lQinQnizipg voltages-since "
the appliéd iénizing voltagé.must b§ corréctéd éaéh timé fhe repéllér potential

is changed.\.At higher ionizing voltages, where the lonization-efficilency curve
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is relatively flat, this uncéftainty is not a éritical factor invthe measurements.

In the’method'of rétarding ions at thelcolléctor; the métastable
suppressor was used as a réﬁarding gfia. Thé’maiimum potential appliéd to the
metastable suppréssdf must bévsuffiéiénf to rétard those iﬁns of highest initial
kinetic enérgy.x Since thé métas£ab1e suppréésof is an éinzel.lens system, it
has both a focussing action (the éﬁparéﬁt collector slitwidth narrows as the
potentiai 6n thé méﬁastablé'sﬁppréssor is increaséd) and a potential well of
depth such that'ihé poténtial actually appliéd to thé ions 1s a fadtof of 0.973
times thé poténtial appliéd to thé plates.. This factor was determinéd by Kandé19
for the métaStable suppressor in.the CEC instrument. and the measurements
reportedihére are in agreement with this factor.

if the maximum potential applied to the metastable suppréssor is
defined as l.OOOOZ'Vms'S and the.fracﬁion of thié potential required to completely
retard the'ions.is defined as fmsé,‘thénvfrom the'retarding‘curves éf an ion
formed with thermal initial kinetle energy and one formed with higher initial
kinetic energy, thé difference in initial kinetic energy of the two ions is

given by equation (1).

KE =0.973V _ (Af ) N , (1)

In this equatiop, Afmés is the difference‘betwéen the cutoff fraction of a high
initial-kiﬁétic'énergy ion‘and‘oné whoée initiai kineiic energy is thermal. In
measuring thesé cutoff curveé,.the ion‘gccelérating voltage, ﬁhe ionizing
voltage, fhe répéllér potential and the gas mixture weré all képt constant over.
the duration of both détérminatiOné.. Thévpéaks wéré’scannéd.by swéeping with

the magnetic field., The method is most sensitive at low ion accelerating voltages
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but for reasons of intensity, its use at iow,voltage is diffiéult.' The pfesent

experiments were made at VA»a QOOO.V'and'Vﬁss‘ﬁ 2097 V. Under these conditions

from C2H6 and.Cﬁ

3 3

conditions. In order to compare curves on the same basis, the peak intensities

both D" from CD, and H C1 could be studied under identical

at various_valué; Of.fmss wéré normalizéd.ﬁith réspéct to the péak inténsity at
0.960 vmss which ﬁas set:equal’to,lBO.' The.éccﬁ;acy_of determining Afmss is about
£0.00005 for lons of reasonable intensity. w;ui Vngs = 2097 V the probable

error in méasurémént of the initiél kinetic énérgy is 0.1 &V.

The methods have been chéckéd by méa’surémér{fﬁ of the initial kinetic
energy of thevM/q'= lS‘sétéllité péék in thé mass spectrﬁm 6f propané. Olmsted,
Street, and Néwtonsﬁ uéingvfhé‘ééﬂéliité méfhod and a 0;75 mm collector slit-
width, found this péakuto be formed with‘2;65 eV of initigi’kinetic'energy;. Newton
and Sciaménnalu.using a 0.025 mm collector slitwidth with the satellite method
‘found 2.85%£0.05 eV. R. Fuchsl? with an Qbsoluté caiibfation of the.deflection
method found 2;71i0.05 éV. Esrlier vaiues from‘2;2 to 2,9 eV are summarized by
Fuchs gnd Tauﬁertls who assumed an average value of 2.BO eV for the initial
calibration 6f the deflection method. The methods used in this investigation
give values of 2.75i0.i eV by the metastable sﬁppreésor cutoff method and |
2.9%0.1 eV by the negative repeller method. Itlwas concluded that theée.methods
yieid results.conéistent with other measurements.

