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ABSTRACT

Masa-Spectrome£r1c investigations of diverse aress ranging from the
. basic understanding of elementary physical-chemical processes to analyeces
of trace elements Lo the envivonment are outlined. Badic the¢modynamics
and chewmical kineticé of ion-neutral phenomena relevant to the solution of
problems of immediate importance to the U, $. Alr Force &re emphasizeé.
Particular emphiasis in placed on electron-affinity determinations of small
gaseous species of Importance as electran scavengers in the atmosphere and
electronic excitation ip fon-neutral collisfon procesges of divect appli~
cation to the understanding and predictlon of new laser systems.

Sophisticated analytical techniques to quantify trace contaminants sguch
as dioxin in Herbicide Orange and other impurities in solid, liquid, and
gageous environmental samples are outlined. These include sample work-up,
column preparation, asnd gas-chromatographic mass-spectrometric analysis.

Technlques for quantitative adseorption &nd ‘desérption of noxious gasés'
on selectively prepared columns are described.

Methods of computer interfacing with mass spectrometers for data
acquisition are outlined. These include techniques for treating data from

both chemical-physical and analytical investigations,



INTRODUCT ION

The objective of this program was the development and utilization of
-advanced masg-spectrometric techaiquea for the study of fundameatal
analycical and physical-chemical problems of interest to the U.S. Air
Force., The fund#mental areas investigated in the course of this contract
inelude: (1) ion-neurral collision studies involﬁed in the determination
of basic thermochemical quantitics sucﬁ ag «lectron affinities of
refractory wmetal oxides; (2) déveIOpment of chemical and mass-spectrometric
procedurcy for determining 2,3,7,8-tetrachlorodibenzo-p-dioxin in Air
Force llerbicide Orange and envircoamental matrices; (3) spark-source
mass spectrometric analysls of solid samples of interest to the Air Force;
(4) development of mass-spectrometric techaniques for studying sorption
of noxious gases by selected solids; (5) high-resolution ma55~8p;ctromecric
analysis of liquid and gasecus samples, and (6) developmear of an
operating interface between laboratory instruments and computer.

The scientific investigations were perfaormed in the Gaseous Excitation
and Tonization Processes Group, Chemistry Research Laboratory, Aerospace
Research Laboratories, Wright Patterson Air Forece Base, Ohio, utiliziog
the unique instrumentation %abricated during the initial phase
of this contract and &ther sophigticated equipment locafed in this
laboratory.

The authors would like to acknowledge the cooperation of Dr, Thomas
0. Tiernan and co-workers at the Aexospace Résearch Laboratories and
the efforts of R. P. Clow, C. A. Davia, C. E. Hill, Jr., J,. C. Hzartrz

Smith, and M. L. Taylor during the early phasces of the program,
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This report describes in detail the work perfor.<d during the past
four months and summarizes the results obtained over the cntire course

of the contract.



SECTIfH T

CAS~PUASE KINETICS

During the course of this program a number of thermodynaﬁit and
kinetic stud{es have heen completed. 1o these atudiea, both tandem
and time~of-flight mass spectrometers have been used as well as
inatruments for monitoring the luminescence praduced in ion-molecular
Interactions, Much of this work has been documented in Systems Research
Labutatorles, Inc., annual and semiannual progress reports. -
Extensive work completed since publication of these reports has
resulted in several manugscripts which have been prepared for publication
in varfous sclentific journals, This sectlon is comprised of these

manuscripts; ench manuscript is 8 sclf-contained unit having its own page,

reference, table, figure, and cquation numbers.
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Lyman Radiation From He+lﬂole;ule Interactions

B, M. Hughes and T, O. Tiefhan

' Aerospace Research Laboratories, LI
Wright Patterson Air Force Base, Ohlo 45433

. E. G. Jones
Systems Research Laboratories, Inc.

2800 Indian Ripple Road
Dayton, Ohio _ﬁ54&0

Intréduction

In this laboratory extensive investigations of the luminescence
produced fn lon~neutral collisions have been undertaken. ‘The studies
have emphasized the low kinetic energy reglon (1-200 eV) in which «
significant number of electronically excited praduct species are formed.
Certain of these states c¢an radiate. By wounitering the 1un1ﬁescence,
informatlon concerning the interaction of an fon and a neutral cam be
ascextained. In particular, information concerunlng the energy
distribution of reaction products can aid in the design of potential laser
-systems. Ion-neutral reactions in certain cases have beet found to be
an efficient laser~pumping mechanlsm.l

Low=energy coliisions of He+ ions with hydrogen~containing molecules
frequently produce Il atoms in a serles of excited levels., ' For example,
reaction of 100 eV, lab it fons with a hydrogen molecule has been shown
to produce H(n) for n = 2.3;4,5.6 as determined by monitoring the subseguent
Lyman or Balwer radiation from these states.2 In this kinetic energy
region, the intensity of the luminescence is strongly dependent upon the
kinetic energy of the coliiding partncrs.z’3 Production ﬁf all of these
excited states of the hydrogen atom Is endoergie for thermal encrgy
collisions. In a companion studyz conducted In this laboratory, the

individual kinctic encrgy onsers {or H(n); n = 2,3.4 were determined.
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In the present study the tnvestigation has been extended to {nclude
reactions of He+ ions with a sceries of H~containlvg polyatomic molecules,
Results of an analogous fnvestigation of Lc emission following bombardment

»3 and Vroom

by electrons have been publighed by-Nccowan'andléb—wofiérsk
and de Heer.6

Cross scetions for‘the production of-Lq and LB radiation for impact
of 100 ev He+ ions are reported. The kinetic.energy dependence of the Lu'

radiatfon and the threshold behavior are discussed.

Experimental

,The apparatus has been described previously.z'? It consists of a
qingle focusing mass spectrometer vhich prepares Ha+ ions (~ 1 oA} with
kinetic energy in the range 1-170 ¢v and focusses and transmits them into
a collision chamber containing a target gas at a pressure of 2-10 mTorr

as measured absolutely by an MKS Baratron, The c¢xit slit of the chamber

.is the entrance slit to o McPherson 1-m vacuus ultraviolet monochromator,

La end L, radiation was detected by a Bendix Channeltron and an EMR 541-~F

B
photon counter, respectively, The detectors are coupled to am SSR pulse
counter. The radiacion detected is in line with the direction of the

ion beam. Cross section determinntions assume igotropi¥ emission of

- radiation from the reaction zone and neglect polavization., -

The quantun efficieﬁcies of the detectors were interpolated from
the data supplied by the manufacturer. The method of estimating grating

reflectance has been outlined prcviously.z

Results and Discussion

A gpectral scan of the vacuum-ultravielet (VUV) region for the

reaction of 100 oV, lab He+ ious with hydrogen sulfide is shown in Fig. 1.



9+
#
- |
-The first three mombers of the Lyman series are indicated in the figure.
Because of intensity consideratjions, crosa sections only for I? and LB
are reported. The emissicn crosé section fortn serles of reactions of
100 ¢v, lab te’ fons are summarized in Table I, In ecach case Lh and Lﬂ
emission linos ave the dominant features of éha vy region.: No corre&tions
for cascading have been applied. The relative fntensities, however, imply
that these effects would be negligible for these aystems. It should be
pointed out that only cmisainns-from short-lived (< 1 us) excited species
would be monitored by cthis apparatus. The mgtqst#blestatellst) would not
be detected. Only in the case of tﬁc hydrogen reaction are absolute
cross—section data available in the literature, As discussed in the
previous study on hydrogen,2 the crogs section for Eu emission is im
excellent agreement with the data of Dunn.'gg.gg,a The cress section tor LB
i3 approximately 2.5 times smaller thap the value determined by Cusev,
_glgi.ﬂ For all of the polyatomics studied, the cross section for Lu
emission cxceeds that for-LB emission by a factor ranging from 5 to 25.
The level H{3) lies 1.8% ¢V above H{2) for an isolated R atom. The
differences in the crogs sections ré[lcct the probability of producing
H{3) and LB(Z) in a reaction at 100 eV,

In general, the larger polyatomics exhibit considerably smaller ctross
sections for H-atom excitation, Overle.%ing hydrogen which has been treated
previously,z the largest cross sections for Lu emission arige from the
reactions with “28' HZO' NH3
crose section for Lyman alpha production in these four reactions is

and CHA. The kinetic ene~gy behavior of the

displayed in Figs. 2-5., All of these reactions exhibit similar kinetic

energ dependence in that there is a threshold region below which the

i



reaction is of low probability an& above which the reaction cross secti
imercases mon&tonically to the highest energy"aﬁudiod. The cross scctiod
for Lyman alpha emission in the reaction with st appears to remain
approxiuately constant in the vicinity of 100-150 ¢V, lab. The cross
sectional dependence of the Lyman beta emissfon shown in Fig. 2 displays
a8 sinilar kinetic energy dependence.

Two factors combine to meke a precise kinetic energy threshold detcr-
mination difficult except in favorable cases, First, below 10 oV, lab
there is a gradual decrease in fon flux through the collision repleas, vesulting
in large correction to the observed counting rate. The sccond effect is
reiated to the fnstrument geometry. The in-1inc geometry allows the
detection of some reactive events occurring in the deceleration lens
which 1s adjacent to the collisfon chamber. Cormctions9 for this usually
amount to ~ 20-40% of the observed count rate for 100 oV He+ fon impact,
The absolute magnitude of this correction does not change appreclably
over the entire kinetic energy region; however, this results in a very
poor signal- to-noise ratio at kinetic energies in the vicinity of the
onset. This necessitates longer counting intervals. The kinetic
energy thresholds, estimated from Figs. 2-5, are summarized in Table IT,
No attempt to corrvect for the doppler ectffect or the primary-ion encrgy
spread has been made. Because of the relative masses of the reactants,
calculated enthalpy changes are listed in Table II for two possible

excitation reactlon steps

et + R-H » kY + H(Zp) + He (1)

Het + R]'-ilz + &Y 4 uezp) + W+ He (2)
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It is not pessible iIn thase experiments to distinguish between Reactions (1)
and (2). For example, interaction of 30 eV, lab et fons with CH&
produce o,", o’ cnz*. ci*, and ¢* fonic products.’? Although cnz’"

is the most abundaunt ion #ro&uct. noe direct correlation between H{2p)

and a specific ion p%odﬁct can be madé. For 100-eV ions striking CHq, the
cross section for Lyman alpha production is 0.2 32; this may or may not ba
comparable to the cross section for CH3+ or CH3+ formation. There is no
absolute data available in this energy range.

A strong analopy exists between the results Bf this‘;fudy a;d the
He+?Bz systcm.2 All of the kinetic studies indicate endoergic excitation
processes, In these systems the transfer of kinetic into reaction
energy to produce excited prodﬁct specles is Important. Very selective
reaction channels appear to be available which are;determ}ned by symmetry
considerations. As more data become available on the partitioning of
kinetic cnergj'into reaction chamnels, it bhecomes qﬁite clear that

frequently the meost prohable chananels involve excited electronic states

of the products,

19«
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Species

Ao na it

i,

P,

“23

H20
NH3

’ CH4

CD4

C2H2

Cqtlg

C-04H8

C6II6

Table 1}

. .

EMISSION CROSS SECTIONS, 100 eV lle

He' + ML, L
11

g

Cross Section
a(en?)
0.46 1.7
0.69 2.7
0.54 K
0.51 1.6
0,23 1.5
0.20 2.0
0.20 1.7
0.09 1.3
0.039 0.51
0.037 - 0.67
0.013 0.1%

Ratio

LBfLax 10

3.7
3.9
5.7
5.2
6.5
10.0
8.5
14.0
13.0
~-18.0

12.0

i



Table 11 |

KINETIC ERERCY THRESIOLDS FOR LYMAN hl.ﬁ!lA EMISSTONS

System
:.‘.

He' + C!Iz'
'.‘.

ll’e _+ llZS

He' + i,

net + 1,0

it

Kinetic Energy Threshold

Enthalpy Ch{mgca
to Form i#(2p)

{eV) . {eV)
54 1.6 -0.08%; +5.34°
S+ 1.8 +0.05%; +3.61°
2.6 + 1.6 +1.39%; +3.65°
6.1 4 1.6 +3.91%; +8.85¢

%eats of formation based on tabulations of Ref. 11.

bCa}.culation assumes reaction of the form

+

He' + R-H » BT + H(2p) + He

”cCalculation assumes reaction of the form
He' + R-H, + R 4 0 4 6(2p) + Mo
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COLLISION-~INDUCED DISSOCIATION OF 003"

Kichard L, €, Wu

Systems Rescarch Laboratorles, Inc.
2800 Indian Rippld Road
Dayton, Chio 45440
T, 0. Tiernan

Aerospace Research Laboratorics
Chemiatry Research Laboratory
Weright Patterson Afr Foree Base, Ohio 45413

ABSTRACT

Collision-inducced dissociation reactlons of the molecular negative

20 %

and N02) have been Investlgated in an in-line tandom mass spectrometer.

ion 003- lupacted on varlous target gases (He, Ne, Ar, Kr, Ne, N

These processes oxhllbit endothermic thresholds, The energy dependences
of the cross sectionn aré-compnr;d with-thcse predicted by the statistical
theory. The dissoclation energy of the melecular ion C03“ was deter-
mined from the measured cocrgy threshold and was used to calculate the

1]

electron affinity of o, molecule,
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INTRODUCTION
Recently, tha collisional phenomenﬁ and thermochemistry of the 003"

ion have been subjects of extensive investigation because of thelx

1,2 3,4

importance in the fields of aacronomy “and radiation éhemistry.

The dissociation energy of Oh-CO2 has been measured by various researcherss'ﬁ'7
and found to vary from 1.8 to 2.0 eV and the electron affinfty of 003

has been calculated and found to range from 1.88 to > 2.97 eV¥. The

‘tcchniques used in the experiments reported above were photodetachment,

photodissoclation, and flowing afterglow processes.

In the present study, the tandem mass spectrometer was used to study
the energy dependence of the cross section for collision-induced
dissociation (CID) of 003- upon various target molecules. The post-~

threshold behavior of these processes was compared with the prediction

of the statistical theory of Robick and Lev-ine.9 The energy dependence of the

" eross section is assumed to have the form A(Etwﬁo)n!Ercl, vhere Et and

Erel

are respectively the total emergy and the rclative translational
energy of the reactants and E, is the threshold cnergy. The exponent n
depends upon the mechanism of the process, with 1.9<n< 2.2 for a "direct"
nechanism and 1.5<n< 1.8 for an “indirect'" mechanlsm, For a given

CID reaction, the calculated threshold function was convoluted, with the’

calculated center of mass energy distribution arising from the rhermal

motion of the target molecules and the energy spread of the incident—ion
beam. The calculated cutrves were then fitted to the experimantal cross
section to obtain the true energy threshold and the approprinte values
of n. The dissociation energy of 003- was then determlined from the

erergy thresholds and was used to calculate the electrow affinity of

the 003 molecule,

4ou e - s



EXPERIMENTAL

The experiments were conducted using a veceutly modified in-line !
tanden mass spectrometer, The_instrument-haé been deseribed

10,131,120 a result of the installation of a 1000 &/sec

previously.
oil diffusion pump and the reduction of the size of the electron-entrance
and fon-exit slits, sufficiently high pressures can be achievad fn the
first-stage ion source to generate the secondary or High~order 1&n
products of jon-neutral collisions. The mass~ and energy-analyzéd primary
ions were injected into the field-free cellision chamber cuataining
various target molecules. The product inﬁ was then analyzed by the
" second-stage mags spectrometer which was fixed at 0°'§ééttering 5néle.
Pulse~counting techniques were used to measureitg; product fon cérrents.
The temperature of the collision chamber was maintained at 160°C in
the experiments reported. The.encrgy spread of the ijon beawm was about
0.3 eV {lab) . over the cnergy range 0,3~180 eV,

The primary fon of 003_ was formed by electrom impact on a. gaseous-
mixture of 002 and N20 at Wigh pressures, Currents of COéu genefated
in this manrer were on the order of 50-200 PA. In order to ascertaln
whether a single collision had occurred 1n the collision chamber, the
pressure of the target molecules was varied from 10-50 p. All veactions
showed a linearity over this pressure rangé. The experiments were cafried

out at a pressure of 50 p in order to obtain reliable cross sections.

All cross sections were evaluated relative te the absolute cross section
13

of 63 Rz at 0.3 eV 0 energy for the o“fuoz charge-transfer,



ABARLYSIS OF DATA

JBhreshold Behaviox

9,14 15,16

Theoretical predictions ag well as experimental studies
of the threshold behavior for CID reactions involving a colliding
pair (A + BC) which ﬁelds three proddcts {A+B+C) hnvé showm this

behavior to have the form

o= A(E, ~ Eo)n{Erel (1)

Et? Erel' and Eo ﬁaviug been defined previcusly aund A being a functioa

of the internal energy of the reactant (BG). Thus, the cross section
would be zero at the threshold and would increase monotonically with

the kinetic enexrgy of the reactant according to the mechanism of the
process, If the experiment were carried out at an infinite translational
energy resolution, the exper{ﬁental data could be_parameterized according
to Eq (i), from which the valueg of A, E, and Eo would be obtained.
‘However, in the preseat study a distribution exists in the cifective
center of mass energy. Hence, the results were treated.as described

below.

Corrections for Energy Resoliutions

Two factors limit the cnergy resolution in the present experiments —-—
principally, the thermal motion of the target molenuﬁeé and the fon
energy spread of the incident ion beam. The former effect is well-known
as Doppler broadening.l7 The energy distribution cauvsed by the thermal
motion of the target molecules in a system wvhere the moneenergetic
iort beam collides with tarpget molccuies having a Maxwellian distribution

has been discussed and derived in detail by Tiernan, Nughes, and Lifshitz.13

<7<
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Thée cffective energy distribution in the laboratory system is expressed

-,

w
by

: ' 2
. : (E! -f )
werrmy o 4 [0

1/2 is the Doppler width as well as the half-width

vhere A= 2{(mE ix;i'/M)
of the probability distribution at 1/e of the maximum height, m and M

are the masses of the fon and target molecules, respectively, T -.s the
temperature of the targci molecules, Bi.is the translational enexgy of

the ion beam, and K is the Boltzmann's constant. Houeﬁet, in the tandem
mass spectrometer used in this study the dist?ibution of the encrgy

spread in the Jncident ioﬁ Ei haa been found to be a Gaussian function with

a full-width at half-maxinum (FWIR) of ~ 0.3 V. Thus the encrgy

distribution of Ei s assunmed to be

' 2
(E, -E, )
1 1 i io
N(H ) PR S wasme OXP — ......;‘ (3)
i (“)1/2 0,2 0.22

with the most probable value being Ei==E . Therefore, the effective

io
energy distvibutfion in the laboratory system arising from both the thermal
motion of the target wolecules and the energy spread of the incident
ion beam becoumes
PSS
8 - a1 gy
W(E') = f W(E {1—.1) W(Ei) dF.i _ {4)

-

The distribution of Eq (4) is, in general, broader than that of Eq (2).
It Is notable that these collistons which involve a relatively heavy
ion and light target molecules are those for whlch.Doppler broadening

fs most seveve, e.p., for the CanfNe collision, the elfective cnerpy

L8



digtribution of Eq {4) is neerly the same as that of Eg (2). On the
other hand, for the reaction of a relatively light fon with a heavier
neutral target such 38-803“/Xc. the fon energy spread {Eq (2)] will play
a motre important role imn thelfinal evaluatio% of'th?"eﬁeﬁﬁ? diéﬁ%ibutiﬁn
in the system. |

Typical results obtained from the calculation described are
111ustfated in Fig. 1 for'the coa'/xc collision at an 003" laboratory
energy of 3.6 eV and a temperature of 160°C. Fig. 1(a) shows the
energy distributions of Eq (2} (selid 1ines)land Eq (4) {dashed lines).
Figure 1(b) shows the ion energy spréad of Eq {3}. It is shown that
the effect of the ion energy spread on the total effective enerpy
distribution is less important than that of the Doppler broadening in
this study., The FWIM of the effective cnergy distribution in the
laboratory cnergy for the CID reactions of 003— are found to be 0.88, 1.25,
2.13, 3.50, 2.69 and 2.75 oV, respectively, for the target molecules

and N,.

of Xe, Kr, Ar, Ne. 02 2

Techniques Used

A& convolution technique was utilized in the analysis given below.
The energy dependences of cross sections was computed by convoluting
the above effective cnefgy distribution {Eq (4)] with tho. assumed threshqld
function £{E') accor&ing to
| o

"f(E) dE = f £(E") W(E*) dE' (5)
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In the present sﬁudy the statisticgg ﬁheory was adopted in order to

describe tbe behavior of the cross section {zero value at threshold--ne
step). The reactants nnd'tﬁe'products wefe assumed to bé in the ground
state And A to be independent of the 003' 1nitin1 gnaté; therefofa, the

asgumed threshold function £{E') is simply

£CE') = A(E' - Eo)“na' | {6}

For a-given CID process using Eq (6), the computed threshold functionms
having different values of Eo and n were then convoluted with the caleulated
effective energy distribution [Eq (4)). These calculated curves were

then compared with the experimental results to obtain the true threshold

enexgy (Eo) and the appropriate value of n.

RESULTS AND DISCUSSTION

Translational Enecrpgy Dependence of the Cross Section

The cross section for the CID reaction

003'+x+o°‘+coz+x €3]

was studied as a function of C03- ion translatibnal energy for various
target molecules, and tesults are shown in Fig. 2. In these reactions,
typical endothermié bchavior is exhlbitcd}-_#ﬁ tﬂé fégi;n near the -
threshold (~ 1.8 eV), the energy depénden;c shoéé thﬁisﬁncntial increase
{no sharp step) followed by a lineaf rise.fo a ﬁﬁxiﬁu; E~ 6 eV (6M)) and

then a gradual decrease. Thus, the statistical prediction of the

threshold behavior was utilized to describe the experimental observations.

gt
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% Figure 3 shows the calculated crogs section ns o function of laboratory
“encrgy (solid 1ine) fﬁr the CID of 003“ impqcted on various target
molecules, These curves were obtained by ¢0nvoiuting thae energy-~
digtribution functions with the assumed statisticéimihreéﬁalé functions
(dashed lines); experimental data puirts are alse shown. It was found
that a good fit to the experimental resultshcould be obtained over the
entire energy range of 2-6 ¢V (CM) with appropriately chosen Eo and n.
The uncertainty of the values of E  and 0 1s on the order of * 0.1.
Table I contains the values of Eo and n which give the best f£it to the
experimental data. Values of Eo obtained from phqtodissociation measurenents
made by various resesrchers are also included for comparison purpeses.
The exponent n given in Table T varied from 2.0 to 2.5; according to
the statistical theory, these CID processes are direct mechanisms--not
totally uncxpected in vicw of the structure of the 803- ion. Thg
ground state of 003“ is believed to be & irigonnl atyucture having C

2v
symmetry with an 0-C-0 valence angle of ~ 120°.18 Hence, 1t is

F— Eatd

unlikely that an intermedliate complex s'fﬁf;ed'éhring the collision
process.

The dependence of the cocfficlcuf A inlﬁq 1) Lﬁou iﬁterﬁal enéfgy
of the reactant has been shown te affect remarkedly the CID reaction cross

secticns.g’lg

1n general, the cross scctions should fncrease and tho
translational enorgy.ghrcshold decrease as the reactant vibrational
exclitation increases. .In recent photodissociation cxpariﬁent by Cosby
and Moseley,zo the possibiliry of the cxlstence of some vibrational

excited states of the 003_ wag discussged, ‘ﬁoucvﬁr, as shown ia

Fig. 3, excellent fit to the experimental data was obtained for various

a1



torget molecules by assuming A to be equal to a constant and no apparen

lewer the translational cnergy threshold was observed. Thus, the effccté
on coefficlent A due to the vibrational axcitntion of  the initial 003

ion, if any, may not be imporcant in the present study,

. Thermochemistry

it 15 assumed that neither the reactants naf préduéts are in the
excited states at the threshold, The average bond dissociation energy
of'O"-?CO2 was caléulnted to be 1.95 + 0.1 eV fronm Q total of gix experi-
ment iuvolving various target molecules. This value is in excellent
agreement with the photodisseciation values of ~ 1.8 ¢V found by
Beaty et ul.,s 1.86 + 0.0l oV by Vestal et nl.,6 1.93 by Cosby et al.,20
and ~ 2.0 &V by Moseloy et n1.21 This value is alse in excellent
agrecment with the flowing afterflow value of I2.0I;l_-' 0.2 eV found by
Ferguson et al.7

In the present study, the formation of 003 takes place by electron
,:lmpacl: oh the gascous mixtures of N20 r.md 002, whereaq. in a number of
photodissociation experiments, it takes place by electron impact on
pure 002 (Vcst316 and Hoscley21) and by electrical discharﬁc on the
gaseous mixture of o, and 02 (Beatys). Although the source of the
formation of the 803- ion is different in these experimenté, the
observed thresholds are the same within expc-t‘in;cnt&l.l errur.ﬁ This leads
to the conclusion that the 003- ion formed in the present experiment
is indeed in the ground state.

. The beat of formation of 003- can be calculated from the thgrmodynamic

“eycle as follows



P,

PR My =195 ®

603 +X+0 + 002

then, AH, = MM, (07) + st (CO,) - au:f(co3').

2)
Thus,
_A-ut.(cos ) = Auf(o ) + Allf((‘.(lz) - mR

22

= 1.053%2 - 4.078%2 - 1.95

= -4,98 + 0.1 eV

The heat of formation of the CO, molecules s e¢qual to ~43 & 5 keal/mole
(~1.864 + 0.22 cv).? Thus, the clectron affinity of 003 may be calculated

from
EA(CO3) o Auf(003) - buf(co3 ) ' {9)

s 1,866 + 4,98 = 3.1 + 0.2 oV
vhich 1s comparable to thé.lower~11m1t value of 2.9 eV reported by
Ferguson et al.? who used the flow-afterglow technique, and to the
lower-limit value of ~ 2.7 eV reported by Moseley ct al.21 who used the
" photodetachment techaique. The value of 1.8 eV repoftéd'b} Burt8 is
beliﬁved to be too low far‘fhe ;ame reason given bylféféus;nlétlai;7
who suggested that photodissociation 1nstead-of photoﬂctachment may have
occurred in Burt's experiment. Ferguson's argument has been confirmed

by Moseley et 31.21 who reeently repeated Burt's experiment,

The charge-transfer process,

CO~ + NO - NO,  + products Mt = 1.3 % 0.2

2
was also found in the present investigation to be endothermic by

.3 + 0.2 eV, as shown in Fig. 4. By assuming the reaction according to

10



003 + N02 + NOZ + 003 | ﬁHR = 1.3 (11)

23

and taking the electron affinity of KO, to be 2.3 eV,™ the electron

affinity of €04 was ealculated to be

EA(GO,) = EA(NO,) + M,
= 3,64 0.2 eV

which ie greater (by 0.5 eV) than the value of 3.1 + 0.2 eV found from

the digsociation energy of 003 However, 1f the above charge~transfer

reaction occurs as

€0, + NO, » NO, +0+¢C0, AH, = 1.3 (12}

3 2 2
then, the heat of formation of 003~ is cnléula;cd to be ~5.0 + 0.2 &V,
which 1s in excellent agreement with the value of -4.98 + 0.1 eV
determined from Eq (8) in the present study. This provides an internal check
en the thermochemieal process. The hwat of formation of 003 is ﬂﬁf =
~1.864 + 0.2 eV, which teads-to n{o ~ CO:) = 0.39 40,22 oV; for the above
charge~transfer process {(10), the reaction {12) is probably more favorable

than the reaction {11).

CONCLUSIQNS

-

The collision-induced dissociation of 003 has been shown te exhibit
endothermic thresholds. The threshold behavior agrees well with the
prediction of the statistical theory, the expeonent n ranging from 2.0 to
2.5, These processes proceed through a dirvect mechanism.. The bend-
dissociation energy ond heat of formation of 003“ are determined to be
1.95 + 0.1 and -4.98 + 0.1 eV, respectively, and the clectron affinity

of €O, is calculated to be 3.1 + 0.2 oV,

3 G
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

FIGURE CAPTIONS

(o) 081CUidtcd relative energy dlstributions, H(E'Iﬁi)
{solid line) and W(E') (dasﬁed lincj, for the reaction
pair CO3HIXQ at 3.6 oV 603' iaboratory energy at 433°K,
(b) Calculated rclative onecgy distributinn,-w(ﬁi), for

the incident fon energy apread,

Energy dependence of the cross section for the collision—
induced digseclation reaction of COB- with rare gas atoﬁic
and molecular targets. The base lines for soeme experiments

arve shifted as indlicated In the graph,

Caleculated cross section as a function of laboratory cnergy
(s0lid line) for CID reaction of 603- on various target
molecules at 433°K; obtiained by convoluting appropriate
energy distribution functions with statlstical threshold

funceions {dashed linec). Toints are experimental data.

