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ABSTRACT .

Metastable states in NEQ and N02+ have been observed, the product ion

and N was‘fodgd:to bg 1.95 i'0.65 ev. In.N02+(m) two processes are found, one
"ofihalf’life O.7i0.l.X 10_6 sec which leads to a totai kinetic energy release of

1;1210.10 eV, and a second of half life 2.5%0.5 X 10-6 sec which leads to a total
: kinétic energy release Qf Q.51i0.10 eV. The.éffect of pressure on peak height

. + ~
shows the metastable peak from N0 to possess a unimolecular component, which,

2
under proper'conditionsof?opération,can be made to predominate over a normally
intense collision induced dissoclation peak. The metastable peaks from NO2 both

arise from unimolecular dissociation pfocesses.
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I. INTRODUCTION
Begun and Landau have reported the existence of a metastable peak at
M/q 20 b5 in the mass spectrum of nitrous oxide whlch they ascribed to the

‘ metastable dissociation
L : | . .:ev . . N | |

.Theyveoneiuded fhat in.addiﬁionAtO'a collision induced‘reaction,af-ieast part
'of the precess they,observed arose from a unimolecular aissocietion and that
fhere“exiets afmetestable'electronic excited state of N20+. |
‘Ffiedman‘and IrSa2 have Questioned this data and presented results
indicatiné‘that the observed metastablevpeak was due solely to a collision in-

" duced transition. Their conclusions were based on the observation that a plot

-_'of the peak height ratio of (M/q = 20.45)/(M/q = 1) against the peak height of

vM/q = lﬁ eXtraﬁolated to zero at zero qu = 14 peak height. Begun and Landau
éuestibned this latter conclusion and showed their plot of the ratio of the
metaétable peak height to the vo' peak height did not extrapelate to zero at
zZero NO peak helght indicating the existence of a unimolecular dissociation.
It has recently been shown that a metastable ex01ted state exists in
+2 4,5

the‘co2 “ ion, "’

- in the mass spectrum of H S.6 It was therefore of interest to re-examine the

and Dibeler and Rosenstock have studied three metastable ions

2

masé"spectrum of N,O and to examine the mass spectra of other triatomic mole-
: 2 .

bcules to determine 1f electronic excited states of small polyatomic molecules are
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rare as suggested by Friedman and Irsa. 1In the present paper, evidence is pre-
' N - ‘
O occurs by a unimolecular

2

. ’ - : +
process, and.that a similar unimolecular process . occurs in.NOQj. KWith NO

sented to show that the metastable dissociation in N
 th A
5. ere
are two contributing metastable states which yield different kinefic energy frag-

ments and have different half lives for dissociation.

IT.. EXPERIMENTAL

The mass spectrometer used in this work was a mbdified'Consoiidated
Eleétrodynamics Corporation Model 21-103B. For these-—experiments the modifica-
' ﬁions éfvintefest are as follows. The analyzer pumping-gystem haé-beeﬁvchanged
to an all metal éystém ﬁifh punmping on bofh\the ioﬁ soufce_andicollector ends
ofvﬁhevanalyzer tube. The re;idual pressure in this system as‘measured.by nude(
ionbgauges.of thevAlpert.fype located in the pumping lines just outside the
magnetic field is less than 5 X.].O-8 torr. &his increased pumping speed'has
resulted iﬁ drastically reduged scatteriné of the ion beam and iﬁcreased the
linearity of peak height vs inlet system_pressure’to-greater than 200 microns
inlet pressure.

_ Tﬁe metastablebsuppfessor voltage system was modifigd by repiacing the

- by meéohm resistor string with,axo.l%.preéision, 50 megohm multiple decadé'
potential divider so thevfraétion of the lon accelerating voltaée applied to
the metaétable suppressor could be accuféfély méasﬁred.»

In_the Isatron control circuit, the. potential divider in the inner focus -
éontrol Qas'increased in sensitivity by a factor of 10 in order that the mété-

“stable peaks and normal peaks could be brought to maximum focus at easily

|
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. gas to oxidize the N

+ . . . 3 . ' . . ) ) . ) ‘
NO from these dissociations shown in Egs. (1) and (2) are 20.45 from N
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reproducible settings. It has been menfioned previously that the ion source

focus settings are different for maximum intensity on normal and most meta-

stable peaké.7 In the repeller cifcuits, provision was made to increase the

range of the repeller voltages by use of batteries.

The gases N0 and NO2 were obtained from the Matheson Company . The

2

NO2 was purified by trap to trap distiilation, then further/;reated,with O2 ]

203.present and again subjected to trap to trap distilla-
tion. The final product was white when condensed as a solid, and traces of
N205 were readily detectable by the blue color it imparted to the solid. The

NQO was purified by simple trap to trap distillation.