* and D * from

3 3
CH) and CD) respectively at an ionizing electron erergy of 70 eV. ' They show

Fig. 3 shows the negative repeller cutoff curves of H

)
7

+. +
both H3> and D3_

energy ions with each having small ( <10%) component of high kinetic energy ioms.:

to have a large contribution ( >90%) of low initial kinetic &

‘It is difficult to analyze these curves to obtain initial kinetic energies of

3 v




_ C2H6 and CH

- standard in each case., The cupoff curves of H
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+ from
3 T O

‘ - + | - v o .
CHM and ~ 0.5 &V for D3 from CDh' The high initial kinetic energy components

the low energy component but the shapes suggest'leués of “‘C;Y eV for H

showed energies of 4.9 and 3.9 eV respectively.

Fig. L shows the metastable suppressor cutoff curves of D * from CDu

3

compared to zNe  as & thermal ion standard (a small CD_ - contribution to

_ 5
M/q = 22 was separated). At & corrected electron energy of 81 &V these curves

+ : : : ) : C :
show the D3 to have a small ( ~ 10%) component of ions of initial kinetic

energy 4.0%0.1 ev and a large componéntbof ions near thermal ( <0.1 eV). There
is no evidence of any significant contribution of ions of intermediate initial
kinetic energy. A small'contributioh of such ions would not be detectable.

. o . L 4 +
Fig. 5 shows the negative repeller cutoff curves of H3 from CZH6 and

Cchl respectively at an iohizing electron energy of 90 V. The cutoff curves

of the parent'ions of each are shown as standards for thermal ions. Both curves
show large contributions of components with high initial kinetic energy and no
indication of any afpreciable contribution from ions of lower initial kinetic

energy. Initial kinetic energies of 4.3%0.2 and L4.1#0.2 for H,  from C,H and
CH301 respectively were derived from these curves.

: : - ' -+
Figs. 6 and 7 show the metastable suppressor cutoff curves of H3 from

. : + .
3Cl respectively. The cutoff of He ions is used as a thermal ion

3+ (and He') were determined a#
corrécted ibnizipg eléctron energiés of about 83 eV and at about T eV above the
appéarancé poﬁéntial. At électron‘énérgies of -83 éVQ‘éach shows 6nly a high
kinétic énergy'cqmpdnéntﬂ bﬁt.a féw<volts dbdvé thé appéaranéé potential, éath :
shows'thé'major‘componént to'bé néaﬁ thénmal (<0.2 éV) with a small contribution

of a high initial kinetic enérgy component. - Curves (not shown) determined st
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electron énergies a few volfs higher ('“;37 eV) show a_rapid increase with

increase in ionizing voltage'of the'high kinetic energy component and no

3
: . - + +
Tonization efficiency curves for formation of H3 from CHL and D3

indication of any intermédigte energy components. The high initial kinetic .

energy component of H3 from C2H6 shows an energy of 3.8%0.1 eV and that from

CH.C1 an energy of 3.7%0.1 &V. | | >
|

from Cbh are shown in Fig. 8. The Qvérall shgpé of the curves for H3+ from
the other compouhds invéstigatédvih détail aré simiiar, each showing‘a fairiy :
weak onset followed by a strong rise to & broad plateéﬁ; ‘The use of the ;
metastablé sﬁﬁpréssor makés possiblé thé sépafation of fhose H3+ ions poséessing
high initial kinetic énérgy ccmparédvtq thosé from thé'mixéd species. vFig. 9
shows the séparate ionizafidh efficiéncy curves of D3+ from CD) at £ __ =lO.97
where both high'and»low inifial'kinétic éhergy spéciés afe éollected, showing ?
an AP of 25.5 éV, and théICurve at fmss = 0598535 where only the high initial
kinetic energy ions reach the collector. Points on the létter curve show ;
considerable scattér becéuée of thé poor signal to noise ratio with this low
intensity peak. Several determihations‘of this curve, using both an extrapolated
initial appearance and a sgquare root extrapolation, yleld a value of 35.5%2 eV
for the apﬁearagce poteﬁtial_of the D3+ ions pf high initial kinetic energy i
from CDh' |
Figs. 10 and ll.show the ionizatibn éffigiency curves for the high and B
the‘combinéd high and¢iow ihitial kinetic energy H3+ ions ffom CéH6 and CH3Cl