CRosg scctlon (arbitrary unkts) as a function of nominal
center of mass cnerpgy {cV) for the reaction

003 + N02 - NOZ + products,
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Best £1t values of'Ro and n obtadned by convoluting ciﬂA(B-—Eu)"j;

Table 1

with the energy distriburion for the collision~induced dissociation of

co.

+x«€+c%+x

Target " Eo Fa (Lic.)
Gas (+ 0.1) (+ 0.1 oV)
5
Xe 2.2 1.9 1.8
Kr 2.0 1.9 1.86 + 0,018
Ar 2.2 1.9 - 1.93%
Ne 2,0 2.0 - 2,07
0 2.4 2.0
2 2.0 + 0.27
N 2.5 2.0
2 .
Ave,  1.95
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ABSTRACT

Collision-induced éiasoéiation of N29" by six rare gas and dfatomic
target g#ses yields an.dverage valu: of 0.43 + 0.1 eV for the disaociaéion
energy D(Nz—ﬂo'). This measurement aloﬁg with literature values for other
quantities leads to an elec.tron_ affinicy of 0‘.22- + 0.1 eV and a and
digsociation enecrgy D(N-NOT) of 5.13 2 0.1 «¥, These values pertain to the

b Initio LCCG-MO SCF and OVC-MCSCF eamlculations

e

_XZA' ground state of‘N20~.
‘on the potential endrgy surface of this state show that it has a2 minimum
in Cs symmetry with an N-N-0 angle ﬁear 125°, The geometry of each
ninimum has N-N and N-O bondzlengtha that ave approximaiely 5 and 15%
greater, respectively, than the bond lengths in neutral N20 (x1f+). The
compﬁted rinimum energy geometry at the SCF level with a& better than
double~zeta quality basis set is, within a precision of 2%, RNN==1.20 R,
RNO=-1.38 R, 0NN0==124°. The valence force field force constants for

N-N stretch, for N-0 streteh, and for bending ave found to be 11,5,

3.9, and 0.65 mdfﬁ,m;espeqtively. at_this géomgt;y.
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1. ; INTRODUCTION
The potential enérgy surface of the sz'(zﬁ) gfound state of the
nitrous oxide negative ion NZOF has been of ‘some coacern in recent

ycars.lnll This molecular systom 1alinterest1ng in that the possible

ionospheric associatlve detachment reaction

o %) + nztxlx‘g) > nzo(xlx*') +e+ 0,21 eV w

2-6

is not observed in laboratory experiments at 300°K, The uspper bound

to the rhermal rate constant hag been placed at 10 to 13:10"13 cm3!s by

5335 the origin of the low thermal rate for this

various experiments.
oxothermic reactlon may be discussed in tcrms of the characteristics of
this XZA' ground state potentianl energy carface. This surface connects
adiabatically to the veagent asymptote, O-(ZP), Rz(xlaz).ll The effects
of increased vibraticnal tempevature, whichhis common in the ionosphere
but which has not been investigated in laboratory experiments, can algo
wbe discussed in terms of this potential surfaéc. Knowledge of this

gurface can also contribute to the understanding of the recombination .

reaction

-2 1.4, M - 2
O (P + N2(x ):g) > N?_O (X“AY) _ (2)

© and the dissociative attachment reactious
N 00N + oo N2(x1::;) NG 3)

This paper presents some experimental and theoretical studies conducted
‘to characterize the Nzo"(xza') potgntial cnerpy surface, The results
of collision-induced dissocintion experiments including corrections

for Doppler wotion and fon encrgy spread arve presented in Section 2,



followed by a presentation of 2&.3&&5&2 LCBF-MO-5CF and OVC-MCSCF calcyations
in Scction 3. Section 4 is a discussion of the present results including
comparisons with previous werk. Conclusions are then mad~ in Section 5.

© 2. COLLISION~INDUCED DISSOCIATION AND CHARCE-EXCHANGE
EXPERIMENTS WITH "20-

A. Apparatus
The ARL in-line tandem mass spectrometer was utilized in this study.

12f13 In brief, it consists

The instrument has been described previously.
of two double-focusing moss spectrometers connected by a fleld-free
collision chamber, The priwary ion is foried {a the ion source of the
first stage mass spectrometef which produces a wass and energy analyzed
beam. In this study the primary ion of Nzoﬁ w;s fofmcd by electron impact
on N20 nolecules at bigh pressuces (= 0.1 y):

N20 N20 N20

-k -
NZO(K12+) + e+ N0 (sz') =y e MO (xzi\') - (&)

-k )
It is estimated that Nzo suffered approximately ten collisions within
the source chamber and that exiting Nzo- was, thug, predominately in the
ground vibrational state. The encrpy spread of the fon beam 1s about

12,13 The

+ 0.3 eV (LAB) over the fon cnergy ronpe 0.3 to 180 eV (LAB),
second stage mass spectrometer was used to analyze the masses of the
product iong formed in the collision chamberi‘lfp}§e'§?unt}ng techniques
were used to measure the product ion currents. The collection stage in
this instrument is fixed at 0° (LAB) scattering angle. The temperature
of the collision chamber was waivtained at 160°C and the.preSSure was
varied from 10 to 40 p. The product ion Of_signnl intensity was linear
over this target pas pressure range Indicating that single bimolecular

collision events N20— + M prevailed.  The experiments with the various

target gases were, thug, carrled out at a tavget gas pressure of 40 56
Lt b



in the collision chamber in order to obtain a high 0" product iOﬂ.
intensity while yet malntaining single collision conditfons. Production
intensity IP was converted to an observed_crose gection %obs via the
.relationship.

s Bgo) = @ 1plE; VI (B, ) n | (s}

vhere Iitﬁio) is the primary fon intensity and n is the target pressure.
The converslion factor a was determined from the reported absolute eross
section {63 KZ, Reference 14) and the obgerved product ion intensity at

0.3 eV reactant fon encrgy Y (LAB) for thc charge transfer reaction
-2 2 3 el ]
0 (7P + NO,(X°A)) + 0CTP) + MO, (X"A;) + 0.81 eV (6)
See Fig. 1.

B. Threshold Behavior and Corrections for the Ion Enerpy
Distributicn and Doppler Motion

The threshold behavior of the total crolss scction ¢, ‘for collision

induced dissociation reactions

RE+M»M+R+8 ’ ’ C e €)]

is known from theorctical cansidcrationsls and experimntal studiesm-l9

to be well approximated by the functional form

n i - . N
o(E 1) a A(Et -E) !hrcl (8)

re

In Eq (8) Et is the total encrygy (C.0.M.) and chl the relatlve
translational energy of the reactants; is tho threshold total encrgy.

The exponent n depends upon the mechanism of Reaction (7):  the range

47=



T %

1.9 Tn < 2.2 corresponds to a direct process, and the range 1.5 <n<1.8
gj - : ' - .

to an indirgct. prucens.ls The coefficient A 48 a Cunction of the internal

energy of the reactant RS.IS -

In the present beam-chamber experiments the observed cross gection

is related to the absolute cross section Ly the integral equation

«© oo

°obs(Eio) = dgi / d“m f(F‘i.h?'j.o) f.(“m) omrcl) (9)

o Lo

where Eia is thé set~point of the ion beam enexgy in the laboratory frame,
. gi‘is the laboratory encrgy of the fons woving along the axis directed
through the collision chamber, U ig the speed of the target molecule M
along the same axis, and f(EilEIO) is the distribution function for the

lon energy about the set-point E The latter function is assumed to

io*

be of the form

) £(e e, ) = (am) "t expl~(E, - nio)zmzl ar, (10)

where the parameter a {g determined to be 0.2 by the requirement that the
half-width-at-hal f-maxinum be 0.3 ¥, It is further assumed in Eq (9)

that f(um) is the one-dimensional Maxwellian distribution of target gas

R

molecular speed u

12 exp(- %'m u ZIkTmJ dum (11)

f(u) = n m/Z'ﬂkTm)l o

with L being the wars of the target motecule, k, Boltzman's constant, and
T, the rarget gas temperature. lLastly in Bq (9}, E o1 is the center-of-
mass collislon cnerpgy

1 2
l‘:m-.l 2 "(ul - um)



with the reduced mass p and lon speed ug being

f
B mml(mi + mm) ' . (13)

Cug = (28 /m )M (14)

and n, being the ion mass. The ion encrgy distribution function of
f(Eilﬁio) givan 1n Eq {10) has beca previously cstablished for the ARL

12,13

The absolute cross section o

tandem mass spectrometer. (Erel) is

obs
assumed to have the form of Eq (8); since the reagent molecules are taken

to have no internal excitatien the total enerpy Et reduces to'Brel. in
some places this function 13 compared to experiment on the laboratory

energy scale with all energy of motion attributed to the‘ion

'
Ei = ((mi-‘l-mm)hni) F‘rel (15)

in which case¢ the mass factor 1s rafsed to the (n~ 1) power multiplied

into the constant factor A to form a new constant A,
O(E.) = A'(E! =1 )"/1 (16)
i i o ‘i -

in this case, of course, F.Q is obtained in the laboratory scale, Optimum
values of the parameters RO and n arc determined for cach target gas by
means of a grid searcﬁ procedure. Visual comparisons of plots of “obs(Eio)
| as evaluated from Eqs (8)-(14) wlth the observed data were made for all
combinations of n = 2.1, 2.2, 2.3, 2.4, and 2.5 for EO(COM) = 0,3, 0.4,

©.5, 0.6 eV,

49



C.., RBesults
A lower bound of greater than zero for the electron affinitx for N, 0
was established by the observation of m/e= 44 negative lons from electron
impact on Nzo gas.
An upper bound to the electron affinity of uzo was established by

" 8 study of the cross section for the charge transfer reaction
=l Iy oo vl + :
N0 (X°A') + 0,(X L) + 0, & ng) + Nzo(x’x ) an

The results are shown in Fig. 1 along with the standard charge transfer
Reaction (6)}. The cross acction for Reaction {17) was found te decrease
monotonically with the translational energy of the incidentrnzo- ion
from tbe lowest energy obtainable, 0.3 eV, to above 8 ¢V. This result
indicates that Reaction (17) is exothermic and that the electron affinity
of Nzo ig-.smaller than the electron affinity of 02. The electron
affinity of 02

has been determined to be 0.45 + 0.1 eV by various
researchers uvsing differing techniqucs.zo -

Direct determiqationa of the Nz-Of bond dissociation energy -~ and,
thence, the electron affinity and the N-NO  bond dissociation energy were
then undertaken. The eross sectlon o{ﬁio) the collislon-induced dissaciation

Reaction (), where R = N, and § = ¢, was measured as a function of

2
the nomipal fon encrgy Hio for cach of various target molecules M = Xe,

Kr, Ar, Ne, He, and N The results are shown in Fig. 2. All of these

2.
reactions exhibit thresholds and, thus, may be cxpected to be endoergic.
In the threshold region the eross sections show exponenti.l increase,

followed by a linear rise to a maximum, and then a gradual decrease. In

order to obtain the true cnergy threshold for each reaction the cenvolution

: 50~
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teci;iquc descr thed nbové in Egqs (8)-{14) uaslemploycd-to resolve the
energy distribution fesulting from the fhermai motion of the target :
molecules M (boppler correction) and the energy spread of the incideng
ion beam. In Fig. 3 theléalculated cross sections [E& (9)5 for 0” from
Nzo- _ Ne at 433°K are drawn as solid lines for various combinations of
Eo and n. Visual comparisons with the data, which are shown as solid
points, show that the com;-mted cﬁrve with EO-OA ev ;md n=2,3 is the
best £it., The uncertainty in the valves of E, and n 15 on the order of
+ 0.1; these error limits are estimated from the ranges of'E0 and n which
yielded a geod fit o the experimental data., Figure 4 compares the best
fit curves [Bq (9)] for all of the target molecules The values of Eo
and n defining these best fits are tpbulated in Table 1. The dashed lines
in Figs. 3 and 4 are the unconvoluted cross section functions [Eq (L6)].
From Table T the average value {or the bdnd dissociation encrgy
D(NZ-O-] iz 0.43 + 0.1 eV.‘ This result is bascd on the assumption mentioned
above that neither the reagent nor the product molecules are internally
excited near threshold, The electron #ffini;y of 0(3P) is 1.47 cvzo and
the dissociation energy D(NZ-O)-is 1;63 eV.21 From théac values the
clectron affinity of N,o(x'n™) 15 0.22 % 0.1 ev. The bond dissociation

energy D(N-NO) and the electron affinity of NO(ZH) are 4.93 cV21 and

20

0.02 eV,“" respectively. Thus, the bond dissociation energy P(N-NO™)

1g 5.13 + 0.1 eV,

Si~



3. AB INITIO DETERMINATION OF THE EQUILIBRIUM GROMETRY AND

FORCE CONSTN\\TS OF NZO"

A, Method of Calculation

2&'(2H) state

Calculations on the-patential cnergy surface of the X
of Nzo- were carried out with both a single (SCF) and a mﬁlti-configufation
(MCSCF) wave function., The calculacions were made with the BisoNMe and

22,23

POLYINT codes with 4s3p contractedza Gaupslan basis sets.z5 The SCF

detarminant was

2, .2, 2

Cs: 1a'22a'233' 4a 35'263'273'283' 2. w2, 02

Qa'zlﬁu' 1a¥"2a
(18)

. 2,2, 2,2 2, 2 2.2 2 2.2
Cﬂv. 10720736 4a"50 6o lﬁx?a Zﬁx3nx1uy2ny

The MCSCF wave fur~tion was developad for the linear 7 state by the
sequential consideration of doubly execited configurations to correlate the
8¢, 94, and 3w orbitals. The 15 configurations of the present MCSCY

wave function are listed in Table I aldng with their welghting cocfficients
at selected geometrics. While the MCSCEF conflguration list has not been
optimized at a geowmetry n.oar the minimum of the XzA' potential surface,

i£ éﬁoﬁia ﬁ;‘£;31c4££ve of the effects of correlation upon the minimum
located {n the extensive scn; with the single determinant wave [unction,

The MCSCF molecular orbitals are presented in Tables ITla and IIIh ac

the first and third goometries of Table 1I.

B. SCY Equilibrium Gcometry and Force Constunts
The SCF bending curves at various comhiunations of bond leogths

{RNN’ RNO) are displayed in Fig. 5(a). These results, along with an

examination of these of Fig. S(b) as they werc obtained, fndicate an

21,05 k% and RS = 1.15 RS

equilibrium geometry near 125 with RN\ NN NG N0’

SRS

i0
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where Rax and REO are the equllibriuvm values for N20(313+)- Figs. 5(b)

and 5(c) give the SCF winfoum at RNN=2.27 am., R =260 a.u., and

NO
BNN0=-12&°. The valence ficld force constants at Fhis geonetry are
shown in_?nblo IV.. The bending force constant is computed as the second
derivative of the bending potential 1n‘F1§. 5(c) divid;a by the bond
lengths given above from Fig. 5(b). Iihc bond stretch force constants

were conputed as the second derjivative of”the potcntiai-curves given

in Pig. 5(b).

C. MCSCF Bending Curves

The bending curves obtained with the above dcscribed 15 configuration .
MCSCF wave function are shown in Fig. 6. Comparison of these curves with
the corresponding SCF curves in Fig. 5(a) shouws that the corrclation
enerpgy added by the 14 extra configurations in the present MCSCF wave
function do not have a strong effect on the Reometry aﬁd shape of the
potential minimum, This 1s, of course, to be expected from the high

cocfficient of the main configuration. Sce Table II. The MCSCF and SCF

[t

-potential energy surfaces are compared in Table TV,

4,  DISCUSSION

A Interpretation of the Collision-Induced Dissociation
Kesults in Terms of Theory

The statiscical theory derived by Rebick and chiqgls is found to
"satisfactorily describe the threshold behavior of the collision-induced
disgociation reactions of N20_ impacted on five rare gas and N2 diatomic
molecules. The exponent o given in Table I ranges from 2.3 to 2.5 for
the various target gases. This range is larger than the upper limit of

2.2 gtven by Rebick and Levine, but it is contained by the upper limit

11 56‘.‘



derived by Levine and Bernstein.zﬁ By comparison a range 1.4 to 2.3 wasg

18

reported by Haiet16 and by Parks, Wagner, and Wexler = from their studi

i
of the collision-induced dissociation of positive ions, According to the

sgatistical theocy leadinglto Egq (9) tﬂe collision-induéed dissociation
reactions of nzo” examined in the present work are dirvect processes.

That these processes do not involve the formation of an intermediate '
collision complex is not totally vaexpected since the target gases eméloyed-
were composed of closed shell molecules of esgentlally zere electron

affinicy.

B, Electron Affinity o[_NZQ
The electrom qffiﬂity of the N,0 molecule has been determined by

various groups using different experimeatal techniques. A tabulation

of these studics is displayed in Table V. That the adiabatic electron
affinity might be positive while the vertical elcctron affinity remained
negative was suggested in 1967 by Fergusen, Fehsenfeld and Schmeltekopf.a
Bardsley7 concurred in his molecular orbital analysis in 1969. 1In 197]
Wentworth, Chen and Proemans rcported an adfabatic electron affinity of
.O.B‘i 0.2 eV fvom therwal electvoun attachment rate exferim¢nt. lalley
er al.9 reported a lower bond of -0.15 + 0.1 eV from their cesium
collisional lonization experiments.in 1973. Tiernan and Clowlo.report
0.6 eV from collision-induced diséociation cxpor iments, but they made no
corrcction for the ien or the tarpet fon veloelty distributions, From
the present experiments one can seo that N20- i8 not metastable since its
dotection in the second stage mass spectrometer implies a lifetime of

greater than 50 psec. Also, as discussed proviously, observation of the

12 ’ 5‘;.,_.
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charge transfer.kcnction (6} establiéheslthq electron'#ffinity as less
than that of 02, 0.45 j;O;l oV, The;brcscnt coliision {nduced dissocia;ian
result of 0.22 + 0.1 eViwhich has been corrected for the ion and
p;oductlﬁ01e§ule cnefgy distribution, is in excellent aétefment wich the
result of Wentworth ct al.s - T
C. FBquilibrium Geometry of the X%A' State of Nzoh

s ‘The presently réported cquilibfium geometry {Table YV) is the best
available t$ ;ate. A auggestiona that the equilibriim angle would be
close to that of thé isoelectronice neutral wolecule N02 - 134° - is about
10° too high., From Figs. 5(a) and 6 this latter overestimate may be geen
to be attributable to an approximately 10° decrease in the bending
potential minimum upon stretching the N-N and N-O0 bond elengths about
10% cach from the neutral equilibrium vaives.

The statement by ﬁentwnrch et hl.s in the abstract of their paper

thar they determined the equilibrium angle to be about 160% appears to
be an inadvertent error. These suthors actually assume an equiiibrium
value of 134° in the analysis of their data to determiue the electron
affinity tabulated in Table V. From the text of their paper the 160°
figdrc corresponds to the threshold bending angle for thermal electron
atti;chment - 1.e,, for a crossing of the Nzol(X'Z) and uzo"(xza') potential
encrgy surfaces ﬁt acar ncutral equilibrium values furthé’ bond lengths.
D. Contour Plots of V(R, BNNOIRNN) for Nzo"(sz') and N20(X1£+)
Wentworth, Chen, and Freemans employed a paramcterized Morse function

wirich may be written

I

13

.
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@&
r* . .
= - : ... - e - _n® 3
V(R o R = Do {2 exel-B(Ry, ~ Ryl £00 03 +expl~26(Ryo - Ry) 1 +1)
N o (19)
“where £(0) is determined from the assumption that |
e i e, - “l'l - e .2
V(Ryo+ oo . ™ Pan-o = 7% (Yo~ Cuno? ! - @9
and the parametersﬂnuu_o. B, and k depend, in turn, implicitly upomn
R;N(KIE+). Wentworth et al. wrotecone such Eq (19} for Nzo(xlz"') and
one for N20’(XZA‘), took literature values for the Nzolparameters,z1
a o - ) -
assumed 0., =134° for N8 5 Do~ ™ Do 3.64 eV and determined
k for NZO" by reqpiring that the lowest crossing pbint'(RNO, aNNO)threshold

of the two SurIaces.éécur at an energy 0.45 + 0.02 oV above the zevo

point energy of N,0. Thé'latter energy is the activation enerzy that
Wentworth et a1.8 determined from their measurement of the temperature
dependence of the rate of Reaction {3) in the range -66 to 215°C. The
results of the present study can be cmployed to establish all the parameters
in the Eqs. (19-20}as written for N

2
and activation energy with respect to zero point Nzo

(RNO’ 0NNO)threshuld
independently of the experimental determination of Wentworth et al. A
comparison between the predicted and measurpd threshiolds will then serve

as a check on tho”appropriateness of the paramctric potential functiouw

form given by Eqs. (19-20). The implicit trcatment given RNNinqu.(IQ) may be
Justified on the grounds that it increases but 5% in going from Nzo to

N0, and the docreascs to 2% less than the N0 equilibeium value on

2
decomposition to N24~0—. The parameters are sumnarized in Table VI. The

56
14
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. functions E(UNNO) have been fit to the functional form a + b0 + cﬁz, i
where the constants a, b, and ¢ are included in Table VI. Figure 7 is
. -2
a combined contour map with the function V(RNO, eNNO'“NN) for Nzo (X“A")
(dashed contour lines) on top of that for Nzo(x1£+) (s0lid contour lines).

The crossing locus is shown by the symmetrié paif-of dash-dot lines.

5. CONCLUSION :

The potential energy surface of the sz'(zn) state of nzo' is stable in
1t§ equilibrivm region with respect to eithér digsoclation or detachment.
The key gquantities required to characterize this surface have been

determined and are summarized in Table VIY. In addition a value of

0.22 + 0.1 eV was established for the adiabatic electron affinity of N,0.

15 YA
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" FICURE CAPTIONS

Figure 1, Charge transfer crbss sections fo;_O"!NOzl(o) and sz“]02

. Figure 2,

Figure 3.

Figure 4.

(a)o

%

Collision~tnduced dissociation cross gections of NZO- to

N, +0” by target gas molecules X =Xe, Kr, Ar, Ne, He, end N,

Optimization of the parameters Eo and n for m = Ne, The effect

" of the‘variation of u 1s shown for three values of Eo. The

curves fcrwlio=0.3 and E_=0.5 are off~get & and 8 &V,
regpectively, on the energy scale for clarity of prescentation.

The solid ﬁoiﬂté are the data from Figure 3. The dashed

lines are for Eq (16). The solid lines are for Bq (9). The

noar Céussiap distribution curve centered about Eio =3 eV

(LAD) is for the combined distflbution function fo='f(Ei/Eio) f(um)
with which Eq {16} is convoluted in Eq (3) in order to compute

an "obsexrved” cross section for direct comparlson with the

unad justed experimental data.

Comparisca of the Eq (9) optimum computed values (solid lincs)
for ﬂobs(ﬂio) with the uncorrected experimental values (solid
symbols) for tacpet gases Xe (w), Kr (B}, Ar (_0), N, (a), and
He (). The optimized values for E_ and n in Eq (16) are

shown for each collision gas. The dashed lincs are from Eq (16),
Comparison of the solid and dashed lines provides a visual
indlcation of the importance of the combined Doppler and ion
encryy spread effects upon the cross section for "the various

target gases.
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Figure 5. (a) Ben&ing potential encrgy curves for sz-(sz') with
an SCF wave function and a 435p basis set. Cruves
are dta;n for comﬁinations of the two bond lengths
ranging érom 160 to 1307 of thefir respective
equiliﬁrium values for uzo(xlz+).

(b) SCF bend stretching potential énergy curves for
N,0"(XPA") at 125°. |

(¢} SCF bending potential energy curve for NZO_(Xza‘)I
at near equilihrium-bond lengths RNN-2.2745 a.u.

and Ry, = 2.6011 a.u,

Pigure 6. MCSCF bending curves for NZO' with the Nzo(x1£+) bond

lengths and with 10% greater values.

Figure 7. Contour plot of Eq (19) written For N0 (x’A") (dashed
contours} over the same equatlon with pavameters for

NZO(X}£+). The dot~dash line is the intersection locus.
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Table I

Best-fit values of E, and n obtained by combining
G = A(E-Eo}“/E with the energy distribution for

the collision-induced dissoctation of
NO +X+0 +N,+X

2 2
Target ) " ) Bo .
Gas (+ 0.1) (+ 0.1 cV,C.0.M.)
Xe 2.5 0.5
Kr 2.3 ¢.4
Ar 2.4 0.4
Ne 2,3 0.4
He 2.4 0.4
N, 2.5 0.5
Average Values 2.4 0.43
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Table 11X .
Coafigurations of the MCSCF weve.function for N20- in its KZA‘_(ZII) state and their wpeighting

coefficients at selected geomerries

No. Orbital Occupancya Spin b Weighting Coefficient
4a’ 5a' 6a' 7a' 8a' 9a' 10a' lla' 12a' 1a” 22" 3a" VPR g 2137 2.3 2.3

4 So 63 17 To 2v, 3% S 90 lm 2 3n ' Ry 2238 2238 2.462

8o 180°  130°  130°

1. 2 2 2 22 2 1 0 0 2 2 O D 0.973 0.§72  0.963
2.z 2 2 12 2 0 0 2 2 2 O D 0.009 0.005  0.007
3. 2z 2 2 2 1 06 0 2 2 2 0 b 0.000 0.000  0.001
4. 2 2 2 22 2 1 0 O 0 2 2 D -0.145 -0.147  -B.175

5., 2 2 2 2 2 1 0 0 2 0 2 D ~0.062 =-0.048 -0.045
6. 2 2 2 20 2 1 2 & 2 2 © D -0.052 -0.055 =0.068
7. 2 2 2 20 2 1 0 2 2 2 O D ~0.005 -0.005 ~-0.006
8. 2 2 2 2 : 1 2 9 0o 2 1 1 ™ 0.037 0.030  0.025
. 2 2 2 22 1 2 0 © 2 1 1 5D ~0.026 -0.023 -0.018
. 2 2 2 2772 2 ° oo 1 2 1 ™ 0.104 0.107  ©.110
nm. 2 2 2 12 2 2 0 © 1 021 $D -0.088 -0.104 ~0.114
2. 2 2 0 22 2 1 2 0 2 2 0 D ~0.012 -0.010 -0.013
3. 6 2 2 22 2 1 0 2 2 2 O D -0.077 -0.971 -0,089
%, 2 © 2 22 2 1 0 2 2 2 O D -0.018 ~0.014 =0.019
5. 2 2 2 22 1 2 06 0 2 0 2 D 0.008 ° 0.007  0.007
Total Energy + 183 (a.u.), SCF - ' " ~0.5184 -0.5661 . ~0.6027 °
Total Energy + 183 (a.u.), MCSCF -0.6020 -0.6461 -0.6930
02

3rne core la'22a'23a'? 15 assumed.

bCumulative spin, coupling from the left: D, doublet; T, triplet.