III. RESULTS
The peaks from iOhs resulﬁing'from mgtastable.dissociations in the
mass spectra of NQO anvaOé respectively are shown in Fig. 1. The calculated

apparent masses df the

N20+—-(—I_3)——>,No++1\1 | | | (1)
N02+——-(—n12—_> NOT + 0 ) | :(2)

19.57 from NOE' As shown in Fig. 1, these metastable peéks-are centered about
these respective masses, but the peaks have a broad mass distribution owing to

kinetic energy:given to the fragments in the dissociatibn process.
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1) N 0 Studles-——From the'varlation of peak helght with repeller voltage
based on. only a few p01nts we estimate the half 1life of the metastable NQO to
be less than 0.2 X lO 6‘sec. (Begun and Landau1 reported a valueuof ~2 X 10 -6
© sec. ) Such a ‘short half life is also compatible with the rapld dlsappearance
‘of 'this peak as the accelerating voltage (VA) is lowered using. the normal y’ :
operating conditions with repellers at 1% of VA' All studies were thus.made at ._ ;

either a) high V, with normal repeller voltages or b) high repeller voltages at

lower VA values ‘
In Fig. 2, the peak heights of M/q 20.45, 30 and 4h are plotted 2
against inlet system pressure. ‘The NO peak height increases linearlylwith |
| pressure while the N20+ peak height falls off at higher pressures. The meta-
stable peak height increases at a rate greater than linear with pressure, “but
- certainly does not rise as the square of the pressure. The ratio of the meta-

stable peak height to either the NO or N O peak height are also shown in

2
Fig. 2. ‘Each ratio: shows a slow linear rise with pressure AThese llnes‘extrap-
olate to real values_at zero pressure and the increase in the‘zero pressure ratio
to the ratio at 400 u‘inlet_pressure.is only 20 and 36% respectively. There is
no doubt that these zero pressure ratios represent a unimolecular dissociation.
The numerical values are not significant as they are depeadent on such experi-
mental parameters as VA . R’ and collector slit w1dth

The kinetic energy released to the fragments 1n.the'metastable dissooi-

ation of N,O has been studied in three ways. l) The width of the metastable ;

2
peak at a given accelerating voltage, 2) the difference in width of the meta- 4
-stable peak at low and high accelerating voltages, and 3) the spread in voltage

of the metastable cutoff curve.

a e ey e e
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In method (1), it has been shown that for-the metastahle dissociation

‘ M ——(—@—> M.+ M, , o A (3)
v the spread in width of the peak, 4, in mass units, is given by the equation
M - o o -
a =k = 5 o : ()
O N

in which T is the total kinetic energy given the fragments Ml and M2 in

~ the dissociatlon and V, 1s the accelerating voltage In theIUSe'of this

A
equation with voltage scanning, where VA may differ by many volts in focusing

the high and low mass sides of the peak it can be shown that use of the VA
required to focus the zero kinetic energy peak e.g., M /MO , gives a result
not significantly ‘different than that found when VA 18 constant and magnetic
scanning 1svused. -
;.The problem in applying Eq. (4) arises in deciding how'the peak width,

.d, is to.be meaenred. Beynon8 used the top of the neak at eachvend of the
'distribution and claimed these results to agree with‘results'from messurement
of the metastable cutoff curve (method 3).° Fuchs end Teubert5 studied the
'kinetic energy of fragments from the dissoc1ation of CO 2'za.nd. measured both
the width at the tops of the peak and also the width at 50% peak height. These
kinetic energies were compared to the kinetic energy fOund by the deflection
method, and it nas observed that the top peak width gave too low an-energy'and
~ the 50%.peah height width too high an‘energy. As suggested by.the results of

Fuchs and Taubert and as found in the results presented here; a measurement of
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the peak width at 70% peak height gives results consigtent with the other methods
of determining the energy. This empirical_resultfcan be rationalized by the

assumption that there is a Gaussian distribution of - kinetic energies about some

mean value and hepce measurement at 67.5% of peak height would yield the mean . :
.value of the energy. (Obviously such an argument does not apply to dissociations v }
in which quite small amounts of kinetic energy are released, for in these cases v !

the effect of slit width and, in Dempster type mass‘spectrometers, change in the
anparenﬁ mass with distance beyond the ion source exit slit at which dissocia-
‘ tion occurs 1s a significant factor in determining:the overall peak.w‘idth.)7

In method (2) the difference in spread at two accelerating voltages
should be independent of how the peak widths are measured as 1ong as the meas;
»‘Urements are consistent, though second order effects which change the peak shane
at high and'low’voltages may affect the results. The equation relating to the

difference in peak width at two accelerating voltages is:

Y’ [ 1' »1 o

2

In Table I‘are presented the results of measurements of peak yidths at
high and lowiroltages as‘measured by the‘tcp.widths of fhe=extra§olated sides _f
of the’peak and the width at 70% peak height. VAlso shown'are the results cal-
culated from tne change in width with voltage. Itvis seen fhat the energy
calculated at 70% peak height agrees fairly well with the energy calculated | .‘ | ?