respectively. In each case aanuare.root extrapolation is included with the . G

curve of the high kinetic energy component. While the combined AP curve shows

a small contribution due to HD below the AP of-H3 in each case, no such-
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contribution is seen in the high XE curves and“poinfs.below’the AP's (shown by
the arrows) are zero within the limits of detectability.
In Table 2 the appearance potentials of H3 for several compounds are
shown together with data obtained for the high initial kinetic cnergy of the
+ : : 4 R . o , : + +
H3 fragment. . In those cases where the ratio of intensities of H3 to H2
| BTG L e o RN : S
is low, the HD . contribution at M/q = 3 interferes with the determination of
the onset of the initilal rise of the H3 peak from fragmentation of the
compound. The uncertainty in the AP.is necessarily larger in these cases.. In
all cases except p.”
3
22N +
standard was used to calibrate the voltage scale. In the case of CDh’ e

from CDh’ the onset of He ions from an He internal

was used as a stendard. The peak due fo Ne+ at M/q'= 22 was separated from the
' + - A - S S

small CD5 peek at the same nominal mass when a 0.5 mm collector slit was

used. The D3

peak was also separated fram the C 2 peak, though in any case
this would.not interfere with the appearance potential determination of D3

since C*2 has & much higher AP. The AP's of H3+efrom CHh'endvbf D3+ from CD),
are equel withih expefimental'error and agfee with_the‘value ef'25.3ii eV
reported by Smithl. |

In Table”l the ylelds of H3+ and H2+ eppear to be unrelated. This is

expected since it is highly improbable that H2 and H3 would arise from the
same set of exc1ted states of the molecule ion, or 1f they did, that the
relative dissoc1at10n probabilities leadlng to these two products would be
constant from oﬁe compound to.anothe;. In Flg. 12 the yields of H and H3
from a series of normal‘hydroeafbens are'plotted.‘ The H2 yield: from n—alkanes

decreases slowly with increase in- carbon number from C to 08 The-H3 yield

increases sharply from methane to ethane and then falls off rapidly w1th
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increasing carbon number. In the series of - l—alkenes, the yleld of H3 from
eth&lene is similerTin magnitude to that from methane buf»the yield from ‘
propylene and hlgher alkenes does not differ signiflcantly from the yleld from
n-alkanes of the ‘same carbon number. The data in Table 1 also indicates a

small effect of structure.' The yield of.H3+ from the alkanes decreases as the

alkanes become more branched The butenes show a maximum yield from the 2—
butenes, and a 1esser yield when the double bond is at a termlnal carbon in
l—butene or-lsobutene. The effects are small however, and data from many more
compounds would be necessary fo eveluete detailed structural effects.

Flg 13 shows the yield of H from each compound in the series of

3

» ‘ . + o
methyl halldes. Methane is included for comparison. The yield of H2 decreases

slowly in thiS'series.: The'H3+ yield from CF), is similar in magnitude to that

+
from CHh’ while CH.C1 shows a marked 1ncrease in H3 yield over that observed

3

in CH3F. The yield from CHBBr is a factor of 2 below that of CH3

from CH3I is a factor of 17 below that of.CH3Br.l Wh;le the H3 yield in this series
2X+Tions‘(also'shewn in

Cl and the yield

shows no reletien to the H2+ yield, fhe yields‘of'H
Fig. 13) shov a Varience:Similar to that observed fdr.H3f ions. The yieids.of
H2X+ idns_were calculeted.frem measurements made‘at M/q. = 21 for-H2F+ from
CHSF,‘atvM/qHé 39 for H201+ from.CH3Cl (corrected for the‘abundance of 37Cl),

. + _ _ ‘
at M/q = 83 for H Br from CH3Br (corrected for the abundance of 81Br), and at

M/q = 129 for H I from CHBI These peaks were each linear with pressure from

25 to 100 um’inlet pressure.' The”deserimination due to initial kinetie energy

. . + v |
will be much less for HéX than for*H3

_ , o , + ‘
+ since'the_heavier;HZX fragments will >
carry less of eny-initial kinetic energy released in the production of these

: : : - + - o : - :
ions than is the case for the'lighter-H3 . fragment. Therefore the yields of

+ L . _ S - : : . . .
H2X more nearly represent absolute yields relative to the total ionization than'

do the yields of H3+.