TABLE IIIa

Molecular Orbitals for the NZO“ (xza') MCSCF Wavefuvnction at

. . . a g SRR e
Ry = 2132 aoue, Ry = 2,238 a.u., Q. = 180° ,
ORBITALS ~-- Block 1
8F Type Zeta Center 1o 20 3¢ 4y 56, 6a ia 8o 9d In, Zux Bux
LS 5909.440 %1 -0.00% -0.001 0.604 0.012 0.00L 0.078 =0.020 ~-0,061 0.002 0.018 -0.001 ©.008
2 s 7.193 %1 ~0.001 ~-0.001 0.461 0.017 D.000 0.140 -0.027 -0.C88 0.003 0.026 -0.013 -0.012
3 s 0.700 N1 0.001L 0.003 ~0.046 =0.040 0.005 -0.508 0,092 0.392 0.010 ~0.089 0.036 -0.060
4 8 0.213 N1 9.003  0.005 <0.054 «0.162 =-0.027 ~0.580 ~0.170 0.049 =0.052 =0.114 ~0,241 0.0639
5 2 26.786 NI -0.000 -0.002 0.012 -0.040 ~0.003 0.0%3 0.248 0.471 =~0.012 -0.009 =-0.015 =0.072
6 z 0.531 N1 0.000 -0.001 0.007 ~0.058 -0.006 0.091 0.291 0.476 =0.016 ~0.036 ~0.047 =-0.106
7 2 0.165 N1 0.001 -0.001 0.0L2 -0.089 =-0.020 0.114 . 0.120 0.005 =0.022 -0.026 ~0,035 =-0.038
¢ s 5909.440 N2  -0.00L 0.594 0.002 -0.075 0.016 0.022 -0.079 0.091 -0.081 -0.056 0.039 -0.029
9 s 7.193 N2 -0.001 0.447 0,002 -0.103 0.020 0.025 -0.111 0.122 -0.112 -0,076 0.053 -0.039
1 s 0.700 N2 0,002 -0.000 -0.006 0.318 ~0.044 -0.051 0.346 <-0.690 0.559 0.216 -0.168 0.095
il s 213 N2 -0.00L -0.001 0.003 0.276 0,032 0.032 0.187 0.131 ©.034 0.312 -0.072 0,339
12z 26.786 N2 0.000 -0.001 0.001 0.138 =-0.021 0.018 -0.205 0.479 0.264 0.072 -0.068 0.091
13z 0.531 NZ 0.000 0.001 -0.001 ©0.199 -0.011 -0.004 -0.285 0.455 0.285 0,078 -0.103 0,112
14z 0.165 N2 0.002 0.000 -0.002 -0.080 -0.018 -0.025 -0.016 -0.111 =0.122 ©0.027 -0.077 0.156
15§ 7816.540 0 -0.588 ~0.001 -0.001 0.005  0.109 -0.002 0.008 0.001 0.039 0.006 -0.007 0.010
16 s 9.532 0 -0.471 -0.001 -0.001 =-0.007 0.169 -0.001 0.011 0.001 0.057 0,007 ~0.010 0.03%
17 s 0.940 0 0.030 0.002 0,002 -0.025 -0.547 0.003 -0.024 =0.013 =-0.193 ~0.032 0.028 =-0,040 :
18 s 0.285 0 0.027 0.002 -0.000 -0.134 =-0.547 =0.013 ~0.093 =0.014 =0.1%0 0.061 0.071L -0.077
19z 35.183 0 0.004 0.001 -0.001 -0.203 -0.638 =~0.012 0.016 ~0.022 0.298 -~0.077 -0.224 0.001
20 gz 0.717 0 0.001 0.001 =-0.001 ~0.25% «0.027 =-0.017 0.023 -0.042 0.345 =0.104 ~0.287 0.021

=89



TABLE 1IIa (Continued)

BF Type Zeta Center -l 20 3a 4o S5a 6a 1o 8o %c 1w an Sux
21z 0. 214 0 0.004 0.001 0.000 =~0.164 <-0.055 -0.000 0.053 -0.028 0.025 <0.138 -0,259 -0,019
22 X 26,786 NI  -0.000 -0.001 0.002 0.022 0.005 0.720 0.050 0.054 -0.27 -0.185 ~0.005 0.295
23 X 0.531 NI -0.001 -0.001 0.002 0.020 0.0l 0.025 0.070 0.023 ~0.083 -0.250 =0.011 0.387
24 X 0.165 X1 =0.000 ~-0.000 0.002 0.013 0,002 0.020 0.033 -0.039 -0.L83 <-0.148 -0.024 0.386
25 X 26.786 N2 0.001 ©0.001 0.001 0.140 -=0.023 0.013 0,017 -0.027 0.325 -0.216 0.068 -0.174
26 X 0.531 N2 0.000 =-0.002 0.002 0.219 =0.013 0.017 0.027 =0.012 0.383 =0.298 0.091 =-0.230
27 X% 0.165 ¥z 0.000 ~0.000 0.002 -0.001 0.006 0.023 0.058 -0.026 0.018 -0.216 0.0%6 -0.203
28 X 35.183 0 0.004 -0.000 0.002 -0.129 -0.032 0.018 0.022 0.021 0.276 0.129 0.227 0.115
29 X 0.717 0 0.000 -0.000 0.002 =0.162 ~0.018 0,027 0.028 0.028 0.361 0.128 0.289 0,159
30 X 0.214 0 0.004 ~-0.000 0.002 =-0.087 =-0.055 0.022 0.026 0.028 0,086 0.142 0.235 0.190
OR3ITALS -- Riock 2

EF  Tyae Zeta Center l:y 2:y 3ny

31 Y 26.786 ¥l  -0.250 -0.008 0.318 _
32 ¥ 0.531 ¥ -0.338 -0.014 0.423 :
33 ¥ 0.165 N1 - =0.251 =0.061 0.170 f
%Y 26,786 X2 ~0.203 C.129 -0.317 y
35 Y 0.531 ¥2  -0.287 0.182 <0.436 : E
36 Y 0.165 N2 ~0.172  0.10& -0.245 : . X
37 Y 35.183 0 0,109 0.311 G.154 '

38 ¥ 0.717 0 0.134 0.400 0.191 | _ L,
9 Y 0.214 0O 0.193  0.356 0.163 - ' o

cgﬁasis Set: Duneing's 4s3p contraction, Refercnce 24.

op}
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Molecular Orbitals for the Nzo'(xza') MCSCF Wavefunction at

TABLE ITIb

345 a.u ~ 2.462 = 130°% TV mER e
DRBIIALS == Bloskc 1 R"\.'N = 2,345 a.u., R\O . a.u., %30 =
1a’ 2at 32! 4a’ Sat Ga' 8a’ 1la’ 12a* 7a' 9;: 10a’
8F  Type Zeta Center lo 2a 3¢ 4o 50 60 7o 8¢ 99 ‘ux o 21{1‘c .’.’mx
1§ 5909.440 N1 -0.001 -0.001 0.603 0.013 0.002 0,079 ~0.023 ~-0.066 0.006 -0.000 -0.000 -0.0600
2 8 7.193 X1 -0.001 -0.002 0./50 0.016 0.093 0.13% ~0,028 -0.089 0.007 -0.000 ~0.000 -0.000
3 s G.700 N1 0.001  0.006. -0.425 -0.026 -0.005 -0.436 0.078 0.474 0.006 0.00Q, -0.000 0.000
L& 5 0.213 N1 0.008 0.003 -0,053 -0.132 ~0.103 ~0.566 -0.268 .0.156 0,125 o.oo@i{iggooo. -0.000
5z 26.7860 X1 0.000 ~0.002 0.014 -0.045 ~0,003 0.098 0.256 0.518 -0.042 0.000 289000 0.000
6 z 0.531 ¥L  0.001 -0.002 0.008 -0.017 -0.021 0.099 0.238 0.577 0.038 0.000 -0.000 0,000
7z 0.165 N1 0.002 -0.002 0.013 -0.066 =-0.033 0,132 0,100 =-0.001 0.007 0.000 0.000 -0.000
8 S 5909.440 N2  -0.001 0.593 0.001 -0.082 ©.019 0.023 -0,099 0,112 ~-0.0%8 -0.000 0.000 -0.000
9 s 7.193 N2 -0.001 0.446 0,001 -0.113 0.023 0.025 -0.137 0.140 -0.133 -0.000 0.009 ~0.000
10 s 0.700 X2 0.002 0.002 -0.000 0.344 -0.048 ~0.034 0.421 =-0.871 0.659 0.000 -0.000 0.000
1 S 0.213 N2 -0.004 -0.002 0.006 0.241 0.077 0.052 0,249 0.18 0.079 -0.000 -0.000 0,000
12z 26.786 N2 0.002  0.000 0.002 0.199 =~0,033 0.031 ~0.191 0.488 0.410 ~0.000 =~-0.000 0.000 -
13 2 0.531 N2 o;ooq -0.000 ~0.001 0.306 -0.022 0.009 -0.275 0.513 0.509 0.000 -0.000 0.000
16z 0.165 %2 0.006 0.000 0.000 -0.100 ~0.074 0.017 =0.030 ~0.05¢ 0.017 0.000 0.000 ~0,000
15§ 7816.540 0 ~0.589 -0.000 -0.000 ~0.002 0.102 -0.001 0.009 0,003 0,049 0.000 ~0.000 0,000
16 S 9,532 0 -0.473 =0.001 =0.000 =-0.002 0.163 =0,00L 0.013 ° 0.004 0.073 0.000 -0.000 0,000 3
17 S 0.940 0 0.036 0.002 0,001 -0.002 =0.552 0.002 =0.037 ~0.020 =0.265 =0.000 0.000 =-0.000
18 8 0,235 0 0,030 0.002 ~0.002 -0,143 -0,499 -0.036 =0.022 -0.160 ~0.346 -0,000 0,000 =-0,000
19z 35,183 0 0.007 0.000 0.001 -0.252 -0.062 0.006 0,029 =-0.001 0.448 0,000 =-0.000 0.000
20 2 0.717 0 0.000 0.001 =0.295 ~0.053 ©0.013 0.007 0.058 0.571 0.000 -0.000 0.000

~2.9

0.002



TABLE IIIb {continued)

la? 2a’ 3a’ 4a’ 5a' fa’ 8a' 11a! 12a? 72! Ya’ 10a’
BF Type Zeta Center la 2q 30 4a 5¢ 6o 7a 8g 9c 1=, 21tx EL
21 Z 0.214 0 0.008 0.000 0.002 -~0.154 -0.100 0,021 0.025 0.042 0.088 0.000 -0.000 0.000
22 X 26,786 N1 0,000 -0.000 ©0.000 -0.000 C.0C0 0.000 0.000 -0.000 0,000 ~0.250¢ 0.012 0Q.255
23 X 0.531 Nl -0.000 0.000 -0,000 0.000 ~0.000 ~0.000 ~0.000 ©.000 ~0.000 =~D.330 0.003 0.338
24 X 0.165 Nl 0.000 - -0.000 ~0.000 ~0.000 0,000 0.000 0.000 0.000 Q.000 ~0.230 -0.038 (.527
25 X 26.786 Ly 0.00¢ 0.00C ~0.000 -0.000 0,000 0.000 0.000 0.000 0.000 =-0.207 0.149 -=0.2086
26 X 0.531 N2 £.000 -0,000 -0,000 -0.000 0,000 0.000 0.000 0.000 0.000 ~0.290 0.204 -0.453
27 X 0.i65 N2 =0.000 0,000 0,000 40.000 -0,000 -0,000 =0,000 =-0,000 =0,000 ~0.158 0.074 -0.500
28 b4 35.183 O 0.000 ~0,000 -0.000 0.000 -0.000 0,000 =0.000 0.000 0.000 Q.131 0,314 h 0.147
29 X 0.717 0 -+.000  0.000 -0,000 Q.000 -0.000 =0.000 0,000 -0.000 90.000 0.168 0.4986 0,179
30 X 0.214 o} -0.000 -0,000 0.000 -0,.000 0.000 =-0.000 0.000 ~0.000 ~0.000 ©0.221 0.321 0.306
ORBITALS -~ Block 2

1a" 23" 3a"
BF Type Zeta Center lwy ZHY 311Y
31 Y 26.786 K1 =0.246 0.007 0.332
32 Y 0.531 N1 =0.333 =0.003 0.439
33 Y 0.165 Nl =0.22¢6 ~0.059 0,193
34 ¥ 26.786 N2 -0.,200 0.150 -0.322
35 Y 0.531 N2 =0,288 0.215 ~0.462
36 Y 0.165 N2 -0.171 0.102 =0.244 ) S .

@3 35,183 0 0.130  0.304 ©.183 ~ " aePiuieen
%FB& Y 0.717 [} 0,167 0.397 0.224

29 Y 0.214 a) 0.233 0,316 0.152

aBasis Set:

Dunning's 4s83p construction, Reference 24,
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Tnblo?}v

Computed equilibrium minimem

Wave Function

E, (2,132, 2.238, 180)

-ET

(2.132, 2.238, 130°) _
a.u. (ev) 0.0477 (1.30)

Er {2.132, 2.238, 130°)

"ET (2.345, 2.462, 130°)

a.u. (cV) 0.0366 (1.00)

0.0441 ° (1.20)

0.0469  (1,28)

Parsmeter SCF, MCSCF MCSCFCI
- (&) 1.203

Ry kx) 1.376

BNNO (deg) 123.6

kg (wd/A) 11,54

ke @/R) 3.93

K @/A) 0.645

S
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Table V¥

Electron affinity of N2

0

: ; oyt

Panor

Electron Affinity
eV}

Method

Wentworth, Chen, Freeman (1971)2

Nalley et al, (1973)®

Tiernan and Clow {1975)°

Present Work

0.3 + 0.2

> -0.15 + 0.1

0.6

0.23 + 0.1

Deduced from the activation energy
for rhermal electron attachment
trate,

" Collisional {onization of Cs=.,

Linear extrapolation of collision-
induced dissociation cross section.

Levine model fit to ceollision-
induced cross gsection, corrects
for Doppler motion of target gas
and for fon velocity spread.

#Reference 8
bReference 9

Creference 10



Table VI

Parametexs for the parametric Morse functions of Eq (1%)

for N0 & xYy and uzo"(xlk')

Molecule _

Parameter® Units uzo Reference NZO- Reference
DNH-O eV 3.9 0.5 Preaent work,-SCF
8 R-l 3.0 21 - 4,9 Present work, SC¥
Reo A 1.8 21 1.38  Present work, SCF
k 10”3 e\'{degz 1,24 27 2.03  Present work, SCF

e : -+, SCF
a0 deg 180 21 124 Present worl, SC
8 -
b rad™t
c rad "2

. e S

aDNN-O 1s the adiabatic decomposition eneriy: Dyg. . DNN-O + ENZmV 0)

- ENZO(O, 0, 0) where FNz(vum = 0.146 eV, aﬁioco,o. 0) = 0.4 eV for

Np0(x'E") and 0.2 ev for 10"(x*A"). N, 0(X'E") disscctates adisbatically to

Nz(xlﬁz) + ot¥p) ame Nze"(xln'), to nz(xlz;) + o"(ZP). See Table XXVI

of Reference 11,

s S
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Table Vi1

#

Sunmary of the quantities determined in the present stndf

to characterize the potential energy surface of the
ground state sz‘ (zn) of N0~

2
Parameter” 4 Value Methodi’
DRy-o- 0.43 % 0.1 cip
Dy _no- 5.13 % 0.1 cIp
R 1.20 & SCF
Ryg 1.38 & SCF
®x0 124° SCF
- 13.5 md/A SCF
ko 3.9 wd/h SCF
LS, 0.65 mdfA SCF
a -32V e e
kywo = 302 1 B Rwo

b
SCF - Self Consistent Field Calculation

‘CID -~ Collision Induced lissociation Experiment;
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SECTION I1

CROSSED-ION MOLECULAR~BEAM STUDIES

QOver fhe course of this contract, a sophisticated crossed ion-
molecular beam Instrument has been developed., This 1nstrumeqt was
designed ¥o facilitate studles on the.basic phystc andlchemistty of 1onizcd_
gases, including idgntification of clementary positive and negative ion
processes, and their kinetic paramecors as well as determination of funda-
wmental atomic and moleculﬁr propertics which directly influence che_lonlzed
media., In addition to the appllications of this Instrument for invescigating
the dynamics and energy-transfer characteristics of ifon-neutral collisions,
this instrument can also be utilizcd in the study of the clenistry of high-
temperature molecules,

The following is a brief outline of the instrament, Further detalls of
the desipgn and experiments are available in a series of SRL reportsl"6

and two technical presontatinns.s'6

10W SOURCE AND LENS SYSTIM

The ion beam Ls feormed by clectron impact on molecules introduced
either from a resisrance-heated Knwdsen cell or from a conventional gas-
inlet system. Temperaturcs as high as 2600°K are attainable. The ion
beam leaving the source s double fucused by a 90° electrié sectar and a
60° negative scctor before entering the decelerarfon 1cnsi Mass reselution
of ~ 130 and fon currents of 0.1 to 1.0 aA are obtainable, Recently the |
encrpy spread of a primary beam of Ar+ fons has been measured usinp the
newly assemitled parallel-plate energy avalyzer. Figures 1 and 2 show the

energy distribution at three different nominnt fon encrgics The

4 8.-'.;""
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RELATIVE INTENSITY
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| | r g | | 1
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Ar*lION ENERGY (eV)

Figure 1. Ar+ Kinetic Energy Distribution, Nominal Energy 2.4 and 3.7 eV
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RELATIVE INTENSITY
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distributions vary.with energy;:howeyer, the fullwﬁidth-halt-mﬁxiﬁum vaﬁ
do not exceed 0.3 eV at cnergicg above 1 eV, A kinetic energy vange of
1 to‘I?O eV is accessible with trausmission—to«colliéioq region abbvg
902 down to 1 ev. Transmission to the sccond-stagé_dctect6§ is considerably
less than this at low encrglcs éue to spacé*chargc cffecfs and angular

divergence.

NEUTRAL-BEAM SOURCE
The mass and encrgy resolved beam is crossed at 90° by a molecular beam
produced by a stainless steel multichannel capillary arfay. The bean 1s

chopped for phase-sensitive detection,

PRODUCT-ION DETECTION SYSTEM

The main scattering chamber 18 staitles® steel, 36 in, in diamecter
and 15 in, high, pumped by highwapeed 10~ and 6-in, oil diffusion pumps.
The.l product ifous from the scattering process enter g parallel-plate
energy ananlzer, quadrupole mass spectrometer, and o Dendix Champeltron
operated in the pulse—counting mode, The en£ire detoctionlsystcm rotates
in the horizental plane about the scattering center, alud product ions

are collected over the veplon - 5% to +95° with vespect to the incident-

ifon beam direction.
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SECTION IIX

DEVELOEMENT AND APPLICATION OF ANALYTICAL METHODOLOGY FOR
DETATLED CHARACTERIZATION OF AIR FORCE UERBICIDE ORANGE STOCKS

INTRODUCTION

In suport of the U.5. Adir Force for determipin'g-'the feasibilicy of
Ehe shil—biodcgradatiou method of disposal of excess Air Fﬁrce herbicides
in accordance pith Enviranmental Protection Agency guidelines, personncl
"of Systems Research Laboratories, Inc., werc requested to develop and apply
analytical pas chromatograph-mass spectrometric (GC-MS) mﬁthods in the
quantitative determination of Herbicide Orange and degradation products
thereof in soil and milk and to establish the compasition of representative
samples of Herbicide Orange fermulations.

This work ender Contract No. F33615—73—C—4099.was vndertaken in 1972
and continued through June 1975, The research was performed in conjunction
with U.8. Alr Force personnel at the Aerospace Research Labo?atories,
Wright~-Patterson Air Force Base, Ohlo, and in cooperation with personncl
in the Depavement of Life and Béhavioral Scienees, U.5. Air Force Academy,
Colorado Springs, Celorade, who supplicd samples of seil from various
field~test plots. |

Several analytical techniques were developed duging the contract
perlod for analyzing Alr Yorce Hegbicide Orange. As a vresult, cach mlssinn
was accomplished within a different peciod of time and results repoerted te
the Air Force Logistics Command. A brief description of ecach period

follows:.

b
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A. 2972 - 1973: A detatled description of the results of this
effort f£s available in SRL Scmianﬁual Status Report 6776~1, Contracf
No. p33515~73-c446§§.’ The work involved: | |
v, Extraction of the herbicides n~butyl 2,4-D and 2,4,§—T
and related compounds bynmcans of an organic solvent

from soil samples.

2. Treatment of the extract to convert the 2,4-D and 2,4,5-T
to a derivﬁcive (méthyl esters) amenable te gas-

chromatngraphic'analysis.
3. Analysis of the extract using GC-MS,

4, Mass-spectral chavacterization of seclected Herbicide

Orange formulations.

B. 1973 - 1974: SEL-Annual Status Report 6776-2, Contract No.
F33615-73—C~4099.8 Progress was made in the following areas:
1. Development of software for the data acquisition and
control system used with the lLoenco 160 gas

chronatograph-DuPent 21-491 maxs spectrometer system.

2. Development of lwproved gas-chromatographic methods
for scparation and identification of compouents of

Rerbicide Orange formulations,

3. Pevelopment and implementation of analytical methods
for determining 2,3,7,8-Tetrachlorodibenzo-p~dioxin

(2,3,7,8-TCDD) .

(et |
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in SRL Semiannual Status Report 6776~3, Coutract No. F33615~73-c-4099.9

Two progress reports have been submitted to.the Adr Force Logistics
éommand;10'11 The work involved:
1. Completion of software for the data-aequisition and
control system used ﬁith the ARL gas chrematograph~

mass spectrometer (GC-MS).

2, Development and application of an analytical technique
for quantitative determination of dichlorophenoxy and

trichlorophenoxyacetic acids in Herbicide Orange.

3. bDetermiaation of tetrachlorodibenzo-p-dioxin in

Herbiclide Orange.

D. 1975 - present: Description of these results is avallable in
SRL Annual Status Report 6776-4, Contract No. F33613-73-C-4099. 12
Twe Avrospace Research Laborateries  rectnkbeal reports have been

13,14 One manuscrtptlsims been suimitted for publication

campleted.
in Analytiecal Chemlstry and is Included as part of this section. The
work inctuded:
L. Complete constructivn of high-sensitivity gas
chromat ograph=quadrupole and ARl M5-30 double-heam
mass—-spectramelel sysroms.
2, bevelopment of a successful liquid-chromatogruphic
teclhinique for extraction of 2,3,7,8-TCHD in Herbicide
Orange.
3, Complete analysis . of TECDD in 259 samples of Alr Force

Herbicide Orange.

10 .-

C. 1974 - 1975; Progress during this perfod is deseribed in deta 3
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~ The recent develapments are application of Gc#ﬂs-techniquea
for quantitative analysis of 2,3,7,8-TCDD in soil and milk and is

&escribed:ns.follows.

DETERMINATION OF 2,3,7,8-TETRACHLORODIBENZO-p~-DIOXIN IN MILK
‘A.  Specificity and Selectivity

The gas chromatographic-mass sﬁﬁctrometric.(GS4MS) techaique is
extremely sensitive and specific for the dctcrminati#n of TCOD. In order
to assign a signal to 2,3,7,8-TCDD, two thingg nust éccur simultancously:
1) the retention time mﬁst be correct and 2) it must respondlat mfe 320

as tuned on the maas spectrometer.

p. Apparitus
1. Mini-acktor vials
2. 500~ml berker
3. 8~ml (2~dram) vials (screcv top)
4. Disposable transfer plpettes
5. 0.3-ml cone-shaped vials
6. AEL MS-30 mass spectrometer coupled to Varian 1400 gas

chromitopraph with a1l glass membrane geparator

€. Heagents and Materlals
1. Echano) (MCH pestlcide quality)
2. .chane (MCB, HX 29+ pesticlde quality)
3. Benzene (Mallinereoldt, 1043, nanograde)
4. Silica Gel (MCB, SX 143-4, 100-120 mesh)
5. Alumina {Fishor, A-540, BD-10D mesh)

6. Porpssjum hydroxide

53
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'.%?. Sulfu?iclﬁcid
-8. (Colu;n) 1/3-1n; x5 ft stéinicsé steel tubing
9, (rm;’ng -1'.szlov-.~1'01" on Gas Chrom G (HP)
10. TCOD (available for Dow Chemical U.S.A., Midland, Michigan) -

1. o-=xylene (MCR)

D. Samplé Preparation

1, Put 1 g milk and 1.0 nl 20% KOH in ethanol solution {n a
nini-acktor and drqp in a SOﬁ-ﬁl beak&r of boiling 1,0 for 5 win,

2, Remove.and transfer contents to an 8-ml wvial,

3, Rinse_ﬁini~acktof with 2-ml hexane and édd this to the vial.

4, Shake well and allow the layers to sép;rafe. |

S5. With a transfer pipette, remove upper (hexaﬁe) layer and
put this into another B-ml vial.

6, To the vial contalning the original reaction mixture, add
another 2-ml mini-acktor rinse and again shake well.

7,  Remove upper layer once again and add tn-orlninal hexane
extract.

B, Hash hexane extract with 2-ml {IN) KO then with 2-ml
concentrate stoﬁ and 2-ml 107 aqueous Na,C0,.

9, Evaporate extract to - 1 mi under a stream of alt and: add
to alumina-sf{lica jel comblipation columu (sec‘FIg._ k] ‘Iq; coneruct;on).

10. Discard flrst 5-ml of cluate ; collect ﬁext 6-ml and

concentrate to *» 0.3 ml in a Teflon besker under a stream of alr.

12
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11. Transfer extratt to a 0 3um1 cone—shaped vidl, evaporate just
to dryness. and immediatoly cap with a rubbermlined cap.
-"12. Juse before analxsisx add 20 ul o-xylcne to cone-shaped

vial and analyze.

- E. Instruuent Condltions and %ctup
| An AEY MS-BO doublc-beam mass _apectrometey couplcd with a Varian
1400 geries gas chromatograph wag employed and set up according to
che-follauing conditions:

1., Column temperature - 230°C

2. Injector temperature - 280°C
3, Separator temperature - 200°C
4 Flow rate 55 cc/min helium at 60 psig

5. Filament current on number 3
6. Magnet tuncd to noniter mfe 320
7. Strip chart recorder sct 100-mv atten, at l-in./min

Accelerating voltage ~ 4 k¥
Tonizing voltage - 70 oV

F. Calibration

1. " Inject 2 pl of TCDD standard into pas chroqalugraﬁh; and as the
TCDD élutes as displayed on the strip-chart‘rccordur,'fiue tune the
magnet to ﬁaxlmlze the respoase at mfe 320,

2. Inject 2 ul of a dilute TCHD standard solutlon of knoﬁﬁ
concentration in the gas chromatograph and record the response on the
atrip-chart recorder.

3. Repeat Step Ho. 2 until reproducibillty of detector response

ir satisfactory,

14
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@, Analytical Praccdure
: 1. Injecx 2 ul of the final extract into the aas chvdmatograph and
‘ record the requnse at. proper TCDD rctention time und w/e Slgnal.v

2. Repeat calibracion ac lgast after'every two samples,

B, dalculation

1. Calculations are performed bty comparing pcak'hcight of ;I
standard of known concgntratlon of TCOD to that ofvsample to abtain
sample concentration in this case in 5.0 g of milk.

2/ Cdlcul#tq percent recovery as determined by analysis of a

doped sample.

I. 1Interferences

Interferences encountered utilizing this technlque are somewhat
greaxtor than encountered in much more time consuming methods but with
the use of a high-resolution £ﬁstrument such as the AET MS-30, These

interferences could be eliminated at the expense of sensitivity.

J.  Discussion
The method described here is at preseat still in the d¢vvlopmentai
stage. Intef[erencgs encountered dear the TCOD retention tiﬁc ipdicatv
the need for fqrtﬁqé extract cleanup modlficntjou. Hawever, this et hod
: dncéldisplay great promise ax it cau be performed in ahoug half'fhv tine

]

of previously developed methods {see Figs. & and 5 ).

DETERMINATION OF 2,3,7  8-TETRACHLOROD I BERZC~p~DTOXIN 1IN SCGIL
A. Apparatus

L CGround glass stoppered Erlemmever flasks (50 ml)
2. 20-ml screw-capped tubes
Ho-

15
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7.

Laberatory shakex
Pisposable trangfer plipettos

0.3-ml cone-shaped vials

AEI ¥5-30 mass spectrometercoupfhdéé Varian 1400 gas chromatograph -

and all-glass membrane separator

Aluminum foil

B. Reagents and Matertals

L.
2,
3,
4o
5.

6'

Hexane (MCB, MX 297, pesticide quality) o -
Benzene (Mallincrodr, 1043, nanoprade) -

{G.C. Column) 3/8-in. x 5 {t stainless stgei tubing
(Packing) 1.52 ov-101 én Gas Choom G (HP) 100/12Q mesh
TCUD (available Dow Chemical U.S$.A., Midland, Michipan)

o-xylene (MCB)

€. Sample Preparation

Sawples to be analyzed were packéd in fndividual sample containers

and kept frozen until time of analysis.

1.

Remove sample contaimers from freezer compartment and allow

to thaw (-2 hr).

- 2.

Weigh out ~ 20 ¢ of soil from cach contalner and allow to

air dry to a comstant weight on aluminum foil (shiny side out).

3.
flauk.

4,

5.