from the difference in peak width as measured at either point.

l,}.‘)
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In Fig. '3 is shown the metastable cutoff curve of the M/q 20.45 peak
“in N20 where the peak area is plotted against the fraction of VA applied to the
metastable suppressor. With peaks of this type, increasing the-voltage'applied
" to the metastable suppressor does not gradually change the peak height over the |
whole curve, but first cuts off the low mass side of the peak. As the voltage
applied to the metastable suppfessor is“increaSed, the peak simply;becomes nar-
rower until finally the high mass side 1s cut off The height of the residual
peak does not change over most of this progressive narrowing of the peak Peak
areas were determined by weighing the actual peak cut out of the chart paper.

The equation relating spread in thepmetastabie‘suppressor cutoff volt- -

age (Vmss)vto the kinetic energy given the fragments.in a metastable dissociation

is given by8;

kM v ' ' ‘
1'A oo . ' . :
A"(rm) T o (6)

O . 1 A

From the results in Fig: 3, .T is calcnlated to be 1.09 eV, and this to-
gether with the.results from the peak width difference method yieids an estimated
.best value ofvT = 1.0 % 0.05veV for the kinetic energy imparted to the fragments
in the metastable dissociation of N20+. “ | |

- 2) ygé Studies—The M/q = 19.57 peak in.NOe, shoWn in Fig. l,‘is clearly
composed of”two components. When this peak is investigated as a function of

'accelerating voltage the relative widths of the ahoulders with respect to the mein

peak decrease with increasing accelerating voltage, showing the two components to

v

_have different kinetic energies.

The half 1life of the state from which each component of this metastable
| ‘ ‘ 9

' peak arises has been estimated by the same method as used by Hipple and
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Coggeshall.lo The high kinetic energy component (shoulders) arises from a |

= » -6 : :
metastable state with a half life-of 0.7+0.1 X 10 ~ sec, and the low kinetic

energy component from a metastable state with a half life of ~2.5%0.5 X 10_6-4

sec.ll

In studying the effect of pressnre on the peak helght of the M/q =
'l9.57 peak, it is to be noted that when all operating conditions except presQ
sure were constant the pattern of the peak as measured on each shonldef, the
maximum at each side of the main peak, and the_center of the.valley_is, within
reading error of the peak height, independent of pressure from 25 to.hOO ufin-'
let'pressure. In Fig, 4 onl& the height of the point on the high mass side isv
plotted, but since the pattern is constant, any other measure of peak‘heiéht.'
would yield alsimilar.curve. It 1s seen that the peak heights of.the metastable
peak, M/q = 30 and M/q = 46 are each almost linear with pressure and the ratio
!of the metastable peak height to either NO peak helght or the N02 .peak height
is almost flat and extrapolates to values of 3.2 X 10 -k and 8.8 X 10 -b respec-
tively at zero pressure. -Again the extrapolated values are dependent on
'operating parameters. There is thus no doubt of the unimolecular chamacter of

v

this metastable dissociation. The fact that the pattern of the metastable peak

is constant over the whole pressure range shows both components to be unimolec- -

ular.

The kinetic energles of the two components of ‘the. M/q 19.57 peak have
been evaluated by the same three methods as described for the NQO nmetastable
peak. The results are shown in Table II. The metastable suppressor cutoff

-'curve, Fig. 5, shows the presence of two energy components, fairly clearly on

the low energy end where the transition from cutting off the shoulder to cutting ng,

- off the main peak is qulte evident, but less clearly at the high energy end
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where.there seems to be a gradual merging ef the peaksvfrom one.to the other.
It is fealized that the_center'portion represents the éﬁtoff.pf‘both'the,central
peak and that portion of'the higher energy peak lying.under it.. A fair extrapo-
lation of the high energy'component cutoff can thus be made, but it is net at ali
clear how to obtain the low energy component frem this:curVe. The high energy

component yields T. = 1.16 eV, while 1f extrapolation of the low energy component

1

is estimated to be at the top break in the curve and a similar point on the high

mass end, a value of T2 5@.65 eV is obtained for the low energy component.

From the results in Table IT the best values for the T of metastable N02+ are

estimated to be 1.12%0.10 and 0.51%0.10 for the high and low energy components.

‘respectively.