K2
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From the data givén?-it'is concluded that there are two mechanisms for

‘ N } ‘ o
producing H ions from organic compounds. One leads to an ion of low initial

3
kinetic energy and the other to an ion of high initial kinetic energy. The

latter has aﬁ AP some 6 to 1o‘eV.higher*than,the former. It is assumed that
the low kinetic energy ionbis'formedvfrom.fragméntation of & singly charged
molecular ion and the high kinetic energy ion from a doubly:charged molecular

o . . - . . ‘ +
ion. From thermodynamic date., the minimum AP for formation of H, by each of

3

these prbcessés can be calculated. It is assumed that the reactions occurring

are the following:

H,CX + &> 'H3+ +.CX + 2 ' (2)

.v‘_:.,." + + . - ) ] N :
HCX +e + H, +CX +3e . : (3)
3 3 T
Calculations were performed using heats of formation of the species involved

compiled by Franklin, Dillard, Rosenstock, Herron, Draxl, and Field15

.~ Using
the heats of formation in &V per molecule, the Appearaﬁcé pdtential, assuming

zero initial kinetic energy release, can be calculated.

AP (H3 ) o= AHg (cx) + AH, (1;3 ) - bH, (CH3X) - (L)
In the case of the doubly charged fragmentation mechanism,'the first term on
the right becomes AHf (CX+). ‘The heat of formation of H * was calculated from
B . N 6 N N

3

theoretical calculations of Conroy-l on'H3 ., from which the value A = L.73 ev

was derived for the proton affinity of hyafogen. This value is higher than the
. _ . : 17

experimental values of 3.0 ﬁérivedvfrdm data on proton scattering in H2 ' and
o | + 18 |

o . Use of A = 4,73 &V leads to

from a study of ion-molecule reactions of H

a heat of formation of H.'@ of 11.12 &V.

3
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The calculated AP values are surmarized in Table 3. To each of these

is added the initial kinetic energy release, T, to obtain the minimum AP which

I + . . _ o
should be observed, assuming H., to be formed in the lowest vibrational level _ .

3
1 . : _ _ c + . . S N
of the Al ground state and CX (or CX ) to be formed in the lowest vibrational
level of ‘the ground state. For the compounds studied, the calculated and observed

AP's of the high initial kinetic energy H. component agree well with the values

3
calculated by'the doubly charged ion mechanism. In the case of C H6 the observed

AP of the high 1nitial kinetic energy component of H is, within the experimental

3
uncertainty, equal to the value of 30.3%0.3 eV found by Olmsted, Street and
Newton for the formation of high initial kinetic energy CH3 jons. Tt is
concluded that the high 1nitial kinetic energy ions result from fragmentation
of the doubly charged molecular ion. |

“The low lnitial kinetic energy component must be formediby fragmentation
of a singly charged.ion. The difference between the lowest calcnlated AP and
that observed for this component, some 8 to 10 eV, suggests that'the molecular
ion is‘formed initially\in a highly excited state. The experimental results
suggest no dispositiOn of this excess energy,vbut in ‘all cases it is considerably
higher than the C-X bond energy19; Several‘possibilities are obvious, i.e.,
emission of‘light from an excited state;of CX, .fragmentation of CX with release
- of kinetic energy, and fragmentation of CX with C being fonmed in an excited
3Cl the formation of D or Cl respectively n

in an excited state can be eliminated since in each case the energy level of

state. In the cases of CD)4 and CH

the first excited state plus the C- X bond energy is higher than the excess P ¥

energy available

- L '
The w1de variance in yields of H37 observed from various compounds as

1llustrated in Fig. 12 and l3 can arise from differences in relative yields of




-
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H3+ from‘the iwo indépendent mechanisms. In the cases examined CDh and C6 6

N
show low yields of H (at V' 70 ¥) but most of this yleld is due to the low

3
initial kinetic energy component. The higher yieid of H3+ at V_ =707 from
6 and CHBCl respectively is due to the increased yleld of the hlgh initial

kinetic energy component. Any significant correlatlon would requlre the
separate con31deration of these respective ylelds. Exper;mentally, other than
an order of megnitnae esfimation, nO'method;of meaeuring the seperate yields
vas found. ‘ | |

. L , v S % _ +
The eguality of AP's for the high kinetic energy ions H3 and CH3 from