Place 10 g of each samplevin an ultra-clean Erlenmeyer

Add 15 ml 20% bcngané in hexare to ‘each lask.

Put {lasks on laboravory shaker and shake for 2 hr.

18 96
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Gﬂ. Decant ﬁhc golvent into a 20-1 screw cap tube,

?..,3iﬁse 5011 with 5 ml 20Z benzene in héxanc.-

8. Add.rinse to orig;ﬁal cxtfact and conéentrato down to about
0:3 ml under a Qtfenm of air.

9. .Trﬁnsfer-gxtract to a @,3-ml céncwshnped-viai and evapornté
jus::to dryndss and immediately cap with a rubber-lined cnﬁ.

10. Just before analysis add 50 ul o-xylene and then analyze.

B, Instrument Conditions and Sectup

An AEL MS$-30 double-beam moas spectrometer coupled with a Varian 1400
Series gas chromatograph and an all-glass membranc scpérator was utilized
in the analyscs and set up according to the following conditions.

1. Column fcmperature - 230°C

2. Injector temperature - 280°C

3, Separator temperaturc - 200°C

4, TFlow rate 55 cc/min at 60 psip

5. Strip chart recorder set 100 QV attenuation at 1 1n.[min

Yonizing voltage - 70 oV
Accelerating voltage - 4 kV

6, Filament current. or number 3

7. Magnet tuned to monitor mfe 320

E. Calibration
1. Inject 2 ul of ICPD standard into gas chromatograph; and as the '
TCDD elutes as displayed on the strip-chart recorder, fine tune the

magnet to maximize the respouse at mfe 120,

. Go=
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2, Inject 2 pl of a dilute TCDD standard solution of known

concentration in the gas chromatograph'and fécordlthe response oy the
strip-chart recorder.
3. Repeat Step No. 2 until reproducibility of detector teaponse

iz satisfactory.

F. Analytiecal Procedure
L Inject 2 pl of the final extract into the gas chromatograph and
record the response at proper TCDD retention time and m/fe signal;

Z. Repeat calibration at least after every two samples.

G. Calcularions

1. Calculations ave performed by comparing peak height of o
standard of known concentration of TCDD to that of sample te obtain
sample concentration in this case in 20 g of soil.l

2. Calculate percent recovery as determined by analysis of a

doped sample.

. Interierences
1. Iu:otterénccs resulting from materials haviag retention times
similar to TCOD and roéponse at m/e 320 may be encountered, especially
if the particualar sample contains lavge amounts of organic material,
2. Glassware and syringes ugsed in the analysis of samples
contalning parts-per-billion levels of TCDD may retain sufficicent TCDD

to glve high results at parts-per-trillion ievels.

20
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I. Discussion . , L i
The shake-extraction method dc#grlbegl here has been found to be

the least complfcated and time-consuming method of él] ‘rcscarghed.

Under idcal conditions (i.c., limited organic' materials plresent in t'he

soil), 1ntofferenqca vere minimél and recoveries sere on the order

of about 90% at the parts-per-trillion level. The following report

itlustrates the usefulness of this shake-extraction method in ;:he recent

analysis of 2,3,7,8- Tetrachlorodibenzo~p~dioxin (‘l‘CﬂD) in so:ll_ gamples

from Eglin Air Force Base Test Rauge.
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ANALYSIS OF 2,3,7,8 TETRACHLORODIBENZO~p-DIOXIN (TCDD) IN
SOIL SAMPLES FROM ECLIN AIR FORCE BASE TEST RANGE

M, L. Taylor and T. 0, Tiernan
Aerospace Research Laboratories (LJ)
Wright Patterson Air Force Base, Ohio 45433
R. 0. Yelton
Systems Research Laboratories, Inc.

2800 Indian Ripple Road
Dayton, Ohic 45440

INTRODUCTIOH .
 Soil samples containing trace quantities of 2,3,7,8 tetrachloro-

dibenzo-p-dioxin were received from fglin Air Force Base, Florida, packed

in dry ice and were immediately transferred to the freezer compartment of

the laboratory refrigeration units, It should be noted that samples
designated as numbers 89 and 90 bad been broken in shipment. This
brgakage may have resulted from the unusually high moisture content of
these samples which, upon freezing, tesulted in expansio: and sample

contaicer rupture.

ANALYTICAL PROCBDﬁRE

So0il samples, were prepared for extraction and:ﬁﬁglysis by removing
the sample containars from the freezer compartment #nd aliowing them to
thaw. Approximately 20 g of.scil were removed from each container and
alloved to air-dry on aluminum foil te a constant weight. After drying,

10 g of each sample were accurately weighed out and placed in an ultra-

clean vessel for extraction.

22
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A fH-hr extraction procedure was ca?ried out on cach samplé utiliziag
20% benzene in hexane (both-pesticide qu&liiy), as fhé,extracting |
solvent. The cxtracts obtained as a result of this operation were
concentrated by a factor of 1000 and subjected to a column chromatography
clean~up procedure usiné silica gel-alumina columns, hiiqpots wéfé-éhen
anglyzed on Varian 144010 GL chromatogrnph,’coupled to an AR scientific
apparatus M5~30 double beam mass spectrometer through an all-glass memhréne
sepavator. This instrument is capable of detecting low levels of 2,3,7,8
tetrachlorodibenzo-p-dioxian at a nass resoiution as high as 10,000. The,
m/e.320 peak was monitored continuously and the response was integrated
as the TCDD eluted from the chromatograph. The intcprated TCDHD response
from unknpowns was compared with the reSpoFSe for accurately known ameounts
of TCDD standard Introduced into the instrument. Multiple analyses were
accomplished for several sampleﬁ at different mags resolutions te ensure

that Interforences were not a complication.

RESULTS

The results of these analyses are presented in Table I.. Puplicate
analyses for Sample 108 were in rather poor agreement. This may be due
to the fact that this sample apparently contained a large amount of
organic material in the soil which affects the extraction of TCDD froﬁ
the'matrix. In general, the analyses reflect a standérd deviation of
+ 30Z. A total of about 300 manhours were spent imn the extraction,

preparation, and evaluation of the Eglin soil sample data.

23
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TABLE T

TETRhCﬂLDRUDIBENZO—p—DIOXIN LEVELS IN SOIL SAMPLES PROM
ECLIN AIR FORCE BASE, FLORIDA

tH

Sample Mags Spectrometct TCDD

Number Resolutiaon - Concentration
85 ' ' 1000 1549 ppt
85 10000 1241 +424 ppt
86 1000 1237 ppt
86 10000 1261 +431 ppt
87 1000 T 262 ppt
a8 1000 293 ppt
89 Broken in Shipment
90 Broken in Shipment
91 1000 12} ppe
91 1000 106 ppt
92
106 1000 173 ppt
106 1000 , 138 ppt
107 1000 231 ppt
107 1000 175 ppt
167 1070 : 247 ppt
108 1000 261 prt
108 | 1000 418 ppt
109 1000 300 ppt
109 1000 309 ppt
119 1000 611 ppt
119 3000 514 ppt
120 19000 4l4 ppt
120 3000 353 PPt
24
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Rapid Technique for Quantifying
Tetrachlorodibenzo-p-Dioxin
Presgﬁt in Chlorophencxy

Herﬁicide Formulations

by
B. M. Hughes, C. D. Miller, M. L. Taylor, R. L. C. Wu’
-G, E. Hill, Jr.l and T. O, Tiernan2

Chemistry Rescarch laboratory
Aerospace Resecarch Labotateries (AFSC)
Wright Patterson Air Foreo Base
Ohio 45433

ISystoms Research Laboratories, Daytea, Ohio 45440

2huthor to whom reprint requests and corrospondence should be

addressed.
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BRYEF
An improved columanhromacography proccdurd has been dcf?ioped.fdr use
with a uniéue. automated gasichromﬁtograph?qhadrupole mass spectrometer
system Lo determiﬁe 2,3,7,8-tetrachlo§od1beuzo-p~dioxin coneentratiqns-as.

low as lﬁ"s'gla sample, with a relative standard deviation of about 6%.
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ABSTRACT

An improved column—'-cb;:omtographj procedure .is -&cacribed for etficient ’
© extractfon of 2,3.?,8wtetrachlo:odibenzo-pvdiokin'(chﬁ} from éﬁlofbﬁﬁendxy:
hexblclge matrices. This procedure is ?apid,-doua not icquire concéncrétion
of clunte prier to analysis, and minimizca_nnmplg ﬁnd giassﬁére han&linﬁ,“ |
thus zeducing toxiciﬁy hazards. A hiphly atable, au?omaeed gas chromatograph- '
quadrupole mass speccfometer (GC-QﬂSj syutem has been develope@ for
quantifying TCDD in the column~chromatography eluate at levels as low as
10"8 gfg sample, The relative standard deviation is 6.32 for the averall
procedure, Thé bC-QMS system permits dircct introduction of éhe GC effluent
at flow rates of up to 30 ml/min into the M5 fon socurce and is equipped with
pnevmatically operated valves for sutomated venring of components which are
not of interest. The GC-QMS is equipped with an automatic sample injectﬁr
a~1 a data acquisition and control system wivi~h allews continuous unattended

operation for perfods up to 24 hours.
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The chemistry and toxicelogy of chlorihatﬁd derivatives of dibenzo-

p~dioxin (1) are summar ‘ved in two, recenf publicﬂtinns.(l’z)

9 N
H .

H
6 4

indlcates that theoretically there are 75 possible chlorodfoxing;

Blair(l)

after hoving fnvestipated the toxicology of several chlorodioxing, Schwetz(3’4)
concludes that 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,?,8-TCDB) has "an
vnusually high*toxicity." Based on Iaboratory animal studies, 2,3,7,8-TCOD

has been found by Schwetz(J") and othcrs(s’ﬁ)

to be embryotoxic, acnecgenic,
and lethal (in guinea pigs) after a sinpgle oral doga 9mouut1nﬁ to 0.6 pg

of 2,3,7,8-TCDD per kilogram of body weipht, Rimbrough(7) in a rcvic#

of the toxicology of 2,3,7,8~-TCDD aﬁd related maéorials indicatcs that the
physiologleal effects of this material in both animals and humans are quite
detrimental; instances of 1lluess among industrial workers in plants
manufacturing trichlorphenol have been reportud.(T) It has been

established (&+9:10,11)

that during the synthesis of trichlorophenol,
invoiving alkaline hydrolysis ol Ectrachlorobcuzono, 2,3:?,8—TCDD is {ormed.

Subsequent use of contaminated trichlorophenal for synthesis of more c¢omplex

16
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orpgonochlorine c@mpounds maylleéﬁ Eb fina- products c;ntaminatcd with
z,a,r,aaycnn. Iindeed, noare(lz) indicate. that chloriﬁatcd dibenzodioxiﬁs
or dibenzofurans have now been found as contamingnta.in fungicides
{pentachlorophenol), herbicides (2,4,5~tr1ch16rophcﬁbxyacéﬁic ac#d), and
folthlorinated biphenyls. Interest concerniﬁg the possiblqleffects of

dioxin-contaminated 2,4,5-T was aroused by the work of Couttney(ﬁ'g) which

(10)

precipitated Congressional hiecarings amd, subsequently, action by the

u.s. Environmeﬁtal Protection Agency.(ls)

(14,15)

Continuing concern about 2,3,7,8-TCDD has prompted attempts to

deterwine {ts prevalance in a wide variety of.substanccsfiﬁcluding

1’(15»17-18) (18,19,20,21,22) and various chemical

(16,19,23~30) Certain of

sol animal and plant tissue,
matrices —- especially pesticides and_herbicides.
the techuniques reported for assaying cnvironmental and biological saﬁplus
for 2,3,7,8-TCDD coentaent are puréortcd to be quite sensitive, permititing

12

quantitative analysis of concentrations as low as 10~ g of 2,3,7,8-TCDD

per gram of sample. However, methods for apalyzing chemical products such

‘as herbicide formulations nced not be ultra semsitivd, because herbiéiJEé"

are groatly diluted prior to applicatrion. Thus,_auﬁlytical methods which

are iess sensitive (].‘(It"8 g of 2,3,7,8-TCDD per gram of sample) are sufficient
for analysis of undiluted herbicides. In addition te the scpsitivity of
tﬁc'analycical methed, however, there is thé need for specificity to permit
unequivocal identification of the 2,3,7,8-TCDD. Maoy chlorinated herbicides
and pesticides have chemlcal and physical properties which are similar to
those of 2,3,7,8-TCDD, and these compounds may interfere with the

quaﬁtitative determination of the latter. For example, polychlorinated

1677+



. . . o 5 _
biphenyls and DDE (arising fxom dbhydrohalogenation of PIT) have_bcen

implicated as interferences in certain methoda.(20’21)

Of those analytical
methodg éurrcntly.évatlable, coupled gas chromatography-mass spectrometry

(GC-MS) affords the most powerful combination of sﬁecificity and sensitivity,

‘and several of the methods cited previouslytlg’ZBHSI) make use of GC-MS
" instrumentation. ‘ A ' ¢
Inbthis laboratory & method for determining 2,3,7,8-TCDD in a large .

" number of chlorophenoxy-type herbicide samples was spught. Implementation

of methods reported in the;literatuta(lﬁ’lg’23“30)

;proved impractical because
_ these mechods either lacked specificitj or reqﬁired tine-consuning,
inherently irreproducible procedures which rendered them useless for large
numbers of determinations. The aim of the preseat study was to develop a
nmethod which would elimipnate these procedures — ﬁartidularly concentration
steps, sample transfers, and rigorous glassware cleaning.. A greatly inproved
nethod for determining 2,3,7,8~TCDD in chlorophenoxy herbicides is reported
-hcre;'a simple and rapid sanmple~prepardtion sequence acc&mplished with - u
completely disposable glassware and smsll volumes of herbic%de and solvents
minimizes handling = thereby reducing toxicity hazards -~ and eliminates

the concentration of sample extracts. The sdmple preparation is followed

by direct analysis of the extract using GC-MS, The 'irnstrument described here
1s a fully nutomated gas chromatograph-—quadrupole mass spectrometer {GC-QMs)
systen developed in this laborarory; the quadrupole maés Filter is capable
" of sequential monitﬁring of as many as six masses and unattended
operation for periods up to 24 hours. With this procedure, TCDD detection

sensitivities of 2 x 10’3 g of 2,3,7,8-7CDD per gram of sample are achievable

routincly, and large nunbers of samples can be analyzed rapidly.
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EXPERIMENTAL

.

§£§rﬂnrds and Réaé;nts. The beazeno (Ngqoﬁradus ﬁéed.in tiuts study
was obtained from Mallinckrodt, and the hcx#ne (Pestic;déquality) was
obtained from Matheson, Coleman, and Bell, Alumina (Figher Scientific, A 540,
80~200 mesh) was conditioned at 120°C for at least 12 hf and maintained at
that temperature unti) immcdiately prior to use. 31iica geol (Hétheson,
Coleman and Bell, GC grade, 100-200 mesh) was used as received. Tﬁé
2,3,7,8-terrachloredibenzo~p-dioxin used to prepare calibration standards
"was obtained from Dow Chemicai Co., Midland, Michigan, and was cextified
to be 98.6% purc, bas.u on mass-spectral analysis. Iﬁeumgss spectrum
‘of the Dow 2,3,7,8~TCDD sample was also determined in this laboratory and
compared with that of a sample of 1,2,3,4~T00ﬁ obtéined from Analabs, Iﬁc.
The results support thé Pow purity estimﬁtcs.

Column~Chronatography Procedure. The followxna sample pretrcatment

' or clean~up procedurc was developed for removlng compounds which interfere
with the GC-MS detemination of 2 + 337 8-TCDD.
1. Prepare 2 30-cn glasrz column using 10 mm o.d., standard-
wall Pyrex tubing (onc end of glass tube is pullcd‘down
to 2 mm o.df). “ . S
2. Insert a plug of silanized glass wool iato the column; add

4 g of silica gel followed by 4 g of alumiaa.
3. Moisten column with 20% benzene in hexane,

4. Dilute 1 g of herbicide with 0.5 wl of 207 benzene in hexane,
and transfer thie solution to the molstened column, Wash the
vessel with an additional 0.3 ml of solvent, and add the wash to

the top of the column. 1¢9-
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J. Allow the herbicide solution to percolate imto the alumina
&t the top of the column and thea elute with 20% benzene

in hexane,
6. Collect and discard the first 5 wl of colume eluate.

7. Retain the next 6 ml of cluate for andlysis. An aliquot of

this eluate is injected directly inte the CC~QMS apparatus,

The time required for .this procedura is about 30 min; however, in practice,
one analyst can operate up to four columns simultangouSIy. Auvtomation of
this procedure is possible,

Automated CC-QMS System. In order to perform quantitntive_determinatiohs .

of TCBD at sub-parts-per-million concentrations in hcfbicide formulations,
a uniqge, automated, wultiple-ion-monitoring gas chromatograph-mass
spectrometerhsystem was desipgned and fabricated in thig laboratory. The
system, shown schematicaily in Fipure 1, inclu@es a gas_chromatogr;ph
(Model 2740, Varian Instrument DiQision, Palolglto, California) equipped
with a Varlan Medel 8000 automatie sample injector and f}ame_ionizatiou
detector. The chromatograph was modified to inelude a switching manifeld
(shown in detail in Figﬁre 2).which consists of three ﬁ;gh-tcmperature,
t;0huay switching valves lValéo Idsérument Co., Honston, Texas)} and

two variable leak valves (Granville Phillips Co., Boulder, Colorado).
This manifold is mounted inside the oven of the gas chromatograph. The

drivers on the variable leak valves were removed & in, from the hot zone --

although the valves can operatc at temperatures in the regiom of 250°C,

1.0+



the drivers can operate oaly to ?S‘C (euginéeriﬁg drawi@ga for_modtfving
these vnives verc subélicq ﬁy the brauv?lie-?billlps Co,}. The tublng
used in the m;nifol¢ pn& thiroughout the heated ﬁbttiﬁné of the system 1is
1/8-in.~0.d. stainless stcel lined with glass tavailaﬁlc from Alltech
Kssociatea, Arlington Heigles, Illinois). Suiféhiag anve'No.ll {sce
Figure 2) is equipped with 3 sol?noid-aetuatéd pueumqtic Operﬁtor whinh
permits automated venting of the aolveqt (ot'oyher components which are not
of interest). When the helium effluent from the chromatographic column is
being vented, hellum from an auxiliary line cantinues to enter the mags-
spectrometer ion source. ‘The needle valve in the vent line and the prossure
regulator in the make-up helium line permit appropriate adjustment of flows
and pressuxces; therefore, whem Switching Valve No.ul is in either “solvent
veﬁﬁ" o; "normal £low" position, identical preumatic conditions prevail and
masg-spectrometer fon-sourec conditions are unperturbed whicli prevents larpe
shifts fn the base-line signal output from the mass spectrometet and permits
smooth dinstrument ob;ratton even duriﬁg repetitive swltching of Valve No, 1.
Switching Valves Wos. 2 and 3 are_interconnected by weons of a loop which
inciudes a Matheson Model ALL-100 linear mass flowmeter (Matheson Gas
Prgducts, East Rutherford, N.J.) and =2 ﬁressurclgaune (Mythcson Model
IP/N 63-3103). The pas flow and pressurse in the iine'to the mass spectroaneter
or to the Ilame-ioni#ation detector (FID) can be measured dﬁring.actual '
operation of the instrument, with only slight perturbation in signal
output from either the FID or the wass spectrometér. |

The quadrupole mass filter employed is manufacturced by Extranuclear
Laboratorles (Pittsburgh, Pennsylvanin). The mass filter and source are

housed in a 6~in. stainless steel “T," and the source and mass-filter regions

1 o 1lid<



#re separatod by-mcnné Qf a Teflon collar which permits differsmiial pumping
ef the two tcgi;ns. The analyzex icgion is puwéed by a 4-in, Varian-¥RC
Model 161-2 oil-diffusfon pump, ﬁnd the source eavelope i; pu.ped by a

G-in, Bendix Model PYHFIGO diffusion pump. Both fumps ate‘equipped

with gate valves and cryogenic traps. Pumping in tha source‘fegion'is
adequate to pernit dircet introduction of the gaswcﬁromacograph effluent

at flow rates up to 30 ece/min uithoﬁt thé use of a heliuw sepaprator. Typical
pressures in the source envelope duriéé operation are on the order of

1x 107t tors, and a pressure of 2 x 1070

torr is maintained in the’
snalyzer rcgion,
The mass spectremeter in the confiéuration described has a maximum
mass resolution of 1000; for the studies described herein, however, the mass
resolution was adjusted to about 200 ac m/e 320, and 3 single mass fragment

(m/e 320 or m/e 322) was monltored as a function of tiwme to obtain

quantitative data.

Ee v a - ]
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To permit automatic data acquisition aﬁd contrﬁi;rthc CCHQMS‘;;steﬁd
Qas equipped with an Autoladb System IV Computing Integrator (Spgctf&-
Physics, Inc., Mountain View, California), to display theé data im dipital
form and also to record the data on punched paper tépe ﬁ#ing_aﬁlﬂsﬁ-33
Tesctype, Mass chromatograms were acquired on‘é‘séfip;éhar; £;éﬁf£;r.
A RP éllG-C computer was programmed to reduce thie data from the punched
paper tape and to compute the dioxin concentration and the percent
standazrd dcvintiﬁn for each sample injection,

In the fully automated modc,.the GC-QMS functions sequentially as

fallows:

8 1=



1. Automatic sample injector purges syringe, loads sample

syringe, makes Inlection, and activates integrator.

2. Integrator begins data aéquisition and, after)é étograﬁuable
time delay, activates solenoid vent valve.:”Thié valve :
automatically switches the GC effluent intd'tﬁé Q&S afté; the -
solven; has eluted, allowing all cfflué#t to enter the ion

source.

3. After another programmable time delay, the integrator
closes the solvent vent valve, computes areas, and yields

printed and punched paper tape records of data.

4, After a preselected time interval corresponding to the
duration of the above process, the automatic sampler reactivates

the above eyele.

The time required for a‘complctc instrument cyclé under the operating
conditions outlined is about 15 min. The instrument was calibrated using
a 2,3,7,8-TCDD standard as noted previously. In practice, the automatic
sample-injector carrousel was loaded in such a way that one standard
was Injected after each three unknown samples. Duplicate-injeétions of
sémples and standards were also made, The procedure markedly improved
the precision and accuracy of the data obtained.

Specific operating parameters for the gas chromatograph and mass

spectrometer are as follows:

1x3+
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Gaa‘Chrpmatograph;
~ Column; ' i + 6nft'x 1/8win. o.d. glass cbiled‘;olumn
packed yita 10% OV-17'6n 6hr$ﬁ;§ofb HIHPW
Coxxier Gas: - Helium at 30 cc/min -
Temperaturea: Injcctioﬂ Port - 240°C
Column ~ 230°C
FID detector ~ 240°C

Transfer line into mass spectrometer - 310°C

Mass Spectrometers

Yonizing Voltage: 23 ev

- Meltiplier Voltage: 3500 V
Envelope fressure: 2.3 % 10-& torx
Analyzer Pressure: 3.5 x 10"6 torr

-~ To corroboratehdata oBﬁaihed with the GC~QMS, a_doublc_Peam M§-30
nass spectrometer AEL Scientific Apparatus, Ltd. (Manchester, England)
‘coupled through a silicone ﬁembranc separator (AEI Modci uﬁozg) to a
Varian 1440 gas chromatograph was employed. The operating parameters for

this system are as follows:

~ Gas Chromatograph:
Column; 5-ft x 1/B8-in., o.d. stainless stcel packed with
1.5% 0V-10% on Chromosorb G/il? (100/120 mesh)
Carrier Gas: Helium at 55 cc/min
Temperatures: Injection Port - 260°C

Column ~ 202°C

10 1i3=
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Masa Spectrometer;

Resolution:  * 2000
Tonizing Voltage: 70 ev
Source Temperature: 250°C

Separator Temperature:  183°C

RESULTS AND DISCUSSION

Preliminary experiments with typical herbicide formulations demonstrated

‘that ‘successful implementation of a specific-ion-monitoring GC-QMS technique

for detexrmination of 2,3,7,8-TCDD would require a sample.pretreatment or

clean-up procedure, Nominal separation of the primary ester components of the

| herbicide matrix from the 2,3,7,8~TCDD can be accomplished by gas chromatography;

however, since the ester componcnté elute from the column prior to TCDD and
are present in much larger quanticies {by a factor'of 106), they do in fact,
interfere with the TCDD analysis due t&_ééiliég of the main cﬁhpoﬁeﬁt peaks.
It is therefore desirable to remove the bulk of the escers prior to
injection of the sample Inte the GC-QMS, Horeovér, many of the herbicide
samples were observed to contain other high-molecular-weight ébmpuunﬁs
which elute from the gas-chromatographic coluwnjiong aftefutﬂEPfCDD;’ If

2 = e .
st also be removed

sample analysis time is to be minimized, these cémponents iy
prior to injection into the GC-QMS. Otﬁcrwise, the peaks arising from thése
compounds interfere with the TCDD peaks originating from éubbehuent_saﬁple
injections. Attempts to measure the TCDD by direct injection of herbicide

samples into the mass-spectrometer ion scurce were also unsuccessful;

in an attempt to detect the veory low levels of TCDD present, a ver, large

Il 11{}..
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volume of herxbicide wag introduced ru.too 1§rgo for the available pumping !
capacity of the sysﬁcm e and the resulting 1on-80urce‘pr§ssures were
excessaive, |

In initial efforts to isolate 2,3,7,8-TCDD from chlorophenoxy herbicide
matrices 2 previously.repbrted liquid chroratography method w;s usgd.(lg)
Thia procedure involvés dissolving 5 g of sample in 25 ml of sclvent (207
benzene 1& hexane) and introducSngwthis solution onto a column containing
50 g of silica gel cquilidbrated with the solvent. This procedure requires
about 2 hr and yields the TCDD in 100 ml of solvent. A concentration step
must be performed before the snﬁple is injccted into the GC-QES. A
simple solvent evaporation step used in the proce&ure deseribed earlier(lgj
is difficult to accomplish in a reproducible manner and can lead to TCDD
losses. Alsc, all glasswarc and vessels ugsed for a given sample must be
¢leaned with extreme rigor to aveld carryover of TCDR in subsequent
analyses. Since these steps are time conﬂu&ing, a shorter and more
éffiéicnﬁ procedure was sought which would mini;ize tge vglume of solvent
needed in the liquid-éhromatographic sequence and would permit the use
of disposable columns and containers.