IV. DISCUSSION

The evidence presented ﬁere shows thetjfor both NEO.and N02 there exist
excited states of the singly charged molecule ion ﬁhich diesociete by unimolecular
processes. Thie cohclusien_in regard to N20 suppofte the ﬁosition of Begun and |
Laﬁdeg.l Friednan and Irsa2 observed only the collision induced process, probably
because tﬁey,operated their ion source with "no-repe;ler". « Because 6f:the very
short half 1life of this ﬁetastable stete, the residence timevof the ions in théir
ion source was prebablyvtOO long for the;dnimolecular process to be observed. In
NQO, the collisilon induced diseoeiation is predominant under normal operatingv-

conditions. By use of high repeller voltagey, . high accelerating voltage-and fast

pumping of the analyzer tube, the collision induced dissociation can be minimized

‘and the unimolecular process made to be the major contributor to the observed

peak. In NO,, the shape of the curves in Fig. 4 indicate that collision induced
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. processes contribute little to the metastablé peak even at high inlet system,preé—

L

sures.

There is a real difference in the.shépes of the metastable péaks,for these
two compounds. The metastable peak from N20 is almost flat on top, whilé.at
least the low kinetic energy component of the NO2 metést;blé peak has a‘definiﬁe
maximum.at each side of the peak. Because the center portion of the high energy
éomponent.péak is hiddén under the low énergy peak, it is impossible to give a

shape for thdt peak. 4Flowers12 has analyzed the shape of metastablé peaks in

which kinetic energy is given to the fragments aﬁd shows that in a high resolution

mass spectrometer the peak should appear'ﬁith maxima on both the low and high

mass sides of the peak. The same type péakishoulddappearhin~Dempster type -instruments

as there is a cosine O distribution of added velocities parallel to the beam

direction and all angles sare egually probablé (6 is the angle between the direction

of the dissociaﬁing fragment and the beam diréction)}- It is thus not apparent
why the peak in Ngo-is flat while that ;n NO2 is doubiy peaked. It would aﬁpear'
to be a remarkable coincidehce vere the NEO peak to be the sum'éf several @oﬁbly
'peaked curves which add up to a flatntppéed pegk. That instrﬁméntal factors‘are
involved is known, for weu'observed a flat.topped peak a% M/q = 35;6 from.002+2,
whilé Fuchs‘and Taubert5'observed a doubly peaked distribution of this metastable
ion ih their instrument. The'problem of peak shapé for this type peak will re-

quire more study before it is completely understood,

s g
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Table I. Kinetic .energy of fragments in the metastable dissociation of NQO .

v - a (top) T(ev)a o a (70% peak heignt) 'T(ev)a
1010 ,f 1.67 (0.90) K i.8o (1;05)
3850 - 0.8 | (0,86) - 0.9k (1.09)
a -
| LSVA(101O—585O)V . 0.86 1103 . 0.86 1.03
' Metastable suppressor cutoff 1.09-
T (averége) 1.05%0.05

aFigures in parentheses not iﬁcluded in the average.
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Table II. Kinetic energy give to fragments in the metastablé

‘dissociation of NOp*.

Main Peak a (top)
Va
Ly 1.6
2328 V - 0.77
o sa
Ay, (581-2328) 0.84%

Metastable suppressor cutoff

Base Peak

581 -

2328 - 1.22
_ "
ANA(581-2528),' tol.e2

Metastable suppressor cutoff

a

; - . -
T(eV) a (?O% peak helght) T(eV)'
(0.46) 1.69 (0.51)
(0.42). 0.85 '(0;51)

Ad
0.51 0.8k ,"0;51
(<0.65)
T (average) C.5lié.l0
(1.06) 256 (1.17)
(r.05) ° '1.20 (1.19)
ad
1.07 fi.26 1.1k
| 11.16
T (averaée) 1.12%0.10 -

aFigures in parentheses not

included in the average.l

S
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FIGURE CAPTIONS |

Fig. 1. Metastable peaks in the mass spectrum of NEO'and N02. AR

' Fig.

- Fig.

'Fig.

N20 peak—Magnetic scan, V, = 3838 V, Average repellers = 75 V,_VI = 95V,

A
Inlet preséure»=h00 TR

11336, repellers—1% Vo V

I

A = T0 V{ Inlet

NOé peaka-Voitage scan, MV
pressure-=300 pu.
2. Vériation with inlet system pressure of peak heights and ratios of

M/q = 20.45 to M/q = 30 and M/q = U4 peaks in N,0. MV, = 45,100,

Vg 1.2% v,

3. Metastable suppressor cutoff curve of M/q = 20.45 in N,O. MV, = 69, 700,

R

V. = 1.8% VA’ inlet pressure = 400 u.
4., Variation with inlet system pressure of peak heights and ratios:of.

M/q = 19.57 and M/q = 30 and M/q = 46 in NO,, - M/q = 19.57 scanned at MV, =

11,300, Vg = 1.2% Vo M/q = 30 and 46 scanned at MV, = us,eoo,,vR.= l.E%.VA.

Fig.

MV

5. Metastable suppressor cutoff curve for M/q ='19.57 in NOQ-

) = 11,300, Vg = 1.2% V,» Inlet pressure = 300 p.

-t
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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