CEH6 suggests the doubly charged CQH6 2 can fragment by at least these two

paths. Olmsted, Street, and Newton8 found the kinetic energy of the CH3+ satellite

to be 2.45 eV, and new measurements by the metastable suppressor cutoff method yield
2.65 eV, The latter figure results in T = 5,30 eV of kinetic energy felease

and corresponds to a separation of chafges of 2.7 A._»For separation into H3
and 02H3 , T = h 2 eV and the separatlon of charges is 3.4 A, TFor CHBCl,'

Olmsted, Street . and Newton found the satellite of CH3 to have an initial

kineticbenergy of h.lS eV, corresponding to a T of 5.9 eV and

N : . + . +
a separation of charges of 2.4 A. For separation into H, and CC1 , T = 3.9 eV

3

and the separation of charges 1s 3.7 A, In each case the'separation of charges

. + . + . ..
is larger for fragmentation into H + CX +than for fragmentation'into

3
+ + 7 . . . . _
CH3 + X . This is qualitatively the result that would be expected from
primitive concepts of the transition states in the two cases, H3 -C-X and

gt
CH. -X
3

2 .ions from hydrocerbons have

components of high initial kinetic energy. A metastable suppressor cutoff curve

. g L o+
Fuchs and Taubertl3 showed that the H
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of H2+ from Czﬂé_showed a cqmponent of initial kinetic energy equal to

3.7t0.1 eV. This_component hed an AP of 31.1%1 &V. _Assumihg the fragmentatibn'

procéss to bé.CéH6+2 fraéménting'to Hzf énd Cth+,-T = 4.0 &V and thé separation .
of chargés, 3{6‘A, is slightly;larger than that calculated for separation into
H3+ and C2H3+.' The suggestion implied by this data is that phé same electronic o
state of 02H6+?.can fragment by.at iéast thréé indépéndént'paths. ,Whilé this
suggéstion ié'éqnsistént with thé_availablé'data, it doés not represent a
firm conclusion. .
This work was pérforméd ﬁndér thé auspicés of thé U. S. Atomic Energy
Commission. . | |
L
®
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FIGURE LEGENDS'

‘Fig. 1. Variation of péak sénsitifity (péak inténéity/préssuré)'with preésure
for M/q = 2,3 and 16 from CH,, M/q'= 6 from CDL, and'M/ﬁ = 3 from CéH6.
Conditionéﬁ Ie = 38.5 ﬁA; Ve =.70 &; VR = 0.0113 VAg M/q'é 2 scanned at
V, = 3000 V, 3 at 2000V, 6 at 2000 V and 16 at 2840 V.

Fig. 2. Ion accelerating voltage discrimination curves.of_H3_ ions from CHM

+ :
~and 02H6’ and D3 ions from CDh'

Fig. 3. Repeller cutoff curves of H3+ ions from CHh,.and D3 ions from CDM'
Conditions: .Vé = 70 V; VA = 3000 V; repellers equal; magnetic scan.
= L v L ‘ ' + C
Fig. 4. Metastable suppressor cutoff curves of 22Ne+ions and D3 ions from a

mixture of 22Ne and CD),. Conditions: v, = 2000 V; repellers equal at

0.008 V,5 1.000 Vmss = 2097 V; Ve = 81 V; magnetlg scan.

. ) +
Fig. 5. Repeller cutoff curves of H3 -ions from»CgHG.and H * ions from CH_C1.

3 3

Conditions: 'V; =90V, V, = 3000 Vs repellers equal; magnetic scan:

A

' . : + + .
Fig. 6. Metastable suppressor cutoff curves of He ions and H3 ions from a
mixture of 1% He gas in 02H6 af corrected ionizing electron energies of
83 eV and 33 eV. Conditions: VA = 2000 V; repéllefs equal at O.Ol;VA;
;'OOO_Vmsé =:2097 V; magnetic scan.
" L + +
Fig. 7. Metastable suppressor cutoff curves of He ions and H3 -ions from a

mixture of 1% He gas in CH.Cl at corrected ionizing electron energies of

3

83 eV*and 32.3 eV. Conditions: 7V

)= 2000 V; repellers equal at 0.0l vV,
l'OOO Ymss'= 2097 V; magnetic scan.