(22,23) as a useful

Since alumina has bécn mentioned in the literature
médium for isolation of TCDD from ééffaiﬂ sampléé;‘it; uéiiity in scparating
TCDD from the chlorophenoxy matrix was examined. Liquid-chromatography
columns of varylng dimensions were prepared iting alumina and alumina-
silica gel combinations, and the efficacy of these columns was determ’ned.
Standﬁfd solutions ofvTCDD. as well as éhloropﬁénoxy herbicide samﬁics

doped with koewn amounts of TCDD, were chromatographed using the various

columns, and aliquots of the cluate werce collected and analyzed for TCDD

136+«
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using the GC-(MS .ﬁppnratus dcucribcd oa{rlie_r. _Ploféed in Figdre 3 are
typical data which {1lustrate the distrihution of TCOD im the eluate fron
a column preparéd using 10 g ench of silica gc; and aiuminalin a lo?mm-o.&.x
30-cm-long glass tube. ~The 2,2,7,8-TCDD 1s scen to elute entirely in
6 ol of thelsofigq;. Attempts o collect only the “conter fraction™ of the
6-ml aliquot led to irreproducible results. Apparently, variations whith
occur In the preparation of the columns cause the elution pattern of .
2,3,7,8-TCDD ﬁo vary somewhat from column to column; nevertheless, analyses
based upon collection of the entire 6-ml aliquét of eluate are observed to
be quite consistent. Mass chromatograms (lastrument tuned to monitor m/e 320)
of a chlorophenoxy herbicide extract obtained using the silica gel-alumina
columa are shown 4in Figure 4. Most of the interfering compouvnds have been
effectively removed; and the TCDD peak 13 elearly resolved from those of
the remaining compounds which also exhibit mfe 320,

Further studic? were conducted to assess ghe precision and accuracy
of the analytieal d;ta for Tcﬁb oﬁtained by me;ns of'thé-c]e;n-up technique
described above, 1In these experiments accuratfly doped chlorophenoxy
herbicide samples were analyzed as well as samples of herbizides knowm to
cqntaiu 2,3,7,8-TCOD as a contaminant, _Tableli showslthg_ggasurcd concen-
tration of 2,3,7,8-TCOD in an extract of an acfual field sample of a
chlorophenoxy herbiélde which was detormined by makiné six sequential
injections of the same extract into the GC-QMS. These.results are indicarive
afl the precision of the GC-MS measurement, and the relative standard
deviatiow is seen to be 1.87. 1In Table II the wesults for five different
1-g aliquots of another herbicide specimen are presented. Each of the

sanples was subjected to the clean-up procedure, and the resulting extracts
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were analyzed using thg GC+MS, Thege data indicate thét the reproducibility
of the overall analyticgz_-process is +6,3%, ‘

In Table III the levels of TéDD observad in fcspgctive sub-fractions
of the 6 ml of liquidnéhromatography colunn eluate are shown fﬁr a geriesg
of replicate herbicide samples (both doped and coﬁtainiua only "ﬁative“
Tcm:j. While the level of TCDD in a given sub-fraction varied markedly*
within the set, 1t should be noted that the analyses of replicate snmpics
based on the total TCDD in the entire 6 wl of eluate ~ve in egcelleﬁﬁ )
agreement. | ,

It 48 evident from the data shown in Figure & thaﬁ cven after
application of the sample clean-up procedure Qescribed above, several
herbicide components which exhibit a mass gpectral peak at mfe 320 remain,
These components are usually resolved by the gas-chromatugraphic column,
and the peak corresponding to TCDD can be determined by comparing the retention
times of the unknown ﬁeaks with tﬁat obtained for a TCHD standard. To '
verify that the peak identified as Tébn includes no other comporents (having
identical gas-chromatograﬁhic retention timns) several isotopic peaks in
the mass spectrum may be monitorcd simultaﬁeously and the ratios bf these
compared with the corrc;ponding ratio for a TCPD standard and with the
theoretically predicted ratios of chlorine isotopes. Such a ceuparison is
shown in Table IV for the ratio of the m/e 320 to mfe 322 peaks [molccﬁlar
jon and {molecular ion + 2) isotopilec peaks]. The expected peak ratios are
observed for the unknowns, confirming that the monitored component is

indeed TCOD,

. | 14 | 136+
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For futthcr vctﬁfication of the accuracy of thé results obtained with
the described procedure; the extracts frowm Bchral samples were ai,o |
analyzed using an MS-3Q doublc—beam M98 apectromctcr couplea to a Vatian 1400
sas-chromatograph. Single—inn monitoring was pgain employed, and the cxperi-
nental conditions were similar to those deseribed for the auto;ated éé—QH?
_apparatug described earlier. With the M¢-30 instrument, however, a. '

diffeceat gas-chromatographic column packing was utilized -~ 1,5% OV-101
on Chromosorh G, With the MS$-30 tuned to mfe 320 and the resolution adjusted
to 2009, the data reported In Table V were obtained for a series of sesmples.
For comparison, the corresponding results obtained using the quadrupole
instrument are also presented in this table. The data are seen to be in
reasonably geod agreement.

Other herbicide formulations consisting of octyl ond iscoctyl esters
of various chlerophenoxyacetic acids were randomly selected for amalysis
using the described methodslogy. No difficultieg were cncountered, and
these results indicate thuwt 2,3,7,8—TCDD can be quantified in 3 wide

variety of commercial herbicide formulations using the analytical methodology

described here.
CORCLUSICGNS

An analytical method has been reported for rapid dcterﬁiuation of
2,3,7,8-TCOh at concentruations as low as 10’3 ¢/ sample in a variety of
sample matrices, including the butyl esters of dichloro -and trichloro-
phenoxyacctic acids, Commercially available herbicides -- consisting of

solutions of octyl esters of 2,4-D and/or 2,4,5-T in concentrations ranging

15 o
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frem 7 to 65% =~ have also beea assayed for 2,3,7,8-TCOD content without

difficﬁlty. ﬂthe automated GCoQMS aystem developed for these applications
is higﬁly sensitive —u ye£-éx:remgiy stable =~ and thereby leads itsélf‘to
uﬁattended, automated oberatioﬁ for-long periods, Such instrumentation is
'undoubtcdiy ;%e #Q}Jfé'ééskaeffchtiQe quality-control ﬁrpgrams in vhich
.ataéiaffcally_ﬁélié";;ﬁﬁliﬁé.t&dhhiéues are implemented to monltor hazardous

~ components,

These studies were supported {in part by the U.8. Air Force lLogistics Command.
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Figure 1,
Figure 2,

Figure 3.

Figure 4.

PIGURE CAPTIONS

Schematic ropresentation of automatp& GC-QMS system.

Diagram of switching-valve manifold for automated GC-QMS system.

Distribution of tetrachlorodibenzo-p-dioxin in the solvent eluted

from an alumina-silica gel liquiﬂ~chtomatography column,

Mass chromatograms (monitoring w/e 320} obtained with the
GC-QMS for a TCDD standard (80 ppb in 20% benzene-hexane

solvent) and for two herbicide extracts.
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'.I‘shle_i._ Replicate Amlysef‘? of a Single Extract F@'
; An Unknown Hexbicide Sample

S g/ Foun
Analysis No, . ’ < Copm)

1 | o3
| 0,134
0.133
0.131
0.138

¢t U D W N

© 0,348
% e 0.3
&= 000257
%s = 1,8°

g’i‘; Afithmr.ic mean
bs = Standard deviation of the mean

"ch = Relative standard deviation
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A
Table IL, Replicate Analyses {(Separate Extractiona) of
A Unkoown Herbiclide Samplg
pgle Found
Sample No, S {ppm)
1 ' ' 0.22
2 0.8
3 0.20
4 ) 0.2
5.0 e
P ETE OF T

C o e=0.0138%

a X = Arithmetic mean

b

g = Standard deviation of the mean

¢ L5 = Relative standard deviation

P e
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Table III, TCDD Levels fn Practions of the Fluate £xon Li.quid
Chromtography Column (Alumina—Si.li.ca Gel)

ug TCLD Found
, (ppm) .
s e e ‘ase ass®
First 4 ol of eluate  N.D.  N.b. Kb, KD, N.D. .
Next 1 ml of eluate ND. WD ND. N5, N
Next 1 ml of eluate  0.034 0.013 0007  0.004 0,20
[ Wext 1wl of eluate . 0.0 0058  0.065  0.048  0.32
-_"-!ie:n:t 4 nI of eluate'-'- 0.3 Mﬁﬁ ' m Q;L:@. 9_-95'... |
| Totsl Found 0.59 'n.iz'll_ 0.188 0.8 059

Samples designated K, E, etc., arc teplicate samples from same
herbicide specimen,

bSpiked with an additional 0.33~ug 'lfCDD/g.
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Tﬂble v, Observe& and Th%oretically rredicted ) L
Rat;ias Qf TCDD Isotopic Peaks : e

"fjﬁ___!’li o -. ' 132;_{1322 |
| -_ao m sed, S ¥ T 'o.,BT:_fz
| ”5._”’-- o 0.8, 06
e Y % TR
TS L ':-.-; o i 6.89 |

5‘$heoretiﬁa1 .; =' "f' _é :Q.?i '”:if i?"7;ﬁ; T

‘ aSamplcs designated as ¥, F ‘ete. are replicatu snuplea from game
herbicide specimen. }
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Table V. Cdmpafison of High-Resolution and
Low—llesoluu.on Gc-MS Results

. #

- ns/% FM;R‘*

‘ sampre® S gﬂﬁ_ ;le ' GEMS-30 -'
a6 0.07 0.0
436-2 0.07 E 0.05

" 4341 . 0d3 0.31

L 414-2 S .",".' . e

e e o e

Samples designated -1 and -2 are duplicate injection" of the
same sample extrant,
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AUITOMATIC
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SECTION"IV

SPARK~SOURCE AND'ELECTBON-IMPAﬁT MASS=SPECTROMETRIC STULLES

ﬁuring this final reporting period, spark—sourcé and electron~
impact mass-spectrometric mel ods were employéd in Aif.Furcc Hac$¥ials
_Lahoratoryn(AFML) research programs. These analytical efforts and results
are described herein. Spark-soﬁrce mass~spectrograpliic (SSMS) studies

pexformed earller are detailed in previous rcparts.jﬁ-la

INTRODUCTTON

Specific caupes of fallure of béarings ia the Third Generation Gyro
{TCC) to be used in Minute Man III were gought by various nondestrﬁztive
analytical mass-spectrometric techuiques, The amount and kind of
inorpanic contaminnnts an the surfaces of geveral "inner" bearing components
as well as other specimens were determined using spark~source mass
spectrography; the sample-handling procedures aud results are given below.
In addition, cemposition ¢f gsevwen pas samples and the outzessing products
from a rejected motor stator were determsined using conventional electron-

impact mass spectrometry, and these results ave alse discussed herc.

SPARK~S0URCE ANALYSIS

Spark-source mass-spectrographic analyses of beryllium bearings,
sublimation products collected on glass slldes, stators, and epoxy were
carried out and the resulting elemental data are shown in Tables 11, ITI,
and 1V, These analytleal efforts were carried out with the aim of

jdent ifying surface contaminants causing beariog failure.
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TABLE 1X

SSMS ANALYSIS OF BERYLLIUM-BEARING SURFACES®

Bearing
Besignation

No. 37

No. 17

No, 32

Wo., 32 (after
benzene, heidne
vltrasonic rinsc)

Elemental

Composition
€a, Tf, Cl, 51, AL - High
S, Fa, Zn, P, B, ¥, K ~ Medium

C1, Si - High

Al, 8, Ti, €Ca, K, Fe, Zn, P, B, F - Hedium

Ca, Ti, 5i - High
€1, Al, S, Fe - Medium
F, Zn, Li - Low

Ca, Si - High
Cl, Al, S, Fe - Medium
Ti, F, Zn, B, Li ~ Low

Cr, Fe - fligh

dplements listed left to right in approximate order of decreasing

abundance,

bRelative amounts of observed surface contamination: No.>3 No. 17»*No. 32>

No. 32 (cleaned).

o sample desigﬁation - submitted for analysis in early March of 1975.
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TABLE -IIX

SSMS ANALYSIS OF DEPOSITS ON MICROSCOPE SLIDES

S8lide Elemental
Designation ) Composition
8a° B,S - High

Ti,F - Medium
in,Cl ~ Low

6 ' _ B ~ High

$,F,Ti,2n,C1 - Appear to be slightly
above background

5 B - Righ

Zﬂ,Ti,S,F = Medium
Cl - Low

%S1ide 5»$1ide 8A>Slide 6

27
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TABLE 1V

SSMS ANALYSIS OF STATORS AND EPOXY

Sample Elcmental
Designation Composition
Stator 17 % _ F,C1,K,Ca,51,A1,2Zn,Cu,Fe - High

Li - Medium
T,Cr,B,B ~ Low

Stator 22 S1,A1,B,C1,Ca,Ba - High
Zn,P,Fe,Cr,T1,A},8i,Ca ~ Low

Epoxy 51,A1,C1,Li ~ iligh
Cd,Fe,Co,5 - Medium
K,B2,Ca,B,P - Low

aStatof 17>>Stator 32

28 _
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The tectnique used for sample removal and anhl}sia involﬁcd wipl

areas of interest with one end of an indium wire (-~ 3-mm diam) and I
subsequentdy analyzing the wire using an AEI MS-702R spark- seurce mass
spectrometer. Recorded spectra were compared with suitable "blanks.”
Surface contamination was not apparvent (visual fnspection) in any of the
analyses, and the amount of surface contaminants removed: by indium
pressing is unknowm. However, relative amounts of surface coptamination
are Indicated. in the tables.

Additional suppested analytical work to ald in diagnosis of the
bearing problem includes: ‘

(1) SSMS analysis of cleaning and polishing agents cmployed
during bearing fabrication such as Freon, diamond paste, alumina, etec,

(2) TPurther SSMS analyses of surfaces of bearings having known

failure characteristlcs.

ELECTRON~IMPACT MASS-SPECTRAL ANALYSIS OF GASES
The gas-sample vessels received from AFML were labeled as follows:

™ No. 11, 1-15-75

Float Sample Atm No. 220

Cas Sample from No. 11 Float, 1-16-75

TH No. 13, 1-13-75

Gas Sample from Float No. 20

Charge Gas - (SDL

Charge Gas ~ Novthrup
The content of the seven vessels was determined using an AEL MS5-30 mass
spectrometey with 70-cV ioniziug voltage and a resolution of 1000. All

samples were admitted divectly into the source region of the MS-30 via

an all-glass inlet system which was maintained at a temperature of ~ 43°C.

29 108+
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Tbe gas-sample vessels were heated to 65°¢ durinaliatroduction'of the
samples, Table V gives the results of these analyses; representative
spectta are attached. The helium-Freon mixture listed in the table
(prepared to contéin 0.147 volum& % Freon) woa used to calibrate the
aystcm {the Freon was abtained through AFHML from Northrup). The Freons
determined in the gas samples conslst primarily of Freom 113 (CIF C~CFC1 )
as ;ndicated by the presence of Intcuse peaks at mfe 101, 103, 151, and
153 4in the mass spectrum, with m/e 101 as the base peak. The presencc

of some other similar Fluorocarbons (such as Cla-C-CFs) is 1nd1cqted by
‘the fact that the relative intensities of certain of the mass peaks in
the gpectra are somewhat greater than iﬁdlcated in the availabie standard spec-
tralgfzohmwever, the overall cracking pattern is most certainly that of

a C2 3813 Freon. The levels of carbon dioxide indicated in Table V

are coxrected for background--which was guite substantial--and, thus,

the accuracy of these results is net so high as for toluene and Freon.

c.. .o
MASS-SPECTRAL ANALYSES OF OULGASSING PRODUCTS FROM TGG COMPONENTS

A, Rejected-Motor Stator

A special inlet was fabricated which permitted the intact motor
stator to be enclosed in a glass and Teflon chamber; after evacuation of
the chamber, thenutgassingproduets vere admicced into the source of the
mass spectrometer via the gas-sample introductien probe. Initial attempts
to analyze the outgassing products from the.rejccted motor stator were
halted when gross amounts of Freons and possibly other outgassing products
were encountered, The all-glass inlet system used in the amalysis of the
gas samples (which provides a means for controlled admission of gas samples)

can be implemented in future studles of che motor-stator outgassing products,

1!.'- 53 T~
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TABLE Vv

PERCENTAGE OF €0,, TOLUENE, AND FREON FOUND IN CAS SAMPLES

Freon ,
Sample {total} Taluene 002
‘11 Float . 0.0414  0.,0130 0.0197
™ ) 2.92 - 0.0205
Heliun Charge Cas (CSDL) 0.0007 - 0.0004
Float No. 220 ' 0,0065 - 0.0263
Freon Calibration | o - 0.0001
Helium Charge Gas (Northrup) —— - 0.0004 -
™ 13 0 0.0001 = 0.0189

NOTE: Sample No. 20F was depleted prior to completion of the quantitative
analyses of these mixtures; however, based upon earlier qualitative
studies conducted in this laboratory, Sample No. 20F was found to
contain toluene and a lesser amount of ¥Freon.

31
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B, No. C-8l Inner

This bearing componenﬁ was analyzed using another speeial chamber [
whih was fabric#:ed from stainlesa stecl. The chamber was housed
inside the gag—chromatograph oven (an intcgrai part of the'MS-30)'and
waa connected to helium which cénstnntly flowed through the chamber aud
into the inlet system of the mass spectrometer--in this case, the inlet ia
a silicone separvator which is much more permeable to o;ganié'moiedulés
than to helium gas. Thus, organic species are preferentially admitteq into
the source region of the mass spectrometcr. The results obtained for
C-61, under 5dmitted1y iess th&n sdeal conditions, did not indicate the
presence of contaminants., This method of studying outgassing products
is presently being refined, and subaequcnt,studiﬁs will be made after

system optimization,

FLAME-IONIZATION GAS-CHROMATOGRAPHIC ARALYSIS Of SOLVENTS

For preliminary characterization of the three solvent samples from
Nortﬁrup, 1 u& of each of these solvents was injected into a Varian 1440-10
gas chromatograph equipped with 2 flame-ionization detector and a 6~ft B
1/8-in.~0D glass column packed with 3% CV-3 on Chromosorb W H/P. The
coelunn temperature was maintained at 3Q°C, The chromatograms obtaine&
are shown in Figs, 6 - 8. The relative % compositions of each of the
solvents are as shown. The presence of several impurities is readily
apparent from the data, Whether the liners of the caps on the sample
vials contributed fo these results is ope to question. The liners
appearcd to have sorbed the solvents to some degree, particularly in the

c@sc of the isopropyl alecochol. The solvents wers colorless, however.
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ANALYSES OF SURFACE CONTAMINATION ON HYDRAULIC PISTON FROM M-60
ARMY TANK. XN CONNECTION WITH PLUTD FAILURE PROBLEMS

The turret control system in certain versions of the Atwy's M~60
tank deployed at CONUS and overaeas locations utilizes a new, flame-
retardant hydraulic fluid developed under the aegls of AFML which has
the follewing approximate composition.

Fluids C40 oligomer of l-decene (Muwt 13 estimated - &000)

Additives: 15-20% dihexyladipate ovr alternatively a

trinethyl-0-propane ester

0.5~1.0% Ethyl 702 (a phenolic) (Mwt 425)

1.5-3% tricresylphosphate (Mwt 368)
7% Ba dinonylnaphthalene

In certain of the tanks the turret control system has malfunctioned
because of sticking of bydraulic valves. The problem has been ameliorated
in the field by simply disassembling the valve and wiping clean the
control surfaces. At the request of Major L. Fehrenbacher and Mr. E. Snyder,
APML/MBT, a piston removed from a faulty valve was cxamined by personnel
in tﬁe Gascous Tonization and Excitation Processes Group and analyses
of surface contaminants were accompliéhed.

The hydraulic valve component received from AFML is approximately
4~la. long and 1/2-in. diam. with 10 raised, polished meterlng éurEaCQs
which apparently are in close contact {< 0.001 iq. clcagqncc) with the yalvc"
‘body. Readily chservable on the surface of the piston are minute, black,
stringy particles and a rather uniform coating of hydrauvlic {luid. The
plston was handled carvefully (by grasping only the extreme end of the
piston) during all sampling. Three separate procedures were employed
to remove surface contaminants from the piston. tirst, several of the

dark, stringy particles were removed from the surface using the indium
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preé@ technique. (Soft indium wire was pressed onto the surface which
attaches surface contaminants,) Since the pi;ton as reccived was
coated with a £film of hydraulic fluid, particles hqrvegted in thié
first analysis neccessarily included some hydvaulic fiuid, In a second
analysis additionmal particles were collected from thelsurface and washed
with hexane which readily dissolves the fiuid, The washed partlclés woere
separated from thc-hexane, the hexane evaporated, and an indium press
ceample of the washed particles was obtalned. In the third and final
analysis one end of the metal piston, Including twoe of the metering
surfaces, was washed by submerging the piston jn hexane. The cleaned
metering scrfaces were found to be costed, rather uniformly, with a grey,
amorphous depoéit, a sample of whick was removed using the 1pdium press
method. All of the above samples were analyzed by D. Walters using the
M5702R spark source massISpcctromctcr.

In all three analyses, tﬂe dominant elemental species observed were
carbon, barjum, gilicon and sulfur. Some meéals wﬁich were found in
moderate amounts,-such as iron and chromium,.;re‘prcsuﬁea £$ be from
the substrate. In additdon, somewhat lower levels of phospliorus and
aluminuﬁ, (amounting to only a few % of the major species) were also
found. As expected the first of £ .nree analyscs'yiéldcdllargc quantities
of hydrocarbon frégments, resulting, of course, from the hydraulic fluid.
In the sccond and third malyses which were performed subseq.ent to
hexane washings, hydrocarbons were not detected above background.

In further studfes performed by Nes. Terwilligev and Taylor, a few
micrograms of the hexane~washed gum from the controlling éurface were
placed in a glass capillary and inscrted into the source reglon of the ¥MS-30
electron impact mass spectrometer. The direct Ilnscertion probe used in

this case was not cquipped for auxiliary heating of the sample and heating
37 146<



could be nccomplished only via transference from the source block. One

can auly roughly estimate the temperature attained by the s#mple in thiy |
fnstance, but certainly the sample temperature did not exceed 100°C. -
Source pressurc during this analysis was on the order of 13(10"6 forr.
Results from these studic are quite complex, but overall, the data suggest
that some higl molecular welght componunis aré present in the sgample which
in part at least are hydrocarlLion in nature, The presence of m/e 368

{along with other fragment lons which one would expect from TCP) in certain
of the scans suggest that TCP (tricresylphosphate) may be present. Other
masses in the spectra could bo accounted for by the barium nonwlnaphylene
sulfonate. MNowever, unequivocal identification of the atomic composition
of the mass peaks will requive additfonal work, The presence of TCP or

some other phosphorus containing specics 1s also suggested by the SSMS
results which indlecated the pr  :nee of phosphorus. The major constituents
found by SSMS ~ €, Ba, S8i, and § - suggests that either the Ba dinonylnaphthalene
sulfonate or a derivative thereof is prescent om the surface. Other distinct

possibilities are as follows:

a) The compound may be a physical mixture of the barium naphthylene
sulfonate, TCP and other substances which could arise from the rubbeyx
components of the hydfaullc systen,  Silicon rubber could be the source of

k]

the Si observed.

b} Since the manufacturer has indicated that in some cases the
barium dinonylnaphthalene sulfonate is added ro the fluid as a solution
and the excess solvent is subscquently removed by heatling, one wonders if
decomposition of the components occur during this heating process and/or

i1f 1t is conceivable that Interactions of the individual componecuts may

38
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occur Aduring Feating. In this regard ghe presence of 81 could be

explained 4f the heating takes place in a plass vessel.

It:should be noted that a more detailed and rigorous characterization
.0of the chemlcal compounds on Eh;;e surfaces is pogsible, but will requir;
a mc: axtensive program. A proper study, wﬁlch could be conducted glven
sﬁfficient éimé ;ﬁé suppo}ﬁ, woéld subject the various components volatilized
from the surfaces by programmed or selective heating to a pfcliminaty
gas chromatographié scparatioﬁ. Each of the individual compounds would
then be anélyzed and identified by mass spectrometry., Simi) analyses
would be made of the various chemical compounds which coastitute the fluid
of interest {(major components and all additives), and a dirvect comparison
would then be made with the surface contaminants iﬁ order to determine -
the origin of the problem, Such an approach would hauc'important appllcations

to a wide variety of materials degradationf/contamination problems in

which our laboratory has an intervest.

ANALYSTS OF M~60 TANK HYDRAULIC FLUID AND FLUID COMPONENTS

A, CGas-Chromatographic and Mass-Spectrometric Analyses of Fluids
Initial analysls of a samplc of M-60 hydraulic fluid obtained from
the field {labeled FRH Fluid April 2, 1975) was accomplished using a
flame-ionization gas chromatograph equipped wath bulk sample inlet. The
procedure for amalysis entailed placing ~ 2 mg of the fluid into an
aluminum sample boat, inserting the loaded sample hoat Into the chamber
of the bulk-sample jnlet, and then--while flowing helium through the
inlet at 20 cc/min and heating the chamber--shunting the helium eff luent

from the bulk-sample inlet at regular intervals into the gas chrematograph

:’ 8“"
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(equipped with a 3~in. Porapak P column and flame-ioniration detectoffy.
Thus, the outgassing products Ernﬁ the fluid sampie can be monitored and
plotted as function of sample temperaturc. Using the gas-chromatographic
procedure, the FRH £luid sample was found to contain large quantiiics of
a volatile compenent which was present in the gas phase at 35°C ﬁnd which
was increasingly apparent as the sample temperature approached 120& aftef
which the component dfssipated. Mass-spectral analysis of the outgassing
product {s) indicated the presence of Freon 113 (sce TableVI); in subséguent
discussions with Mr. E. Snyder, it became apparent that the source of
Freon 113 was--at least in part--the solvent used to clean the sample
vessel. MNevertheless, it was decided to examine samples of wnused £luid
obtained from barrels recejived from the supplier of the M~60 fluid in
order to ascertain whetlier any volatile impurities werec present.

Samples of uvnused fluid were to be obtained in vessels which werce
not cleaned wsing Freon 113, Accordingly, the fluid samples 08206~175C
and C8-206-176D were received from AFML/MBT on 5 May 1975 and were analyzed
ﬁsing the same procedure as that described for the VRH fluid sample.

A volatile component was observed in both fiuid samples which outgassed
from the fluid over the temperature range of 50°C-~180°C. The quantity

of the outgassing product was rather small but, none thglless, quite
apparent. Mass-specgral analysis of the outgassing cowponents from the
fludd samplés yielded the data also tabulated iun Table VI. The results
show that all mass peaks in the mass spectra of the outgassing components
from the FRﬁ sample, the 175C sample, and the 175D sample correspond to
peaks abserved in the mass spectrum of either Freon 113 or Inhibisol--a

cleaning solvent used during assembly of the M=60 hydroulic system. These
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TABLE VI

MASS-SPECTROMETRIC ANALYSIS OF M~60 FLUIDS

FRH Fluid €S~206-175C  CS$~206-176D Inhibisol ~  Freon

April 2, 1975  May 5, 1975  May 5, 1975 _ Mav 5, 1975 April 28, 1975

ne nle n/e nle nfe
170 : | 170
172 172
174 | 174
151 151 151
153 ) 153 153
155 155 | 155
132 ’ ’
134
136
117 117 117 117
119 119 19 119
121 121 121 121
123
116 116 116
118 118 w8
101 C1m 101 . 101
103 103 103 103
105 105 105 . 105
97 97 97 97
99 99 99 99
87 : ' 87 87
85 85 85 .
61 : 61 61 61
47 47 47
38 38 8 38 38
36 36 36 36 36
31 31 3 3
41
156~
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resylts indicate that either the sample containers for samples 1#50 and
I75B were cleaned with halocarbon-type selvents, contrary to the
procedure recomaended, or the M-60 fluid froﬁ vhich samples 175C and 175D
were obtained is contaminated with traces yf'halocatbon solvents.

The possible significance of the preseace of halocarbon solvénts is
quitelrcadily appreciated if one is familiar with thelchcmlstry of the
halocarben solvents. According te the litCtuturezl- and product“iﬁformationzz
from the manufacturer of Freons (E. I. Du?ont) Freon 113 readily
dehalogenates according to thc folluwing rcuction.

Zu

2 40 ~ 50°
HOU

ClFZC—CFCI *+ F,C = CFCL + Zn012

It is extremely aignificant that only mild conditions are required for
the above reaction and that alkali metals—~including bgﬁigg;—cntcr very
readily into a reaction similar to that noted abeve., Whether or not the
halocarbon components of Inhibisol can readily dehalogenate or dehydro~
halogenate in an analogous fashion may be verified by consulting the
literature and/or performing simple experiments in the laboratory. The
presence of C1 or HCL in tho M-60 hydvaulic system could quite possibly

lead to the following reaction imvolving the rust inhibitor in the {luid:

Ba BaCl

v

50
2 SO2

(dinonylnaphthalonc) + 201 + Holt =+ Ginonylnnphth&lcnc:' + HC1
2
+

H0502

dinonylwiphthalene
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Whether such a reaction is a mechanism for the generation of particullite
matter &n the used M~60 £fluid conld be verified by simple laboratory '
experiments, The composition of the particulatc from the fluid was

determined by spark-source mass spectrography and is discussed in the

next section.

B. Spark=-Source Mass Spectrometry

Finely divided particles were sicroscopically observed to be suspended
in the ¥-60 hydraulic fluid (NL'675-39). A sample of these particles was
collected by filtration using a Millipore silver filter (1.2 u) and 50 cc of
fluid. Afrer filtration, the sample filter was rinsed with heptane to
remove residual hydraulic flul&. The silver filter and a bLlank filter were
submitted tco the Caseous Tonization and Excitation Processes Group for
compositional cxaminntgon.