Fig. 8. TIonization efficiency curves for the formation of H3' from CHM’ and

+ e S s S
D, fram th.v gonditiqns. V, = 3000.V35 Vo 0.0065 VAf
inlet pressure Q'IOO‘ﬁm Voltage scale corrected by appearance potentials of
He+(CHh) and ?2Ne+(CDh).
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Fig: 9. Ionization efficiency curves for formation of D3' ions from CDh'
"Variation of curves ﬁith fraction.of metaétable suppreésor voltage applied at -

¢

collector. Condiﬁions: v, = '2000. V repellers equal ‘at 0.008 V,; *

- 1.000 Vmss 2097 V magnetic scan. Electron energy scale corrected to flrst

appearance of D.  at 25.5 & with fméé = 0.970.

5
Fig. 10. Ionization efficlency curves for formation of He and H3 ions from a o
‘ |

' + . : ' . i

mlxture of 1% He in C H6 Variation of H3 curves with fraction of metastable §
suppressor voltage applied at collecto Conditicns: VA =A2000 V3 repellers 5

equal at 0.01 V 5 l.OOO‘VmSs 2097 V magnetic scan. Electroh‘energy scale l
corrected to first appearance of He' st 2U.6 eV with £ = 0.980.

- L : ' + 4
Fig. 11. Ionization efficiency curves for formation of He and H from a

3
mixture of 1% He in CHSCl. Variation of H3+ curves with fraction of
metastable suppreséor voltage applied at collector. Conditions: V, = 2000 V;

A
repellers equal at 0.01 V,; 1.000 Vﬁss = 2097 V; magnetic scan. Electron

- + :
energy scale corrected to first appearance of He at 24,6 V.

, e _ : 4 . +
Fig. 12, Variation of yields of H2+'and H,' in the n-alkanes and of H,@ in the

3.7 : 3
l-alkenes with carbon number. |

: ' + + )
Fig. 13. Variation of yields of H2 . H3 , and H

2x+ in the methyl halides.
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Teble 1.. Observed Yields of H.' Ton from Various Compounds.

Compounds H3»+/H2+-a Pattern H3+-b' Patteran2X+ °
Alkanes )
CH) 0.0088° 0.0038

. -
CD), 0.0086 -
C He 071h3 _ : o.oéh_
C Hg 0.1k46 0.025
n-C\H, 0.065 0.0076
1-C Hy .0.067 0.0072.
neo-C.H, , 10.037 | 0.0026
vl—CSHl2 0.033 0.0033
p—CSng . 0.038 ‘.o.oohl
n-C_H, ¢ 0.017 - 0.0012
n-CgH, o | 0.0;3 0.0008
2,2,b-trimethyl-pentane 0.016 0.0012
Alkenés, polyolefins, and aromatics . .
CH), | 0.0097" 0.0032
C3Hh(methyl acetylene)' 0.029 - 0.00kL9
C He - 0.076 0.021
1,2-C)H, 0,025 | 0.00L6
1,34chH6' 0.018 0.0033
1-C\Hg 0.030 q.oo;s

1 0.0079

(continued)
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Table 1. Continued.

.1

Compounds | - H3+/H2+ & Paftern H3 v Pattern H2X+ e

Alkenes, pg}yolefins, and aromatics, continued

2—CuH8(trans) . : 0.036  _ 0.0QTS

i~C)Hg -~ L 0.030 R 0.0661‘

2-methylbutene-2 | 0.025 » 0.0036

hexene-1 | . 0.017 ' 0.0019

2,2,h—trimethyi-penﬁene—l 0.013. - 0.001k

benzene . 0.037 : 0.0625

| {

Misc. comppunds-_

CH.F A So0.017 . 0.0051 ~ o.002k (5,F")

CH,C1 L 0.215 0.043 | 0.026 (H,01")

CHyBr | o 0.200. . . 0.02k - . 0.031 (H2Br+)

CH,, I o 0.016 0.001h 0.015 (H21+)

CHL0H : | | 0.053 *» 0.028 0.'11,(-}_13O+)

CoH 08 o 0.076 o - 0.025 1.3 (H,07)

CHCL: | 0.075 0.1 0.12 (m,c1")
CHCF, o N 0.024 ~ 0.005k o 0;038~(H2F+)

%The H3+'pea£-scanned a£.2COO V'iopiacéelerating‘voltageg the'H2+ peak at 3000 V;

each at 70.V nominal ionizing voltage, nmormal repeliers of v0.01 V,, 0.5 mm

AB
collector slit.

bPatterns.are expressed as the percent the H3 peak intensity contributes to the

total peak intensity.