The subsequént spark-source mass-gpectrometric analysis revealed the
major impurities collected on the filter to consist of Ba and 8. Certale
elements of particular interest such as C, §, and P--previously observed
by S5MS nn a hydraulie valve pistea-~as well as Cl and F were obscured by
extrcemely high blank levels, However, the observed SSMS spectrn-indicate the
likeness of the fluiq and piston contaminants., A likely explanation for
the origin of this colloidal suspension would seem to invelve undissolved
barfum additive or precipitatior occurring during fluid preparation, with
apgregation of these particles during valve operation ferming surface
contanination obscrved on the hydraulic valve piston. Finally, re-

examination of SSMS spoctra taken from piston particles indicates a

43 )
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reasonably strong likelihood of C1 and ? prcseuce‘in'modétate amounts.,
Confirmation of the presence of Cl and T u;juld .ro.quire ‘am;lys’;is of

additfonal sample material and, if accomvlished. would lewd additional
evidence-to.the suspected reaction of residual Freon in tﬁe lubricated

valving system,
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SECTION V

4

) DEVELOPMENT OF SOLID SORBENTS FOR MONITORING WORK-~PLACE AIR
POLLYTANTS: NTTROGEN DIOXIDE (Noz) AND RITRIC CXIDE (NO)
INTRODUCTION
As documented in previous veports, -4 a procedure cnploying
activacted wolecular sleve 5\ is suitable for monitdring nitrngeh dioxide
(N02) vhich is present in air at parts—perfmillidn {ppm) concentration
levels, In the present report, further work is desoribed to examine
the consistency of the-sorbent in dealing with actual ambient air wherc
several potential interferring components are known to exist, Extensive
trials on the sample-storage experiments reveal that substantial less of
NO? recovery can be avoided only when the sorbent Ls completely shiclded
from contamination by air moisture over the entire period from
adsorption-column preparation to the final desorption stage. Turther
rodiflcation of the sampliné column was made by placing'a'l’zo5 prelayer
in front of the adsorbent. Positive sealing is required on both cﬁds of the
column. One version of this scaling is achieved by attaching the rear
end of the column to a Teflon sealable valve and the front end fo a rubber
O-ring joint cap. The modifi;d coluens are found to be equally cffcctive
in sampling, using either dry air or ambient air as the mixing gas.

The loss of NO, recovery is less than 5% after the column has been stored

2
for two wecks after sampling.

After cxperiments on N02 had been largely comnpleted, effort was
shifted to the next air pollutant at the top of the NIOSI priority list—
nitric oxlde (NO). Molecular sieve 5A was first chosen for the screcning
test, It was found that N0 with concentration as high as 40 ppm can be

quantitatively and catalytically converted .to NO, and adsorbed on the

surface of molecular sieve SA. The amount of malecular sieve 5A required
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for complete conversion fs compatih¥¢ with the pocke£~sized sampling
device. The desorption of the convoertoed 502 is thus achieved in the
similar fashion as in the Nﬁz analysie previously designed. The recovery
is independent of NO concentration either with controlled dry air or |
ambient moist air as the carrier gas., The diffcrentiation berween NO
and ROZ is achlicved by using a precolumn £illed with molecular sicve 13X
coated with a solutlon of triethylencamine (TEA): Extensive £08t3
show that this precolumn can quantitatively ndsorb qu and allow NO

to pass through with uegl}gible loss, A complete analysis of WO and

NO2 can be achleved by running parallel experiments, the first one

using a single molecular sieve 5A column and the second one a molecular
gieve 5A column attached with a TFA precolumn. After sample collection
the analysis of the single column should yield the total amount of NO
and NOZ and the latter one the amount of XO alone. The differcnce
between them is thus the amount of NO2 adsarbed,

A desorption apparatus for the NIOSH 21-429 mass spectrometerx hasl
been comp;ctcd and delivered according to th;-sﬁecification given in a |
ﬁéevlous report.23 A duplicate was also coﬁstructvd for routine“;s; '
iﬁ this laboratory. Although this apparatus was dpiginally decigned ﬁor
SO2 experiments, it is also applicable to N02 and B0 erperiments after
ninor modifications. Tests show that results are essearially the same
vhether the dcsor?tion of the sampling column is éﬁtrled out in : R
this desorption apparatus or the apparatus shown iﬁ“Fig. 9.

Buring this reporting perlod 50 prototype tubes for 802 collection

{designed previously in this laboratory) were prepaved and delivered f(or

NIOSH usc.
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NITROGER DIOXIDE (NOZ)
A, Experimgntal

1, Experimental Procedure

Figure 9 1s a schematic diagram of the gas handiing apparatus used
in performing the adsorpt}onwdesorption Qtﬁdies. The details of this
apparatus have been degeribed in a previous rcport?4 Briefly,la
premeasurcd quantity of tﬁe sorbent is placed into a coluﬁn which is
attached to the samupling rig. After preconditioning of the calqmn, a
mixture of H02~;ir at various concentrations is sllowed to floé through
the column, with NG, adsorbed on the surface of the sorhent, The
adsorbent N02 is thea degsorbed by sim:ltancous heating and purging with
air or nitropgen flow and [1nnll} analyzed by detecting the x0" 1on
signal recorded in the ARL CEC 21-103C mﬁss spectrameter.,

The sampling column cmployed in the present work has been customarily
in the form of a open-end tube, cither of straight ovr U-shaped structure.
A typical amount of 0.5 g of wolecular steve 54 (45/75 mesh, Hylar M,
Supelco, Inc.) is plated inside the tube, Qith both ends being held hy
glass wool. Before sampling the columt is proconditioned by heating
with a heating tape to 300°C while at the same time purging it with
dry air flow, typically at 100 cc/min., The preconditioning peviod
is uvsually sct ac 30 min bﬁc should be higher if more than 0.5 g of
molecular sieve 5A Is uwsed in the columa.

In the storage experiment thie aforementioned sampling column was
conveniently scaled with reécntly procured polyethylene caps for the
purpose of sample storage. However, it was later discovered that ncither

tl.2 sumpling columnsg nor the caps were efficient in maintainieg high NOZ
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) recovery. Extensive trials revealed thqt sqbstantial.loas ;E NO, recovegy
can be avoided only when the sorbent is completély shiclded from i
contamination by air moisture over the entire period from sampling-column
preparation to the final desorption stage. h h

In order to meet the stringent requirements of aveiding contamination
of the sorbent molecular sieve 5A by air molsture, the adsaorption
apparatus was redesigned with the fipal version shown in Fig. 9. The
rear end of this column is rigidly attached to a sealable valve such
23 the Teflon valve (Fischer and Porter Company, Cincinnati, Ohio).
The front end is also fitted by some positively sealable means such
a8 the o~ring joint seen in the figure. The column ig filled with a
premeasured amount of molecular sieve 5A and held by a piece of glass
wool. on ecach side, A short layer (~ 0.5 cm) of P205 powder is also
added in fromt of the 5A siéﬁe te retain any trace amount of air moisture
that may enter from the front side. It 1s desirable to place the P205
prelayer at least several cm away from the sorbent material in order
that it will not bé affected when the sorbent éieﬁelié heaEéd duringl
precondition and desorption. It is also preferable that the column
be made from glass-for better heat insulation and good.visibility.
The sampling column should be discarded if the P205 prelayer is found
to be completely scaked with moisture prior to desorption., It is
strongly suggested that the Teflon valve be closed and the front end
sealed wlth‘an o-ring joint cap until the woment just prior to sample

collecthon. After collection both sides should also remain sealed until

the final desorption analysis.
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" The above déscription is adequa;e only in the laboratory-controlled
system when dry air is used fin the sampling #roccss. If the N0, gas
is to be collected in an ambient ﬁct-airlenviroqment, a P205 desiccant
(sce Fig. 9 ) should also be attached in series with the sngIing
column. The desicecant is prepared in a similar manner to that
described in the SO2 monitoring’reported previously, Howaver,'onc
test showed that a commeréially avdilablélP,O desiccant with

275
indicator (Aquasord, J. T. Baker Chemical Company, Hudson, Ohio)

is also equally effective. The desiccant is simply attached to the
sampling column with a short picce of Tygon tubing which can be sealed
with a metal clamp. The desiccant can be used for more than one sample
collection aqd discarded when completely consumed; as indicated by the
built-in indicator of the desiccant. More extensive testing is required
if this method is to be adopted since the effectiveneas of the Typon
tubing sealing has not been tested on a long~term basis.

Although the cost involved in preparing this prototype column is
moderate, it 1s economically unfeasible to dispose of the column after
a single use since the column is rigld enocugh for multiuse and shows
no sipgns of deterioration. After the Teflon stem of the valve is removed,
the column is essentially a straight open-cend tube which can be cleaned

easily.

2. Sanmpling Columnt Preparation Within a Drying Box_

In an effort to study the possible cause of the loss of recovery
after sample stovage, the sorbent column is occasionally preconditioned
at.relativcly high temperature and for a prolonged time peviod wp to 24 hr.
Since a lavge number of sample columns is usually required for a given

test, it is desirable to precondition a large amount of sorhent at onc
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tise and transfer it into a group of sampling tubes for later usc., For
shis purpose a preconditioning apparatus was built--essentially a quartz
Uw-tube with s diameter nf 25 cm and sealable valves attached om both

ends. Each time - 80‘; of sorbent can be préconditioned at amy temperature
up to 600°C either at vacuum ot with a flow of flashing éas. The

transfer of the sorbent from the apparatus into the sampling column was
done in a drying box where the moisture level is always maintained

at 2 ppm or lower, this was done in order te avoid the readsorprion of

the moisture by the preconditioned sorbent material.

3. Calibratlon of the Standard Nozfﬁir Mixture

In a previous rcport25 thc calibration of the N02/air standard
mixture procured from Minewld Co, was descrilbed briefly, the result
being found in good agrecment with the supplied specification of 2000 ppm.
This calibration wns done mass spectrometrically by comparing the

/1. ratic of the standard mixture with that of the 1individually

T30/%29
monitored e, and air-flow mixture. The accuracy of this type of
calibration depends largely upon detailed knowledge of the equilibrium
of NO, Nzoa at operating conditions as well as .on the heat capaclty
of the Noszzo4 mixture which directly affects the reading of the
linear wass flow meter. In view of the possible uncertainty of these
parameters, a completely ﬁifferent.calibration mathod is conducted heve

27
which has been widely uscd 26,2 in measuring the NOz concentration at

levels higher than 100 ppm.
In the new calibration method, the standard NOzfair mixture is

inkroduced into a glass bhottle of 1093 cc at known total pressure. Then
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6 cc of L H202 solution was added to this mixture, -The N02 gas 1s

expected to be quantitatively oxidized by 020 into nitriec acid

2

according to the following reaction

280, -+ U0, -+ 20NO, (1)

The bottle was allowed to be settled for 2 hr with occasional shaking.
At the ond of this period the solution was withdrawn into a beaker and
titrated with 0,009 N NaOH gsolution. The NO, concentration in ppm

(x) is calculated according to the followlng equation

(amount of NaOl in cc) x 0,009

6

%+ 10+ 1093 » (pressure of NOzfalr mixture in mm)

(2)
0.082 » 300 - 760

Three independent experiments show results of 1550, 1500, and 1529 ppm,
with the average belng 1543 ppm. Taking into account a 5% loss due to
process treatment which was established in a later work of NO calibration
{details to be described in a later sectlion), the final value is thus
set at 1,624 ppm writh aceuracy of + 5%,

It is noted that cthe above accuracy has wno direct bearing on the
accuxacy of the present NO2 monltoring work since the analysis was done
by measuring the mass-spectrometric peak area whose accuracy is bctécr than

5%, as secn in the NO, desorptlon result. This area can be readily

2
converted into the tyue amount of NO2 if more accurate N02/air mixturcs

such as NBS NO2 rermeation devices are avallable for standardization.

4, Calibration of Integrated Peak Area
In order to arrive at the absolute amount of N02 deogorbed from

a typical desorption experiment, a calibration is requiredt to correlate
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tﬁu actual anount of N02 lntrdduccdéundcr given [low conditions and
the mxss spectrometrically xecorded peak integration arca in wV-sec.
Congidder o t&pical case where the standa;d Nozfnir mixture (Noz 1624 ppm)
is introguccd at a flow rate of 100 cc/win. A fraction of this flow is
introduced into the iown source of the mass spoctrometer through the
précolumq Granvi}lc-?htllipsvlcak valve (Fig. 9 ) at a controlled lcak

. rate af which the 129 (14N15N+) signal Is registered at an intensity of
6.8x 256 unit. At this leak rate the Iy (¥0') sigaal is at

11.2x 32 unit (i.e., 130fl29==0.206). For an integration of 10 min, the
signal Integracor recorded a total value of 2,082,304 mV-sec. 'The amount
1of N02 introduced (i.c., detected by mass spectrometer) for this 10-min

period is also known according to the following equation

Amount of Noz detocted

[} -5
0x 100 x 10 " x 1624 x 10 ~ b .
770,082 % 300 66,02 x 107" woles (3)

Thus, the integraced peak ares per pmole of ﬁ02 detocted is 2,082,304/66.02 =

31,540 mV-sec/unole 30, deteeted.
In the case where desorption was done with ajv as the carrier gas
at flow rate of 100 ce/min, the desorption peak area in nV-sec can

be roadily converted to prole of NO, as detecied by the mass spectrometer

2
if the desorbeat was conliracd to be in the Eorm of NOZ. "Of course,
“during desorption the leak rate should alse be contrvolfed in such a way
that the 1,4 signal will have an intensity of 6.8 x 256 wnic. If,
ingtead, nilropen Is uwscd as the carrier pas during desorption, in

order to maintain the sane leak rate the [29 signal should be at
6.8 x 256 ¥ 100/78 = 8.7 x 256 unir waere 78% is the fraction of ¥,
i 1

in an olr slreawn. Lo this case the same convertiong factor of 31,540

wV-sec/ el e 302 detected is st{ll applicabte.
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B. Results

.. Reproducibility of NO2 Desorption with Dty-Air-Sampiiug o
The reproducibility of NOZ adsorption-desorption da£§ obtained with
the molecular-sieve-54 column has been shown to be good,z'spmovided that
each column material 1s used only once. In Table VIIthis reproducibilify
is demongtrated agaln using the newly designed sanpling column in which
the 5A sieve is protected by 5 P205 presection In the front end and a sealable
valve in the rear end. Foxr each experiment a Noz!dry aixr mixture with
N02 at 18.17 ppm fiows through the celumn at a total flow rate of
545 cc/min for a period of 30 min. Upon completion of adsorption, the
colunn is remaved from the rig and immediately attached to the desorption
apparatus and desorbed in the usual wanner, Avefaging'the integrated peak
areas for the five test runs yiclds an average area of 11,619 mV-sec/umole
HOz samplad, with standard deviation of 2.1%. Reproducibhility is,
thevefore, seen to he quitewhcccptable.
2. NO2 Recovery as a Fuuction of Noz gongent?atiop with

Dry-Air SAmpling

It has heen reported previously 23

that the recovery of N02 is
independent of the N02 concentraktion within the range of NIOSIH interest.
This conclusioen is cotifirmed through the use of the newly designed P205-5A
column as shown in Fig. 10, 1In these evperiments the standard NOzfdry
air mixture {with NQ2 at 1624 ppn) is mixed wiéh 3ry nir“to yieid a total
flow of 545 ccfuin Lot a sompling time of 30 min at varjous con-ontrations
as indicated. One additional test was done witere the standard NOzfair

gixture {with N02 concentration at 1624 opm and £low rote of 100 cc/min)

wvas dircctly sampled by the columu for a peried of 15 min.  The desorption

5A - .
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TABLY viI

REPRODUCIBILITY OF NO, SORPTION WITH MOLECULAR SIEVE 5A COLUMNE

o.d Desorption Peak Arca
Desorption 130 Peak ' per umole NO2 Sampled
~Column No.b ’ " Area (m¥-sec) (my-sec/imole)

1 137,079 11,329
2 136,221 11,258
3 : 139,936 11,565
4 145,786 12,048

5 143,916 11,894 _
Average 11,619
Standard Deviation 242

]

®olunn: 0.5 g of molecular sieve 5A with PO presection in a
5/16-in.-0D glass tube with its redv end attached to

e a Teflon valve. Each column is preconditioned by

heating to 300°C while being purged with dry air at
flow rate of 100 ce/wmin for 50 min.

bSampling Condition: NO,/dry air mixture (NO, 18.17 ppm} flows
fhrough the column at a total flow Fate of 54% cc/min for
a period of 30 min., Amount of NG, sampled =12.1 umole.

- “Desorption Condition: Each column is heated to 240°C with pure

N, carrier gas at a flow rate of 100 cefmin, 0 7

dAll mass=~spectrometrically recorded arcas in this work were obtained
in refercnce to a constant I (J4§13K+) peak heighe at
29 :
6.8 x 256,

35 . .
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NO, CONCENTRATION (ppm)

Flgure 10, Desorption of X0, as a Function of X0, Concentratios.

Column: As desceribed in Table V1T

Sanpting Condition (for open-cirele data):

o -~ Standard anfdry atr (Nﬁz, 1634 ppm) is wmixed with
ambicatl airv (7%°F: rel. hun. 607) Lo provide a total
flow of 1091 co/min: sampling tire = 30 min,
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result showed a recovery of 11,900 mV/sec~pmole NOZ) also ir excellent

'

agreement with the established value of 11,619 mV-sec/umole KO These

2
rcsul;s indicate that the NOZ recovery Is workable not only over a wide
congentration range but also uander various sampling ¢onditions. Thus,

the present technique is potentially applicable to the extreme cases where
‘sub-part-per-million levals of N02 can be sampled at a higher flow rate
and for a longer period; while on the other hand for a higher Ko, lovel

enviroument, sample collection can be achleved with a lower flow rate and

shorter collection time.

3. Effect of Moisture on NOZ Recovery

The existence of moisture is believed to reduce the recovery of N02

through the followlng reactions

M0, + H,0 -+ HNO, + HNO, (4)
3HNO, - HNO, + 2NO 4 M0 (5)

2 3 2

The first evidence of this moisture effect was seen during cxperiments
when an earlier wodel of the sampling coluwn was used in sampling the
Nozldry ailr mixture. The dry air used in these experiments customarily
comes from a commercial air cylinder dried with a dfyina tube but may
still contain some trace amount of rmoisture. As a result some loss of
NO, actually occurred during the sampling process as cevidenced by the
results in Columns 1-4 of Table VIIL,

In an actual field test, the adsorpticon columns are expected to be
exposed to ambicnt atmosphere momentarily during the transfer period,

This brief contact between the adsorbent and moist air has the potential
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TABLEVIII

v ¥y ,;‘7;1 e

E¥FECT OF MOISTURE ON NO, RECOVERY

Colunn Description

Column Exposed

Desorption Peak
Arca Per mole

Deviation
From the

Column : to Ambicent Aivr of N0y Sampled Estab. Value
No,8 P205 Layer Before Desorption (mV-sec/ mole) %)

1¢ No No 8,082 -30.5
2¢ No- o 8,240 ~29.1
3¢ No No . 8,306 ~29.1
4 o No 7,975 -31.4
5 No Yes 4,414 -62.0
6 No Yes 3,893 -67.53
7 No Yes 6,227 ~63.6
“Yes Yes 7,540 =35.1
9 Yos Yes 7,518 -35.3
10 Yes Yes 7,795 ~33.0
11 Yes Yos 7,412 =-36.2
12 Yes Yes 8,165 ~29.8
13 . Yes Yes 8,682 ~25.3
14 Yes Yes 8,264 -28.9

—

aSampling Condition: NO,/dry air mixture with ¥J3 concentration of

18.2 ppm at a flow rate of 540 ce/min for 30 wmin.

bThe established value is 11,619 mV-see/ wole NOz

23
“bata of previous report

58

sampled (TableViI).

(Cols. 2 to 5 of Tabkle IX }.
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to cause a severe loss of recovery of Noz duriag analysis {(due to their

premature Interaction). In order to gauge this effect, a laboratory-
simulated test u;; carried out by momentarily removing the adéorpcion
column from the rig upon the completion of sample collection. The
sdbsequent deso;ptién was done either in the smame rig or the desorption

- apparatus. As evidenced by.the results of Cols. 5-7 of Table VIII, this °
has consistently caused a more thaﬁsoz loss of NOZ recovery. This loss

of NO, recovery clearly demonstrates the inadequacy of the deésign of the’

2
sampling column used in the early stage of the present work.

The first wodification of the sampling column was nccomplishéd by
placing a thin layer (0.5 cm) of P205 powder in front of the moleccular-
sieve-5A column, with each end of the P205 layer being supported by glass
wool., The P205 layer is at a distance of ~ 2 cm from the 5A section in
order to aveid -xcessive ﬂcatlng during preconditioning and desorption.

. As seen in Cols. 8-14 of Table VIIL, this has greatly improved the recovery
of NOz;naithough the results are still about 30% lower than the éstablished-
value,

One obvious approach te further improve the N02 recovery is to use an
after~column layerlof P205._ Howaver, some experimental'difficulties have
been eacountered. :First, during preconditioning large quantities of lot’
moisture raleased from the 5A sicve almost complotely soaked the after~
coluﬁn ons-layer, making it useless [or sicve protection. Two experi-

ments were actwally conducted with this after-column layer. The N02 recovery

{3821 mv;secfﬂmole NOZ) was found to be too low to be acceptable. The
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vacent develeopment of the technique of sorbent prcpnrattﬁn inside the
drying box could eliminate the broblem of pracunditioning. b;gqthe result
may still be undesirable since the after-column ?205 would be hcatcd
during desorption. P205 ig known to melt or sublimate ‘at tcmperatutes
as low as 200°C. It is not clear what would happen to this P2OS layer
during desorption when the hot carrier gas flows through this P205 layer
as well as to the fon source under extensive use ugdcr this condition.
Other candidates for the after-column desiccant--such as magnesium
perchlorate, drierite, and calcium chloride--are not sultable either due
to their known interference with NOZ'

The result of the above experimental findings led ﬁo the further
modification ef the sumpling column by placing a sealable valve at its rear

end as desceribed in the previous section, Figure 10 shows the result

of the use of this column in sampling the mixture of NO, and amblent afr

2
{75°F; relative humidiry 60%) at various N02 concentrations. In this
experiment a P,0_ desiccant is alsoe attached to the front end of the

2°5

adgorptisn colusm and removed at the completion uf samplc collection. The
amount of P205 in the desiccant 1s not critical but should be adequate
to prevent the bru1kthrough of the moist air during sample collection.
In order to reduce the resistance of flow, i ar anule PZOS is prefcrable
to PZOS powder. ‘ | |

The results of Fig. 10 clearly demonstrate the capabdility of the
PZOS-SA—scalnble valve columu in dealing with NDZ adsorption where ambient
adr is used as the carrier gas. The P205 degiceant is shown to completaly

eljmanato moisture from the airstreoam and let NOE pass unaffected or with

negligiole loss.
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4. .NOZ Stof@gg Efperiment “
It is a NIOSH requi: ~ment tﬁat an acceptable solid sorbent uusé be
capable of retaining the sorbed pollutant of interest fof periods-upltu
two weeks without substantial loss of the sorbed gas ox deterioration of the
recovery capability. lThc storage experiment of NOz ﬁas‘carried out using
the newly developed sampling column. The N02 sampling condition is esséntially
the same as thaﬁ descriSed in the previuus_sectlon, f.e., NOzldry alr

ﬁixture with NO_, concentration of 18 ppm i3 drawn through the column at a total

2
flow rate of 543 cc/min for a period of 30 min.

Upon the completion of the sample collectien, the Teflon valve of the
Icolumn is closed, and the front end of the column is sealed with an o-riug
cap. It is important that the stored sorbent be protected from the
contamination of atmospheric moisture. This is achieved by the positive
;eéling on both sides of the column, The failure of this sealing is indicated
by the gradual sonking of the ?205 precolunn over the prolonged pe?iod ol
storage. While partial ﬂoayipg of the P205 prelayer is genergl}y acceptable,
thé cotplete soaking of this layer probably indicates that ihe air moisture
has penctrated through this protection layer and caused some interaction
with the stored NO,.

2

Table FK gives the results of an NO, storage cxperiment which covers

2
. . F A
the cample storage period range from 1 day to 29 days. The Noz recovery
is ‘essentially unchanged during the first day of sample storage but gradually
decreases as the storage time is increased. The cause of this deterloration

ie pot clear. It is concclvable that in spite of the fact that every

precantion was taken to aveid contact of the sovbent with moisture, steill
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TABLE IX
NO, STORAGE EXPERIMENT DATA
Peak Arca
b Desorpt Lon 130 per vwmeole of e
Column Storage Time Peak Avea NO4 Sampled Ratio
No.@ {day) . {mV¥-scc) {mV~-sac/umoic) [¢3]
1 1 144,112 11,910 102.5
2 1 142,286 11,759 101,2
3 2 133,815 11,059 95.2
4 4 134,519 11,117 95.7
5 5 133,996 11,074 95.3
6 12 136,436 11,276 97.0
7 13 132,794 10,975 94.5
8 13 133,597 ' 11,041 5.0
9 15 125,273 10,353 89.1
10 19 126,636 10,466 90.1
11 23 129,246 10,681 91,9
12 23 116,740 9,648 83.0
13 23 110,111 9,100 78.3
14 28 120,180 9,932 85.5
15 29 116,528 9,630 82.6
16¢ 1 133,203 11,008 94.7
17° 130,163 10,757 92.6
18°¢

135,839 11,226 96.6

8column and Sampling Condirion: as described in Table V1T,

bDuring storage the Teflon valve of the column is elosed and the frong
end of tlic column is scaled with an o-ring cap.

“Ratio is expressed as the ratio of the vialue in Column 4 and the
avevage value (11,619 nV-sec/vwole) obtained from Table VII.

dCDlumn Is storad at 110°F,

€Columns ave stored at a pressure of 550 wn M.
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sgome trace amount of moisture existed within the sample column. The sour

}

of this moisture could be either insufficient pretreatment of the sorbent
sievé or the gir noisture that penetrated through the P20$ prelayer. It
has been reportedz8 that P205 itself can also adsorbh about 103 N02 when
when samp{ed at 1 ppm NO, concentration. This iz not fully established in
the present work due to the lack of an 14ea1 system where the interference
-of trace wmeisture can be eliminated without the use of a PZOS prelayer,
Thus, 1t is possible that in aﬂdikion to an initial loss of Noz during
samplinglthe procéss, more loss of NO2 may actually occur during the
storage period duec to the slow adsorption of NO, gas on the PZOS prelayer.
Ultimate resolution can be acliieved by placing a sezlable valve between
the P205 prelayer and the sorbent sleve if the deterfcoracion is truly
caused by the existence of tlis PZOS layer.

Nevertheless, the deterloration seen in Table IX is wild, The

recovery af MO, after a storage time of two wocks is only decreased by 5%

2
compared with a freshly desorbed sample.  After three weeks of storage,
the recovery is still as hlgh as 90Z of the cstablished value., It is
#uggcstcd that a scaling correction factor may be used for samples stored
up to three weeks, with accuracy better than 5%, i.e., a correction of 5%
is applied for sumples stored for less than two weeks and 10% for those
stored for three weeké. Better correction procedures. can be established
which would require more extensive experimental- data.

Column No. 16 of Table IX is the result of the recovery of the NO,
sample stored at 110°F for a period of 24 hr. This is a test to detect
the deterloration of NO2 tecovery when samples must be store& ar some

extremely higlh ambient temperature, Tt is found that a further detevioratiun

of K0, recovery of about 5% occurs as a result of such an extreme storage

T4 ey M
1 ‘M"‘
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condition. Column Nos. 17 and 18 of thélsame table also reveal an aversge
loss of 6% of Nozlwhen stored at a pressure of 550 mm'Hglfor a period of'
24 hr.. It 15 cohcludcd that additional loss of Noz ray occur at either
high-ambient-temperature ot low-pressure storage conditions., However,
this loss is compatible with experimental error and pevhaps negligiblc,

especially when the duration of this exposure is less than 24 hr,

C. Discussion

1. NO2 Adsorption-Desorption Mechanism

The adsorption of N02 en molecular sieve 5A is belioved to be a simple
physical proceszs as discusszed previously. 24 Adsorption efficiency of
100Z is generally observed in the present work, whicﬁ is also anticipated
in view of the high adsorption capacity of molecular sieve 5A.2&’25 However,
the nechanism of NO, desorption from the sorbent is found to be far more
complicated, The undevstanding of this mechanism is not only of interest
by itsell but also important in determining the absoluie recovery, as
will be described in ; latexr section. | |

The use of the mess spectrometexr is of no aid in resolving this
mechanism since the only observable Information is ghc NO' ion which can

be formed from cither N0, or 0 as well as many other compounds such as

2
nirtic acid., The N02+ (/e = 46) ion-~which would have bcoq a positive
indication of NO,-~is not detectable at low N0, concentration as previcusl s
roported.2&'25 The fdentif fcation of NOz is possible through visual
observation since NO2 pas is dark brown In color which is casily visible

at moderate concontratlon. A desorption test was done on a 5A sicve column
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uhich?iad adsorbed 99 wmole of NO (The standard Nozfair mixture with
%

9
. N9, concenttation o[.1624 ppu was sampled at a flow rate of 100 cﬁ/min
for ‘15 min.) During desorption using N, as the carrier gas at a flow rate of
50 ec/min, the efflucnt was collected iﬁ a l-liter glass bottle which had
been avacuated prior to collectien. The colle.tion starts 30 sec after
the onset of heating and ends 10 min thereafter. This period covers the
entire desorption N0+ peak as recorded Ly the mass spectrometer from a
separate cxperiment under identical desorption conditions. It is thus
believed that all desorbed ﬂ@z should be collected in this hottle; The
desorbed effluent exerts no brown cdélor which would havc.beeu clearly
geen if che same amount of NOZ (i.c.; 99 pmole) had been collected in
the bottle prior to adserptien. When the collected effluent was coolc&
to liquid-pitrogen temperature, a small amount of white‘solid was found
which quickly turned to colorless liquid as soon as the liguid nitrogen
cold trap was removed, There was no trace of blue condensale which
would fndlcate the existonce of NOZ' Although the above visual obscrvation
does not constlitute vnequivocal cvidence of the absence of NOz at any
trace level, it is elear that the majority of the desorbed material from
the column does not exist in the form of N02. It is more likely thar the
desorbed material is NO, in accordance with the above ohservation. More
positive fdearification through other independent means wuﬁid be desirable.
S Te was discovercd through later work l:lmlt the present‘;rltethod of using
molecular sleve SA gorbent cas also be used to monitor NO at parts-poece-

willion levels. During sampling KO gas was found to be guantitatively

oxldized with NOZ on the catalytic surface of the 54 sfeve in the aiy
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oxygen envivoament, The oxidized ,NOZ is subsequently adsorbed by the SA '

i

sorbent. This technique con also be adopted here to ve;ify the ideaticy
of the NO‘Z sample~colunn desorption prudﬁct to see wvhether it is indéed
in the form of NG. A long glass Urshaped column is preparced with both

its front and rear legs cach flilled with ~ 0.5 g of molecular sieve 5A.
The bottom U=shaped portion is filled wirh glass beads. ,T’I;_e precondlitioning
of both 5A sections is done in the manner described previously.

During ‘sampling a typleal flow of the Nozfair mixture with N02 concentration
of 18 ppm 18 introduced thrqugh the front leg of the U column at a flow
rate of 1 liter/min for 30 min, After sanple collection the:rcar S5A
section alone is desorbed first in thwe usual manner with no N0+ peak
found which indicates that all the N02 sanple has been collected in the
front 5A svetion. After desiorption the rear 5A section is alloved to coel
te roon temparature. Thereafrer, the {ront 3A section is desorbed wich
pure Nz as the carrler gas entering through the front inlet ar a [low rate
of 100 ce/min. In the meantime, the glass-bead [illed U-shaped portion

is lmnersed Into a dry lee bath., The desorption of the front 5A section
yields the same N0+ poak area as the opermal single-colwan experiment.

Upon completion of the front 5A section desorption the dry ice bath is
removed and the entire column is allowed to return to room temperature,
how the rear 5A section s desorbed apain to ensure that nothing desorbed
from the freont 5A log has been trapped cither in the rear 54 section or
the U tyap as a resalt of the couling of the ¢f fluent by the dry-ice bath.

+ s
Xa B0 peak wan found durim this time, as expected,

o6 .
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The above procedure is repeated with a newly prepared 5A double coluno
in the same maaner until the stope of front SA scetion desorption. Instead

of using pure N, as the carrier pas, alr is chosen ir the.desorption of the

2
front 5A ascction. Cuntrarﬁ ta the rcsqlt when N, pas was used as the carvier
gas, no ot ion peak resulted from the desorption of the front 54 section
with air flow acting as. the coarvier gas. Appareatly during desorption

it is NO, pot NOZ, that actually comes out of the 5A column. As this
desorbé& NO is Flushed out with atr flow and subsequently'ccoled 7. passing

through the dry-ice cold erap, it is oxidizcd back te NO, on the surface

2
of the vear 5A section and adsorbed thereom.

On desorption of this rear 5A columa, the N0+ ion peak reappears,
which further confirms the above mechanism., 1t is isteresting to note
that the existence of the dry-lee cold trap is crucial to this exporiment.
In a similar test the U-shaped portfon of the column is immersed in a
water bath at room temperature iustcad of the dry-ice bath chosen in the
previcus work. As a'rcsulﬁqﬁf the ipsufficient cooling, the rear 5a
cﬁluﬁn failed to hold the RO desorbed from the front 5A section, This
failuve could either roflect the inefficient oxidatloen condition at
higher temperature orv simply the breakthrough of the oxidized pruduct--NOz—-
at such a high temperature. No further investipgation wag conducted on t™ s
interesting subjeoct.

It secns clear from Loih visual observation and the double=calunn
experiment that the major desorbed covponent vwmler the prescnt experimental
condition is NO, as a roesult of covtain chemical reaetions, One Jikely
mechanlsm, as discussed in the provious rvpan,Z“‘zq fer converting NUZ
to NO Is throuph the RO,-water reaction [Reactions (4) ame {(3)). During

2

desorption the carricr pas is deied vith both a comwercial dryer and o
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could enter the column awnd participate im the reaction. If said rcaction

P205 prelayer; Lt is aalikely that a substantial amount of water moist

does occur on the molecular sieve 'during desorption, then sowe water
mest be retained by the sieve crystal that survives the preconditioning
treatment. It is found that RO, recovery 1s livear with respect to the

N0, sampling dose up to the breakthrouwgh reglon. A substantial amount

2
of water would be required to account for the conversion.
One other possible mechanism to accouwnt for the formation of NO is

through thermal decomposition of NOz.

20, > W0 + 0, (6)

2
Tn the gas phase this reaction beging at 150°C, and the extent of
conversion is 5% at 184°C, 137 at 279%¢, L74 at 494°C, and 1093 at 620°C. 29
Under the present desorption eenditions, Lhe tempevature of the sorbent
generally oniy reaches 240°C at the ead of desorption. This corvesponds

to only ~ 144 decomposition according e Lhelahovc decompesition schome.,

The mteh higher ¥0,-recovery-rate date of the present experiment, which

2
is to be discuszed In a laker sectien, ecither indicates that the

decomposition of N02 on the moldeular sieve follows a much higher rate
than that suggested by the gas phase decowposition or that the thermal

decompogition constitutes at most a tiner contribution to the formation

of ®O.

2. Tercent Recovery of R, from the Molecular Sicve 5A Column
It is noted in this report that alt vecoveries for N0, experiments
. Wt
are expressed in terms of the RO jon i{atoprated peak area as recorded

by the nass spectrometeor,  The calculation of absolute percenl regovery
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of N0, from the molecular sieve requlres the detail kuowledge of the

adsorption and desorption mechanism of'NO under present experimental

2

conditions., Since it has been cstabllshcd-—based on the tests déscribcd‘

in the previous section--that the ‘major componunt desorbed from thc
molecular sicve 5A is in the form of NG, it is lobical to exprees the

percent recovery (PR) in the form of

umole of KO, adsorbed umole of NO desorbed
PR = 2 - - . x 100%
pmote of KOZ samp led umole of N02 adsorbed )
The first term of the product is commonly roferred to as YMadsorption

cffigicncy," while the sccond is referred to as the “siroichiometric
facter.” In the present case the value of PR is equivalent to the
stoichiometric factor since the adsorplion cofficlency of IOQu is veadily
achicvable under the present experimeatal conditions, The amount of N02

sanpled is known for a given sampling condition. The umole amouat of KO

(7)

. . . i +
desorbed iz obtained by measuring the desorption KO ion-peak area vicorded

. . . + A
by the wmags spectrometer.  The calibration of the RO peak area, which is

deseribed fo detail in a later scctiow, reveals a peak area of 48,905 pV-sec

for cach ymole of RO detected during deserptien using air as the earrier
gas with a preset ion source pressure which corresponds to o I29 ion

intensity of 6.8 = 25%6 unit.

. {ymole of X0 desorbed Y L a0e ‘
PR (uumlu of No .«:atnplod) X 1007

2
it _
R : KO peak aven *(_n[\’_-*sy-t‘)“*____,__,“_\ x 1007

waole of \0 sampled 48,905 oV-scecfpmole B dcit-t‘t{'d/ .o

(a)
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Theyabove equation can also be written in a more common form, i.c.,

: + _ \
- 1 N0  poak area . 6.8 x 256
PR (maln of X0, s'ampled) ( 48,905 X 0 ) x 1002

-

)3 NO+ peak area
mole of'NOZ gampled Lo - x 0.0356 x 1002 (9

vhere 129 is the ion inteusity of mfe = 29 whose value can be set higher

than 6.8 x 256 unit in the cvent a larger fon-source pressure is desired
for a more accurate measurement,
. + .
Table VII shows an average desorbed X0 ion peak atvea of 11,61% mV-sec/

umole of NOZ sampled.  The average percent recovery of P:Oz is readily

obtatned from Eq {9 )

11,639 wV-seefpmole of l\'02 sampted
TR = 3805 W sac/imato of N0 detveted  © 100%

= 23.87

The above result indicates that for cach pnele of N02 sampled, only

0.23 paole of NO is desorbed under the present desevption condition,

assuning that ol desorbed vomponents exist in the form of NO whicl is

subscquently measured by the mass spectrometer,  Apparently during
(l(&;ﬂﬂ';ﬂigﬂi a substantial portion of the adsorbed Nﬂz pas is ¢ither net
desorbed under Lhe present desorption conditions or desorhed [n a JTorm
other than NO [such as IINO2 from Beactlon (4 )1 aml fails to reach the

fon source for detection, dae obvicus approach to improving the percent

0 1'}'3 -



recovery of N02 is to further increase the temperature of the samplin

column during desorption. However, the recovery was found to be
insensitive to desorption temperaturc up to 300°C. No oxperiment was
done fur desorption with temparatures higher than 300°C since a portlon
of the column materlals (Teflon valve}) cavnot withstand much high&r
temperature,

It is intercsting to point out that the current result is also in
accordance with the previous cobservation which shows the adsorprion
capacity of the molecular steve to ﬁecrense with repetitive use of the
same sieve material. This could indicate either that part of the sites with

adsorbed N0, are not reversible upon desorption and thus decrease the N02

2
adsorption during a subsequent adsorption or simply the collapse of some
siove site after such a desorption heating.

The measurement of NOZ recovery was alse carcled out by the titration
metliod, the details of which are described in the previosus section,
Durina desorpiion the efflucent is collected inm the i=liter glass bottle
and subscquently added wiﬁh 6 cc oof 32 Héuz-¥ulhti6;. The desorbed NO |

gas 1s allowed to react with H202 avcording to the following equation

280 + 311202 - 215.\‘03 + 2![20 (10)

Any trace amount of NOZ existinn in the offluent ié also converted to
nitric acid by Eq (1), The forned HNOJ. as woil as any possible nitric
acid directly desorbed from the sieve, Is then titrated with the NaOH
solution. The results of Kﬂz recovery vxproésed as the ratie of ymole

of II!‘IO3 detected to pmole of RO, saopled ave 0.29 and 0.3 [yom two

2

experiments with an average of 0.30. This vatue is slightly higher than
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the percent rccovery obtained from the,mass~spcctromettic method. This
is probably aun indicatlon of some chemicals other than MO that are also
desorbed but are not detected by & mr - spectrometer or yleld a

relatively lower NOT lon sigmal than of KO gas.

NITRIC OXIDE (NO)
A.  State-of-Arc Revicw . -

Nitric oxlde (0} has long been recognized as a sigonificant air
pollutant. Although i1t is toxic in high concentration, the major concern
is due to its quick conversion into the more dangerous nitrogen dioxide
(802) in atmosphere. Many techniques now are avaflable commerc?nlly for
monitoring nitric oxide In ambient air. ﬁouever, wost of them such as
chemilumines;cnt. photometric, coulometric, and electrochemical-cell
techniques require some rather elaborate instrumentation and are not
suitable for persﬁnal “anling as dictated by N1OSH specifications.

Perhaps the method of largest interest is to oxidize RO inte NOZ
and determine the Iatter by the colovimetric analysis cither in the

28 or YZWy Integrated processes. 0 Many exteusive studicstt

continuous mode
have been dovoted to the oxidation of NO. These stuwdies propose the
systems using such compounds as a wmixture of KMnO& and stoa, ozone,
heated 1205, acldificed NnOz, periodate, persulfalv,‘Nzos, 0102, oxygea,
and Cr0, as oxldizing apents. Fach method, however, either suffers the
problem of quantitative comverston of KU into NOZ or tequires the strictly

controlled conditions that leave something to be desivoed for the personal

sampling of present purposes.

o .
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Most commonly't-:sed solid adsorbers such as mlccular’ sieve, alumina,
ailié% gel, and active carbon are not capable of absorsing KO physically
under the ambfent condition. llowever, one acid-resistant moleular sleve,
namely AW-500, monufactured by Unton Carbide has been reportcdzﬁ'
successful in couverting high concentrations of NO from waste gas streams
in a nitric acid plant into Noz which i subscquently ﬁdaorbéd ﬁn the
surface of the molecular sieove surface, bNo work has been rcportcd using
the techaique in monitoring RO in the lower concentration commonly existing
in the anbient air., Since it is closely nssociatod with the type of work
currently underway in this laboratory, this techniqué will be further
explored here in our first-stage effort.

One other techoique which is also of high interest to this study is
a method recently developed by D. A Lavaéii and coworkers 32 using
a triethanolamine {TEA) solution or a TEA-impregnated molecular gieve
to differentiate NO2 and 30 vxlsting.in anh;cnt adr at sub parts-per-
million levels. With a flow of air stream containing NO!NUz passing
througl the reagents, it can quanticatively rctain.ﬁué while letting KO
eacape unaffected or with negligible Loss. . -

One ideal solution vhich would meet the goal of thae present wotk of
monitoring NOINOz at concentrations of NIOSH concern [nvolvas the
successful adoption of the two above-nentioned techniques. First, a solid
sorbent will be chosen that not enly can adsorb and desorh N02 quant itotively
but ﬁlsn is capable of convering NO completely into Ndz within the sorbent
and adsorbing it subsequentty. The recovered Nl): from the sorbent should
yvield the total awount of NO and N, initially collvcted from the alr

stream, Second, a parallel adsovprivn process will be conducted using the

-
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chosen sorbent column attached with a TEA-impregnated ﬁélecular;sicvc-
precolumn that allows the measurement of KO alone. The 4iF£e;éﬁceI - (
between the two measurements will fcproscut the in{tiaf?ﬁoz'ccncentra}ion.
As shown by the prelimlinary tes£ ;csults prescnteﬁ in a later séction,

~ the originally cﬁoscﬁ molccuiar sieve 5A has lafgeiy fqlfilléd'thc

requirements of the present tasks.

B. Experimental
1. Experimental Procedure
The molecular sieve 5A is first chosen for evaluation in view of

its success in the work of NO, adsorption. The detailed cxperimental

2

procedures largely follow the proviops wﬁrk on ﬁoz pnléss othérﬁisé étath.'
The amount of melecular sieve 5A use§ in each énmpiing:colnmn was -

originally set at 0.5 g which Ls the same aslinithé-work on Nﬁz. However,

it was found thot this amount of 5A sicvé_is nut ad?qua;o for the 

quantitat tve oxidatlon and adsorption of MO samples under typicall

sampling conditions. A greater amount of 5A sicve rahging from 1 Lo 4 g was

used ion later work. The lonper preconditioning time was required for

cach column for the greater amount of serbeat sleve usod,

2. Caltbration of the Standard NO{NZ Nixtufﬁ _

A 2000-ppm ﬁﬁlNz standard mixture witha rupgrl?d ﬁqpufaéklof + 20 ppta
was precured from Union Carbide, ThL RO éénccnrrntiQHHSI this slaﬁqﬁrd
mixture was catibrated with the titration method fo 2 mann. = similar to
that described in the work on NUZ/air mixture cilibration, riefly,
the pas mixture was [ntvoduced intea giusf hnlLla of 1093 G ﬁith

- " e

known total pressure,  Te this mixture & ce of 37 "202 sol oA was

74 N
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added. The bottle was then allowed to be settled for 2 ﬁr‘ﬁith

.

otcasional shaking. ?he KO gas was expected to be oxidized by ﬁzoz
into nitric acid acecording to Reaction (10}, At the end of this perlod
the solutfon was withdrawn uto a beaker and titrated with 0.009 N.
NaOH soluticn. The NO concentration of the standard mixture in ppm can
be calculated by an equation similar to Eq (2 ). Two experiments yield
results of 1840 and 1908 ppm with an average of 1874 ppum.

The-ébove calibration technique was also stnndnrdized by calibrating
a pure NO gas through an identical experinental prbcedure. It was fuﬁnd
that the above ca‘Ibrqtion method generally yielded a result -~ 58 lower
than the actual value, This loss of 5% is probably due to the inconplete
copversion and sambie trcatmentloflthe present experiment, DBy taking

into account this 5% loss, thae acceptable value of the N0 concentration

should be 1973 ppm, with accuoracy of + 54,

3. Calibration of Iateprated Peak Area

The corrctatibn hetwoon the actual amount of NG intveduced under a -
given flow condition and the mass-spoectremetvically recorvded peak area in
nV-sec is oblained iu a maaner similar to thot in the N02 work. The
stasdavd NO!Nz mixture with NO concentration of 1973 ppm is uscd as the
calibration gas. During calibration this mixture is InFrud?cod at a Mlow
rate of 100 co/min for a period of 10 min., The awount of l‘.'('l:2 intraduced

is found to b

~3 -6
16x10010 " x1973x 10 = _ 22108
0.087 % 300 8.2 x 10 mates



Daring the Eamc period a fractfon of this flow is ;lsolintfuducod 1nt6-
the ion source of the miss gpactrometer. The ratlo “E'IBD fon (N0+) to

129 ion (18N15N+) wag found to be 0.3025; . An integratiﬁn of the 150 fon
signal for a period of 10 miﬁ with the 129 ion sot at 6.8 x 256 yield

a total value of 3,059.320‘mv—sec§ Thus, the integrated peak'area_per_

pmole of NO detected is

3,059,320/80.2 = 38,146 mV-gec/pmole KO delected

Note that the above calibretion was obtalned using pure Nz as the mixing
gas. Io the case of desorption where alr is used as the cacvrier gas, a
correction factor of (1/0.78) should be applied to obtain the actual

amount of NU detected by Lhe mass spectrometer.

4, Preparacion of Triethanoamine Precolumn

A triethancamine (TEA) impregoated molecular steve precolumn was
ugsed in the present work For the differentiation of N0 and 1\‘02 gases,
The preparation of this agent folleows the ssme procedurce as that described
by Levagpi. 32 In brief, add 25 g of tricthoalumine to a 250-mo bausker;
add 4.0 g of glycarnl, 50 c¢ of acetone, and sufficient, distilled water
to dissobve, To the mixture add about 5@ cc of 45760 mesh molecutar
sicve 13X, Stir and let stind in the Cuveréd heaker for abuuF‘BO min,
Decant the excess liquid and transfer the molecunlar sieve Lo a flat
glass pan. Place under a heating lowmp until the bulk of moisture has

evaporated and then In an oven at 110°C for 1 hr until dry. Store in

a closed glass container,
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c. Resulis

2. ®xidatlon Capacity Test
The first logical invescigatién on moleccular sieve SA is to test

whether it is capable of catalytically converting‘incomiﬁg NO into N02
in the éﬁvironment of air oxypen, and what is the minimum quantity of sieve
material-required for a compi@tc cenversion. After the oxldurion stage, the
adsorption and desorption processes are expected to follow the game
pattern as in the case of NOZ cxpgriments s1ncc Qxactly the same chemieal
identity--ﬁoz--is under consfderation as soon as it is formed,. However,
it is clear from later discussions that the adsorption of the oxidized
N02 appears to follow a somewhat different mechanism,

In the first test, an arbitrary amount of 0.43 g of molecular

sleve 3A with a thin layer of P20 vas packéd into a Lfd-in. Q.D. U-1ube

5
colunn., After preconditiening in the usval manner, a 40-ppm NO/alr

mixture was allowed to flow through the column ot a rate of 500 ce/min

for 15 min. During the same periocd a portion of the alter-column cfflucnt
was introduced into the lon source of tiw mass spectrometer for monitoving
KO gas cscaping from the P205~Sa column. A c¢lear sharp increasge of the NQ+
jon level was observed at the Béginﬁiﬁg of NO/air f?uw. This iqn slgnal
repained at an elevated Levol over the =ntive span of 15 min and gradually
cafie back to base line after said pericd when the RO f}nw was clu#ed.

This certainly indicates that some portion ¢of the R0 ianitially introduced

had eseaped from the sorbent column, altthough the quuntitative ameunt was

nwot cstablished In this expericent.
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In thels;cpnd_tcst, two cdlumns cadh with 0.5 uligjwere attached iﬂ
tandem. When the same NO/afr migtﬁro_asI}? the {irst Egﬂtﬁaggllowcd to
fiow through the columué, the escape of KO ‘was no langer obsnrvabic in the
_mass spectrometer. ?hﬂ dcsorptidﬁ aé dpuc in the usual manner shows the ratie
of the Integrated Nb+ ion intensity of the front coiump to th#t of the rear.
‘one to be greater than 1000:1. It is concluded that the molecular siove
3A is indeed effective in catalyzing the B0 exldation reactian-undcr

- typlcal sampling conditions.

2, Recovery as a Function of KO Concentration Level
and the Amount of Molecular Sieve 5HA

One other crucial test in the present evaluatlon was to cheek the 7
complecion of oxidation over the whole range of RO concentration of

NIOSH interest, namely from 2 ppm to 40 ppm. At low concentration the
oxidarion rate js cxpected to be slower i? the rate is proporticnal

to the NO concontration to the sceond order as shown in gas—-phase kinotics.
This will be reflected in the aboormally tower unit vecovery for the low
KO concepntratior adsorption. Qn the other hand, the oxidotion will net

be completed at the hagh RO concentration end 0 th > amount of sorbent
vmpioycd is lnwc_r Fh:m that required for a complete coaversion,

In the test the rucovcry'of RO {s measured as a function of NO
concentration ﬁ;inn columns that contain 0.5 g, 1.0 5, or 2.0 3 of
moleenlar sieve 3. For a constant adszorption Lime of 15 win and
dry-air flow rare of 500 ec/iin, each Lype cobunn was adsorbed with five
diffcerent ROJair mixtures, with concentration raupging from 2 to 40 ppm.

These cotunns were preconditioned amd desorbed in the same manner as

that described in the Iiilz work

18
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The results of the above é;ﬁpériment ate shoun in Fig. 11 .I ‘It is
| sden froﬁi"this‘figd_re th'.it,'_ axécpt for NO _cencqni:_fatibus hi,:?hcr than
40 ppm, all recoverics are linear with fcspect'to RO conccntt;tlon for
all cases where three different amounts 6! 5M sieve were used. lHowever,
the rec;wc.;rles .tncreasr{ progressively as the amount of SII\ siceve 1s-
increqsc@. This is expected if 2 lower amount of 5A siove ls inadequate
for the quantitative oxidation of the sampled Nd gus.‘

The effect of L'lie amount of S5A s;icve was further investigoted by
varying the amount of molecular sieve 5A in each column vanging from
0.5 g to 4.0 g. Each column was adsorbod by a NO/dry air mixture
(N0 22,1 ppm) with totul sampling rate of 540 ce/min and a time peri;d
of 15 min. The desorpticn results arce shown in Table X . Within
experimental error, tuo rezovery imcreases with Increase in the amount of
muieculur sieve bul levels of f as muré than 2.0 5 of 5A siceve Is used.
This clearly indicates that the quantitat ive oxidatfon ami adﬁnrpléﬂn
of XO has been achicved with 2.0 g of 5A coluan under the present sampling
conditions, Tt is anticipatod that pore than 2.0 5 of melecular sieve
54 should be used for sampling the XO/aiv risture at higher concentrations
or loager periods [f a quantitative eoxidation and adsorptloan of EO s
desired. Tt is sugpested that a lesser acount of 5 colunn is still
acceptable for monitoring ﬁﬂ_sincv the recovery of Ko durihg desorpl ion
is binear with the acinal R0 concentration Level as demonsirated in
Fig. Yl . This is eapectally troe where a lesser amount of 54 sieve is

desirasle in order to reduce the low resistaace during air samplipo,

i _
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DESORPTION PEAK AREA(X 102 mv sec)

FOR A

E-9

N

FOR 0,@
\

i
~
.

AMOUNT OF M.S. 54
O 05 g,
Q 1.0 g
A 20 g

1 1 § | S ]

o 10 20 30 40 50

NO CCNCENTRATION (ppm}

Boocoyaayy el T . oo T A T, ooty at fon
Sonsat ond Moteenlae e 0t
RIS TR IRV i sl TR T L I b))

RS T AR TR N N TR N T L TR [ AT O S i PO
vate ar Y Ly STV R AR L B U TR A




S I 5 o I

‘Column
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Siovv 5A

oF. IuPI o
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b

< LB .

0.5

100

as described in Tablé vir.

(mV=se. fumoled .

19,269
21,618

23,923
24,340
23,646

24,458

Standard NO/N, mixtere {30 1973 ppm) 1
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Samplinu tiae = 15 min

Amcoupt of X sanpled = 7.3 pnole
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One other noted phenomcnan.iq“Fig. 11 {s that the recovery of
NO for 44 ppm NO data is conslstently loyer than the expected value by
~ 10Z. The possibility of experimental crror is reasonably ruled out
since the igss of recovery appears on all three cxpnrimeﬁtal data. The
expianation based on the insufficient oxidation of NO samﬁle on the 5A
sicve is unlfkcly since one wonld expect a remarkable improvement of the
" NO recovery when the amount ﬁf noleculam sieve 54 is increased from 0.5 g
te 2.0g. 7This improvement;is not seen in thé 44 ppm NO data,

It is clear from later discussions that the adsorption and desorption

2

mechantsm from that which accounts for the adsorption and desorption of

of the surface catalytically oxidized NO, scem to follow a diffevent
natural NOZﬁ As a result the desorption not ion-peak arca per pmole of

M0 sampled is more than two times greater than che desorption N0+ 1on-peak
arca pov wnole of N02 satapled. One plausible explanntion for the
discrepancy of the 44 ppm N0 data is the possiﬁie premature oxidation of
HO in the WO/alr sampling stream before it enters the 5A sicve solumn.

The prematurcly oxidizod NOZ, after being adsorbed on fhc 5A siovo
sorbent, will yield a much swaller N0+ peok aréa upon desorptioun., The
promature oxidation of NO is prominant only at high NO concentration

since it is known that the oxidation follows a secomd-grder mechanlsm

in the gas phase. This appears to be in agreement with the observation.
To further teskt the poscibility of this theory, twoe adsorption experiments
ware conducted with the 2,0 g 5A sieve columns in sampling a NO/alv
mixture with NO concentration of 110 ppm at a {low rate of 113 ce/min for

a period of 30 min. The desorption of these two columas yields a recovery
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of ':,13.8&9 and 13,880 mv—scci.hmulc. Np--mere than 40% lower ‘than the
extablishad viliuc This elearly dcnmnatr.ttcs that thc premature oxid.ntion
of NO is thL real cause of the apparent decroase uf the NO recovery In
sampling NO/alr sample with higher RO conccntration. It also rcflccts
the fact that there fs no need to monitor NO ia awbient alr with concentration
much liigher thag 40 ppm siree the NO wlll convert into NO, 1n a matter
of seconds,

3. Reproducibility of Mo Sorptinn with Molecular

Sleve 5A Column

The reproducibility test of NO recovery was done with a modified
column coutaining 2.0 g molccular sicve 5A. Each céiﬁmn ras preCOnditioncd
by heating to 300°C while purging with dry aiv at a flow rate of 100 cc/min
for 2 hr, During sawpling a HO/air mizture with an BO concentratton of
1ML ppm was introduced inte the sampling column at a total {low rate of
540 cc/min for a period of 30 min., Table XU shows the rosults of four
idcntical cxper iments with an averagotrvcnvcry of 24,240 ﬁb"QOCfQNOIO NO
and-standnrd devintion of + 1.1%. Reproducibility is, therelore, sces

to be very satisfactory.