(continued)
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+ o+
“Corrected for contribution of HD' friom the H2 peak,

d. + + .
D3 /D2 ratio.

+ )
eH2X peak intensity as % of total peak intensity.

N v et SRR, -
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Table 2. Energetics of_Fdrmation'of~H'+ framAVaricus Compoﬁnds

]
Compound  A.P. (K,') Stendard  Initial K.E. Relative Methoa® T’
: ‘ (ev) = o HT (eV) | vield (Est.)
R S T
e
on, 25.0+1° re® <07 > 904 R <0.85
(25.3+1)% §.440.2 < 10% TR 6.0£0.3
cp,. ~ 25.5%0.5 22yt <o0.1 > 904 mss < 0.1}
35.582° | 4,0%0.2 . < 10% mss  5.7%0.3
' < 0.5 > 90% IR
| _ 3.920.2 <10% = M
C_He - 2k.6£0.5 H¢+ <0.1 < 10% mss . < 0.11
30,011 me' 3.8:0.1 > 90% mss  L.2¢0.1
' -4.320.2 NR '
| 4.1%0.2 o s
CH.CL  25.5%0.5 et . <o.2 <109 mss - < 0.21
' 29.911°  me' 372001 > 908 mss  3.9%0.1
4.1%0.2 ' NR
06H6 B ‘ '. ' <0.2 > 80% - ﬁss
7 3.8+0.3 < 20% mss
‘ ) c N B
C\H1p 26 *2 He
CH), 22.741° He'

R - negativé -fepeller method, mss - ,metastabié suppréssor cutoff méthod,

S - satellite method. .

PTotal fragmentation energy, T, assuming fragmentation to be H3CX+~* H3+ + CX.
“Weak onset over background of _H.D+_ or lower Sté,te of low transition probability.
dFrom reference 1. . ' o

®A.P. of high initial kinetic energy state.




Table 3. Comparlson of Calculated and Observed. Appearance Potentials for the Formation of D" from CDh and

3
3 from C H6 and CH3Cl - _ _
oD, ® . c.E _ - o
| St | _2’6 g | I
: ~ + + + + + + + + +

_Products D, +.CD Dyt +CD  Hy +CH,  Hy +‘C2H3 Hy +CC1 - Hy +cCl
-AHf(CH3X)b 0.78 _ 0.78 0.88  0.88 . 0.8s . 0.84

AE (CX) . 6.17 B 2.82 o 5.29

aE(ox") o S 17.30 . Cou.ert 13.70°

BE(H)® a2 - 1.2 112 wmae 0 11.a2 11.12
Y= Min A.P. at T=0" 18.07 o . 29.20 1hk.82 o 23.67 , .17.25 - 25.66
T . A <02 57 . <01 . ko2 : < 0.2 - 3.9
cale A.P. - <183  3h9 . <1h9 219 <17k 29.6
Obs A.P. o . 25.5%0.5 35.5t2 25.0£0.5 ©30.0%0.5 ) 25.5%0.5 29,9 #1
BA.P. (Obs-Calc) | 7.20.5 . 0.6:2 10.1£0.5 2.1%0.5- . 8.1%0.5 - 0.311

_Sa_

?Assuming heats. of formation of deuterated species equal to those given in Ref. 15 for protonated ;pecies.
_bAll heats.of:formation'expressed in eV/molecule.

CAssuming AH (% ) = 269 Kcal/mole. (Ref. 15).

3

4 ssuming AHf(CCl ) = 316 Keal/mole. Listed values range from 316 to 420 Kcal/mole. (Ref. 15).

eCalculate_d assuming the proton affinity of H2

to be 4.73 éVQI

*ASY 9TE6T~TYON
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: _

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”

includes any employee or contractor of the Commission, or employee of

such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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