4. Adsorption of NO with Ambient Air as the Cavrier Gas

To test the effqpt of muisturé-un the NO oxidation and adsorption,
ambient air with tempevatuze of 89°F amd relative humidity of 40% was
used as a carrier gas in the NO adusorption, -Adequate amounts of P205
were placed in froat of cach l-g 5A sicve column. The expex{mental

procedurcs are identical to the descvipticn given In the previous seetion.
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TABLE Xi

!

REPRODUCIBILITY OF N0 SORPTION WITi MOLECULAR SIEVE S5A corum®

Desorption Peak Area per

Column Desorption 13 Peak®® umolF of NO Sampled
Bo.” Area (wV-soc) ' o fSo¥-nec/pnole)
1 182,226 24,826
2 178,201 ' 24,289
3 177,238 24,169
4 176,724 L .on
Average 24,340

Staundavd D-yiation 217

s

column: 2.0 g of molecular siove 5A with PO presection in a 8 mw
0N glass tube with its rear end attached to a Teflon valve.
Each cotwan is preconditioned by heating te J00°C while
purging with dry alr at a flow rate of 100 ce/min for 2 hr.

bSampling Conditiont Staundard RO/, wmixture (NO 1973 ppm) is mixed
with dry air te yleld a VInal mixture with MO ‘ar 11,1 ppm
and a total L[low rate of 541 ce/min. Sampling time = 30 ming
Amount of NO sampled = 7,34 pmole.

CDESurption Condition: The colunn Is heated to 240°C with pure N2
carrier gas at a flow rate of 100 ce/min.

dAll mass-spectrometrically recorded peak aveas in this work were
obtained in reference to o coustant‘lzg (34x153) paak
height at 6.8 x 256,
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It is seen from the roaultn.prusou:vd jﬁ Fig. 12 that the apreement
~with the dry-air cxpericent is pood within cxperimental creor. Tt should
be noted thae a ?205 precolumn layer fs alwags provided oven for the dey-
air experiments Luluﬁold any nrcldcﬁtal contnet of thd sieve matcrial

wlth moisture,

5. HNo Sturage Experiment

In order to asscss the eapahility of the molecular siceve SA column
in re:aiﬁing the collected sample for cxtépdcd perlods, a gerles of RO
storage cxperiments vas conducted with the sample column stored fer a period
ranging from 1 day ro more thar one month after sample collection. The
colamn and #ampling couditlons wopted In this experiment are essentially
identical to those deseribed in Table XI for the rcproduﬁlhility test,
Buring storape the Tellon valve of the column {8 closed and the {ront
end of thé column is scaled with un o-ring jelint cap.

The results avd shown in Table Xli. Thé losy of Nof;ecnvery is
seen to be nuch Farger than that in the case of NOQ. There is ~ 8% loss
of KO rcecovery after the first weck of storage, and this loss jumps to
=~ 15% a* the end of the sccond week. The enormous fluctuatlon seen
{n the recovery data sagpests that-—in_additioh to the storage time
effect—~che loss of NU recovery i also aumché;“inflagﬁcéh by the condivion
of cach individual sampling colvay, The coause for this deterioration s
not clear, although the possible contaminatfon of ‘water mofsture is again
considered as the prime reason fov the Joss of 10 recovery. The
tnelusion of correction factors to account for the loss ol RO after
s.orage should also be feasible, ~lthough the detailed covrection procodure

mity require some further exporimental work.
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CABLE XIX

HO STORACE EXPERIMENT DATA

Peak Arca per

Desorfition I~ ymole of NO, d
Colwnn Storage Time Peak® Avea Sampled Ratio
No. &t (day) __(m¥-sce) (m¥-sec/umole) L
1 1 168,08" 22,900 94.1
2 2 177,055 23,522 96.6
3 -3 160,866 21,916 90.0
4 7 163,565 22,284 91.6
5 7 166,513 . 22,686 93.2
6 14 150,792 20,544 84.4
7 14 155,649 21,206 87.1
8 21 146,891 20,012 82.2
0 34 142,572 19,424 79.8

R

3¢olumn and Sampling Comdition: As described in Table XI.

bDuring storage the Tellon valve of the celumn is closed and the front
end of the column i¢ sculed with an o-ring cap.

cDesurptlon Condition: As deserib:d in Table XL,

dRatio is expressed as the ratio of the value in Col. & and the
average value (24,340 mV-gec/pmole NO) obtained from Table XIE,
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Experiments were alse cﬂnductcdrto exaniac fhc NO re;ovory'for
samples that have been stored under abnormal conditlons such as
extremely high ambient temperature or low preséure} Columns 1 and 2
of TableXIl reveal the recovery of NO for sample columns thaf had becn
stored at a temperature of 130°F for a perlod of 2L-hr. Unfortusately,
the loss of KO Is too large to he aceeptahle. As shown 16 Cols. 3 and 4

-of, the same tablﬁ, the experiments were repeated in a similar nanner |
except that the column was stored at a lower temperature (120°F) and for
a shorter period of time (6 hr). Thé results were found.to be very
satisfactory. Apparently there is no complication caused by the lower
aubient pressurc. As shown by Cols. 5 and 6, the recovery of N0 is
practically unchanged after the sample column has been stored at 500 torr
for a period of 22 hr.

6. Passage of NO Through TEA-Impregnated

Molecular Sieve Precolumn

The test df passage of NO throughexTEA—imprognaEed molecular sieve

precolumn has been conducted extensively by the group of D. A, Levagg132
at the sub party-per-million MO concentration level. The purpose of the
present work was to examine the same passage over a range of KO
concentration of NIOSH interest; namely, 2 ppm to ﬁo-ppm';f K0. A glasgs
tube of l. mmfn).co;taining 1.37 g of the TEA—impregnsted molecular sicve

was placed in scttés with cach P205—5A (1.0 g) U~tube column tested. The

experimental condliions are the same as those described in section 2 ahove.
The results are given in Fig. 13, It is seen from these data that the

viit recoveries of the present data are essentially the same as those of

Fig. 11 within experimental ervor. 1t is, tbherefore, established that
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TABLE XIIF

@
STORAGE OF KO SAMPLE UMDER ARNORMAL CONPITION
SCOragé Couditlunh © Desorption Peak
Area® per mole. 4
Column Pressuve Temperature  Time NO Sampled ~ Ratio
No.® _ (torr) __en (hr)  (mV-sec/ mole} ()
1 760 130 21 18,986 78.0
2 760 130 21 15,81% : 8.4
3 7ol 120 6 24,182 99.4
4 . 760 120 6 24,258 9.7
3 500 g0 22 25,099 103.1
6 560 80 27 24,800 101.9

e —

Acolumn: PZDS = 5A sicve (2.0 g) column; column preconditioned in
the same manner as in Table XIL.
Sampling Conditjon: NO/dry air mixture (NO 11.1 ppm)
sampled at a {low rate of 540 ec/min for 30 min.

bDuring stovage the Teflon valve of the eolunn is closed and the front

cnd of the column is senled with an o-ving joint cap.
“Desorption Condition: Same as duscribod in Table X1,

dRatio is expressed ag the ratio of the value in Cel. 5 aund the average
value (24,340 mV-sec/emole NO) ohtained from Table XI,

89 .
148
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EO at concentrations below 40 ppm Ju ajr can pass the TEA agent completely

+

upatfected or with only anegliptihle loss,

D. DBbiscussion

1. Desorptlou-ﬁcak Analy#lu

As dliscussed In the previous Teport on n02 work, the mQIccular sieve
SA t.-'esorpt.ion-pc.‘lk shape was found to i)e highly dependent on sleve
preconditioning, although the kntal pcaﬁ arca remaing unchanged. With
higher preconditioning temperature (> 250“6). it is c¢learly scen duting
desorption that there is actually a sccond, snall bread peak riding on
the tail of the firat larg. ahﬁrp peak.  TFurther regolution of these
two peaks was recently aftcmpted in a column contalning as much as 13 g
of molecular sieve S5A whlch_wus preconditioned by heating to 300°C for
a period of 5 he. Two dcsorpglou perks were largely resolved gndcr
normal desorption conditions, There were reasons (o belicve that this
second peak might be caused by a partlial breakthrough of the nicric acid
forned during colum desorption. However, ffum Lhe mass sé‘ctré recorded
at various positions of these twa desorption peaks, it was discovered
that the Noz (mf¢ = 46) jon--uhlch i; an intcnse neak fon in the HNO3
spectrum-=wag not observed aleong with the H0+ Jon corrcsﬁonding to
the second Lroad peak, Tt thus appears that s se;nnd.bcﬁﬁliﬁﬂalso-
an fon formed from NO, although ity origln is seill not clearly
understood,

The double-peak phienomenon was also ohnerved in the desorpuicn of
colunns adsorbed with NO. The ‘ati; of Lha first-peak 5rpu to fhat of the

-

second peak 1 larger than 531 for the adsorption ef hipgh NO concentration

9%
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(40 ppm) but graduslly dervoases to - 1:% for e RO cohccntratian of
2 ppn.  Therefore, it ls the total desorption peak area vather than the
arca of any iudividual peak that ahould be counted in order to casure a

uniforn wnit recovery over the entire range of NO concentration,

2. N0 Adsorption-Desorption Mechanism
it i{s reasonably well establishied that ducing the sampling of KO gas
in the afr stream with the moleculae sicve 54 column, RO can bﬁ oxidized

on the catalytic surface of the SA sleve inte KO, accordIng to the

2

reaction

INO O+ 02 -+ 2R 4 (1)

The oxidized ¥O, is then adsorbed by the moleovlar sieve 5A sorbent,

2

anntltative oxidatbon-adsorpt ion can be achieved provided ti: amount of
SA sieve is adequate==the value being dictated by the actual sampling
condition such as NO concentration, total reaction time, ofe,

In the previous wection dealing with NOZ work a double 31 sieve
tand.n colunn was utied to cxamine the degorpt ion mechoninswe of the Noz-
adsorbed column,  TU was convluded that the majer fdentity of tne
desorption product exists in the form of NO, It is of cqual intervst in
the present worlt o determine whether the same mechanism ig followed
during dvsorptioq of the 57 sicve columy that has sampled the nofatr
mixtore, The some long plass U-shapedd column with cach lep being filled
with 0.5 g molecular sfove 5A wis used in the present test. After

sampling the ¥O/air mixture (8O 22,1 ppr) at a flow rate of 50 cc/min
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for a perlod of 1% min, the front 5A sieve sct_:tio_n wad degorbed nwalng er
ag the carrfer gas while the rear sectton as ﬁell as ﬁl:c U—trap- ﬂcct.ion
was il!lmersl-c'l in a dey-~ice bath To our gurprise only a small N0+ peak
wia recovered having an area of 429 w¥-sec. The rear 5A sleve section
was subsequently desorbed with an ot peak area of 76,064 mVenee recorded
by the mass spectremcter. ‘The only plausible explanation for chis finding
is that the majo; cumponent desorbed from the front 5A ;ieve columi is not
in the form «f NO. The most llkely candidate which fits thq observation
is NO, although positive fdentification cannot be made from this test.

3. PorconL‘Rccovery of NO from the

Molecular Sieve 54 Column

Some difffculiy arises (n arriviog at a meaningful derivation of the
percent vecovery of NO from the molecular sieve 5A column siance Lhe true
desorptios mechanisn has uot been unequivocally eastablished bascd on the
cxpetinental findings.  Assuming a desorption product of NO, the percent

recovery can he espressed in a manner similar to Bg (6), l.a.,

pmole of NO desorbed 66,

YR o= pnole of XO samplod
A .o, iy
w 20,330 miosec/unole NO sompled 60,
48,905 mV-gee/pmnle NO detected
= 48.8% (13)

However, as discussed previoeusly, the desorption product is nore
-likely to be in the form of N02 rather than N0 under prosent exXperinmental

conditions., Accord.iogly, the correcl form of percent recovery should be
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=

pmole of N02 desorbed

PR = wnole of KO sauplod x 1002
o 24,340 wV-sec/rmole NO sampled Co.
31,540 mV-gee fumole an deteoctod
= 17.0% ' _ (14)

vhere 31,5&G w-sec/umole N02 detected is the c#librhtcd vilue for K02
response previously desgribed. Regardless of the actual desorption
mechanism, the obtained percent recovery for either case is substantially
higher than that of N02 adsorption. It is conceivable that the adsorption

of i, and RO-turncd-N02 wnay follow different mechanisms. In the case -

of NQ, the adsorption wmay be dictated by a process closcly related to the
catzlytical effect of tﬁe sieve surface and mn;é readily desorbed upon
heating. The unexpected high PR value of NO also violates the stoichlometric
relationship of the desorptinu mechansim of 3N02 + H20 -+ NO + 2HN03
proviously assumed, unless the lorned HN03 can partially break through

or further dccompose under the present desarption conlitions,

4, Effect of Interfering Gases

In principle any gases existing in ambient air that can be absorbed
by the adsorption tube undcr the present snmgling cqndftiong and desorbed
upon hc#tingv-with the desorption product aécfdcntqlly also ylelding
a mfe = 30 in signal in the nass spectromctc;——yill ;nterferc with the
present method of analysis of NO and moz. However, to the author's knowledge,
theve is no commonly existing air pollutants thﬁt fit the above description

and cause interference to any significant degree.
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© Among variQus nitropen oxide compﬁunds. nitrops oxide {Nzo) is-
known to exist in amblent atr at cousiderably high concentrations (seJeral
hundreduggrts per million) and forms a signlficanc.aﬁaunt of the No¥
ion {m/e = 30} under electron impact. Fortunately, it was found ia this
laboratory that it’gannot‘be adsnrbed.and subsequently desorbed wich the
molgcular_sievé 5A column vsed under the present experimental conditions,
The interference Is practicnlly negligible for an Nzofair mixture witch
Nzguconcentration as high as 2000 ppm,

28

It has been roported that nitrous acid anhydride, N203. and

nitrogen tetroxice, Néﬂa, do noF exist at coucéntrationé of 100 ppm and
below. Kineric data show that their dissoclaticn is prackically
instantanecus. Yence, these nltregen oxides nay be disfcgarded.

Nitrogén pentoxide is rarely found in ambient air because it is readily
hydrated to nitric acid vapor and is also an unstable compound which is
very sensitive to hea;L The reported28 half-life ds 6 hr at 25°C, 56 min
at 35°C, and only 5 see at 100°C, The decomposition products are nitrogen
dioxide and oxygen. 1t is also doubtful whether NZOS can be physically
retained by the 3A .sorbemt due to itg relative larger molecular diameter.

Probably the most likcly pas to interfere with the present method is
nitric-acid vapor. It is known to be stable, to exist in the atmosphece
at trace levels and to readily yield an N0+ fon in the mass-spectrometric
jon source. However, its adsorptlon and desorption characteristics on the
5a sieve are unclear at rhis time. Since it can also be absorbed in many
metal and glass surfaces, it is doubtful whether it can be successfully
introduced iate the ion source and detected during dcsﬁrptlun. Experimental

testing is requived for a better understanding of this poteatially

interfering gas.
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In addition to the Nd+ ion, scv;rnl other fons such as Czué+, CH20+.
. and cH4N+ also show the same nominal mass (i.e.,'ﬁ!e = 30)., If the -
precursers of these ions come as the résulting produéts of the above
adserption-dusorption procedure, they should also ba ceonsidered as
interfering compounds."Althoﬁgh there seemg to be an endless list of
compounds thaé are able to form one of thesc loms, probabiy, very few-—if
any--can caus¢ severe interference which will affect ehe actual measuroment,
First of all, the majority of these compounds yield only the w/e = 30 ions
with {ntemsities much less than 5% of the most intemse peak in e#ch
spectrum. Thus, the interferdng eflcct is negligible unless thedr
concentrations are verf hiph in the ambient-air epvironment. _On the

other hand, most of these cowpounds that are capable of producing

m/e = 30 ions are generally of a size which is too large'to be adsorbed
effectively by the sorbeat currently employed which has an aperature of

only 5 R, Furthermore, even after adsorption these compounds may not be
"desorbed under the present desorption conditfons,

In the actual casec of interfeorence, there are still ways of eliminating

or minimizing this effect. The diffcorence in mass between the N0+ ion

{n/e = 30.0061) and the above~mentionced lons (C2H6+ ioun with mfe = 30,0702,

d+ ion with /e = 30.0245, and CH Nt ion with m/fe = 30.0498) is large

2 4

enough to be rvesclved by most mass spectrometer having moderite resolution.

H

A proper choice of a GC celumn is semetimes very helpful in separating
the interfering source and the true fom signal., Other methods such as
trappling and absorption elimination may also prove to be effoective for

resolving the interfercence preblem,
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3.

3 In conclusien, it appears that the present method of moﬂitoring NO
and Noz.is free from the intérference of other pases commonly existing in
ambient air. However, more definite conclusions await Further systematic

laboratory experimentation.

E. Conclusion

The currently developed solid-sorhent mass-gspectrometric methed has
been shown to be effcétivc in monitoring both nitric oxide and nitrogen
dioxide In ambient afr ot parts -per-million levels. The gampling tube is
cumpatiﬁle with thc personnel-carryable ;sampling punp in every respect.

Adsorption efficliency is quantitative for borth NO and K0, over the entire

2
experimental range. The desorptlon result is . reproducible with acéuracy‘
better than + 2%, HNowever, the percent recovery for thcse-two gases vas
found to be diffovent, probably due to the differont adsorprion-desorption
mechanisms invelved, the details of which are only partiully resolved
in the present work.

It should be poted that although the prescnt mebhod has been tested
only within the concentration range of interest to NIOSH, the prescont
techmique can be applied te eother ranges provided the sampling conditions and
amounts of solid sorbents are properly chosen, Thus, a longer sampling
period is desired if the ambient air with X0 or No,, concentration at
sub-parts-per-million is to be sampled, On the other hand, in the case of
a-stationary sottree or vehicular-emission wonitoring where the pollutants
genervally persist in the raonge of hundred parts-per-million, a greater

a..ount of sieve sorbent with a shorter sampling time should suffice.
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--fin.thc preseﬁt work the mpus spectrometer ia.chosen for identiiilation
and quantilicatfon of préducta released f?DM'thc sorbent during deéorptign.
Ana;ysis using the mass spectrometer is rapid, scnsltivé, and upambiguous,
However, it may not be popular due to the relatively high cost of the
instrumentation. In a case where the sensitivity requirement is not
extremely eritical, the thermal dosorptiun-broducflcan be simply collected
and analyzed by the conventional titration methed. bué possibie alternative
te thermal desorption is golvent extraction. The central question will then

be the development of a technigue for the analysis of the extracted

solution,
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SECTION V1

INSTRUMENT”COMPBTER INTERFACING AND PROGRAMMING

MS-30
Prelicinary work perfomied on the AFL MS-BO!I:)S*S"f mASS spectrometer
and data &ysten has-bcen desceribed previously. 33 The Jatn system is
now fully operatlonal and several wodiflcations and improvements have
beqn made. The Data General RDOS operating system has been modified to
allow the entire systcm'fo be run from the CRT tecminal rather than the
teletype. The hard-copy photepriuter attachment to the CRT terminal may
also‘be trigpered automatleally to provide a perwancnt record of the
console dialog if destred. This dncreases the efficiency of operation sub-
- stantially since the CRT temminal will print approximately 80 times
faster than the Teletype.
Programs have bceﬁ written to permit signal avurng#ng of successive scans?
The current version of these programs relies on the reproduckbility of the
magnet scan (magnetic fleld strength versus time, weasurced from the
start of the scan) te line up the mass scale for cach successive rua. The
present operation of the DS-30 data collection is as follows: Each
individual scan is centroided on-line using a preset hardware threshola,
The time centroids are also converted to masses on-line using a pre-
determined pime-to-mass scnle as described prcviously.35 The peak
areas and corrésponding masses are then stored on the disc, Subsequent
propgrams perform the desired analysces of{~-line.
It is not possible te do all of the above processing on-line when sip-
nal averaging since the individual peaks might not be defined unifl

several scans have been accunulated, It is also necoessary to roemose the
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hacdvare threshold to avoid any loss of data in the Individual scana.
%hus,the signal-averaging program makes use of a Ds—50 optlon which
will allow raw unccntroided" duta to be collectcd. The signaluavernging
program then avcrngcs the raw data off-line, calqulqtes time centroids and
peak areas using a éﬁftwafe threshold, ﬁnd stn;és the inférmatiﬁn on dlsc..
An off~line time-to-mass conversion progran (suppited with DS~50} is then
used to convert the time ;entroids €6 Dasses, thuélailqwing the
remaining D5-50 analysis programs to be run.

These programs have been tested and the reprJducibility'of the magnet
scans found to be adequate for low-resolution spectra provided the
magnet 1s allowed to cycle at least ten times before data collection is ini-
tiated. The reproducibility at high resolution has not been tested.
Ultimately, we would want to consider installing o Nall probe to moniltor
the magnetic field strength directly., This would greatly increase the
accuracy in which the mass values of successive scans can be lined up before
the averaging is performed, as described prcviously.36 No work has
been dore on rewriting the time-to-mass conversion portions of the
DS-50 data systen as yet, as AXL has been reluctant to make these
programs avallable. It would probably be boicter (and easier) to write
dedicated time-to-mass algorithms for the particular mass range

desired (320-328) than to try to medify AEL's gcnekaliééd'roupine;

CSPARK-SOURCE #MASS SPFCTROHLTFR
No additional work has been done in this area sirce the provious
KX]
repovt. Howcver, once the above system for the M5-3C is operational, it

should be casy te connect the computer to the MS=7 rsther than the MS-30.
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‘the only difference would be the passible use of the Hall probe. ﬁ over,
baged on past experience with the reproducibiliiy of the magnet sca on the
MS-3D,bnn idonéicul solutlon on the M5~7 would probably be attcnptcé/

Some work would be required to intorface the digital- lines from Ehu
computer to the scan gontrﬁl circults of the MS-7, Lut this should

present no probleoms.

CROSSED BEAM AND CP-491 PROGRAMS

Data acquisition and analysis prngrﬁms have been wrltten for the
crossed~icn molocular-bean appavatus and -the DuPont CD-491 GC-MS systew.
These programs ave capable of collectim, data, contrelling instrumental
parameters guch as scan apecd, and performing subsequent analyaes._
all using the Hewlett-Packard 2116 computer with the manufacturer-supplied
DOS-M system. The detalls of the operation of tlhese programs have bcen.
described elsewhere. 37-40
OTHER COMPUTFR WORK

Some tlme has been spent adapting compitef prograrms written and
used by one of the authora (D. T. Terwillip r) at Purdue Uolversity
for usc on the presently avoallable Hewlett-Packavd computer systcens.
These programs ineluded an operating systen for an hP=2100 sevies
computer in a non~disc cnviroument as well as‘muss spectrotieter data
collection and analysls programs. : The operatlng system has been
expanded to include the facilities of the disc and tlwe Versatec printer/
plotter which were not available pfcv[ously. The system is now substantially
easier to use and wore cfflcicent in its opervatlon than the llewl ect-Packard-
supplied DOS-M system which bad been used exelusively in this laboratovy

previously. HMost of the preliminary portions of the programming for the
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épark—sourcc nass bgcctrnmctcraﬁ were one on the Hewlett-Packard
computet using the above system, sand portions of some of the programs
used at Purdue were directly applicable to the problenm,

Anﬁl&sla of the paper-tape cutput of a quadrupole GC-M§ systom
used for voutlne herbleide analyses was performed using programs written
under the above aystem, - This GC-ﬁS systom consjsts of a Varian 2740 gas
chromatogeaph equipped with a Model 8000 auvtosampler coupled to a Extra-
nuclear quadrupole mauws spectromvtcr.az Data is acguired byla
Spectrophyslics Autolab Syétum 4 compﬁting integrator interfaced to a
teletype with a low-speed punch. The paper tape produced is vead
into the HP-2116 computer and the results of several runs can then
be averaped and cowpared to a stnndard.43 Concentraciors and standard
deviationa vere automatlcally computed and printed out for wach sevies

of runs,

LIST OF PROCGRAMS

This 1ist of proprams can be divided inte four secvions., The first
two contaln the proprams weitten for the Data General Nova computer
system and the last two for the HP-2100 Series competers, Sections ope and
three contain gcucrnl.ﬂystcm programs wiich, while prndﬁcing no data them~
selves, arc necessary to wrlte and debug all other programs. Sections
two and four contain applicatlion proprams written to Befform speciflic

tasks for speciflc systems.
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A.  Modifications to NIPBOOT, SYS.SV, SYS.OL, uud SYS.DR, all part
of the Nova operatinglﬁystcm RDOS to permit greater Efficioncy of
operation.
1. Allow either the Teletype or the CRT termiaal to
serve as the sgystem console device. Changeover
fromlone to the other takes less (han twe minetes,
2. Simplify the étartup and shutdoin procedures

considerably.

B, VLU, VOF, vDH, TT0. Allow for automatic paging and photoprinter

triggeving of the CRT display when used as the console.

C. CLONN, CLOFF. Allow the operator to start and stop the clock. Many
analysis programs not needing the real-tine clock will run faster with

it off as system overload is substantially reduced.

I, TAPE. Allows the paper tape reader to be cnabled for console input
when the teletype is the console device. This allows repcated sequepces

of commands to be punched on tape rather than re-eatered cach time.

E., UPPER, LOWER. Allow the lower case facilities of the CRT terminal

and the line printer to bé used.

¥. DLST, BLIST, OSRCH, SRCH. These programs will “de-assemble™ binary
instructions direetly From core or from any sclected portions of the
dise or secarch for given strings in either the core of the disc as

an aid to annlyzing and ﬁodifying manufacter. v-supplied system

programs,
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G, TCOPY. ‘This propram selectively coples a portion of one disc to
another using only a single-dise drive, This is eosentinl for pcr[urling
any applications programming as there must be a moans of transferring

fianighed prograns from one dise to ancther,

Scction 2
A. CAT. Program to average several scans ol upceptroided data and cuntrold
the resulting average. This creates a data €11e¢ sultable for processing

by the PS-50 off-line time-to-mass conversion program.
B. PLOIT. Program to plot uncentroided data on the CRT.

C. HNLWATOM, Modifications of the ARI program STHATOM which generates
atomic composition reports. This program previously could tale four to six
hours to run depending on the data. The modi{lied version runs in roughly

one~fourth to one-titlrd the rime of the oripinal.

D. DITPLOT. 1lModifications of the AEL program PBMPLOT, climinating

several errors found to be prescent in the plotting of mass spectral data.

E. Double precisfon subroutinea. Programs to perform 32-bit arithmetic

operations which are necessary for the program CAT to function properly.

A. Modifications te the TZ—MOS systen used at Purdue Lo operate en the
1P-2116 computer system presently avatlable.
1. Sections were added to support the disc-drive, the Versatee

printer/plotter, and the WP-CRT teorminat.
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2, The assembler was modificd to produce output in‘a disc~
compatiblc fofﬁat. |

3. The:stand—alonc version of the HE relocatable loader was
wodified to be compﬁtible with and rua under the above

system,

B. Disc bootstfap loader and gencrallzoed system loader to perait the
“system to be started and blaary programs to be loaded directly from

the disc.

C. Disc-based SI0 drivers to allow the HP fortran compiler and extended

asgembler to operate under the above system.

D. A de~assembler to ald in analyzing and medifying manufacturer

supplied binary programs.

E, Programs to load HP-ROSM directly from the dise and to copy source

programs from the disc to the DOSM uscrs directory.

F. A variely of utllity programs to copy progroms, edit libraries,

dump scctions of the disc, cte.

Section 4

A. Test programs to collect, average, and analyze data from the

spark-source masg spectrotceter.

b. A progran to generate a set of test data (uslng a rvandom number

gunerator) for the above program.

C. A program t3 plot and label data on the oscilloscope.

PATS



D. Modifications to HP-DOS Versaplot, a gencral pﬁrposc plotcing

' 2
system for the Versatee printerfplotter to run tnder the T°-MOS systen.

E. A program to duquZu the output of the quadrupole mass spectrometer

used for routine herbicide analyres,

¥. A program to reformat the results of the DS-50 analysis of herbiclide

mixtures to be suitable for Incluaton into Alr -orce technical reports.

G. A program to analyze the rveproductbiltity of the magnet seans on

the MS-30 mass spectrometer.
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