Lawrence Berkeley National Laboratory
Recent Work

Title
MOLECULAR BEAM KINETICS

Permalink
https://escholarship.org/uc/item/7v11g0w9

Author
Behrens, Richard

Publication Date
1975-11-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7v11g0w9
https://escholarship.org
http://www.cdlib.org/

Uow o ou o 2 d U SR

LBL-3529
e

MOLECULAR BEAM KINETICS

Richard Behrens, Jr.
(Ph. D. thesis)

November 1975

Prepared for the U, S. Energy Research and
Development Administration under Contract W-7405-ENG-48

- A

For Reference

.

Not to be taken-from: this room

\

“7

626¢-19dT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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MOLECULAR BEAM KINETICS
Richard Behrens, Jr.
Inorganic Materials Research Division, Lawrence Berkeley Laboratory

and Department of Chemistry; University of California,
Berkeley, California ‘

ABSTRACT

The design of a crossed molecular beamv"supermachine" for neutral-
neutral collisions is discussed. The uni?efsal electron bombardment
ioniier, mass filter, and ion detection»system of the deteétor, thé
supersonic nozzle sources, the differential pumping #rrangement for
the sources and detector, the time—éf—flight detectiqﬁ of scattered
pfoducts, and the overall configuration of the apparatus ére described.

The elastic scattering of two systems; CH4 + Ar and NH3 + Ar,
have been measured using the suéermachine with two supersonic nozzle
sources. The rainbow structure and the interference oscillations
are seen in each system. The best fit to the data was found using
a Morse-Spline-Van der Waals (MSV) potential. The three potential
parameters €, T and B were found to be 2..‘20(’—‘.04)&10_14 ergs,
3.82(*.04)A, and 7.05¢.20 for CH

4

3.93(.05)A, and 8.45%.30 for NH, + Ar.

A new phenomena in crossed molecular beams of condensation of a

+ Ar, and 2.21(+.04)x1071% ergs

molecule on a cluster to form a complex was observed. A bromine

37X

The value of ¥ for measurements in these experimehts ranges from 7

molecule condensed on clusters of chlorine (Clz)X and ammonia (NH.) .

to 40 for chlorine clusters and from 10 to 70 for ammonia clusters.
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Angular and time-of-flight distributions are presented for detected

. . X . + +
ions ranging in size from BrCl to Br2C110 for the Br2 + (Clz)x
+ +
NH + (¥H .
sys;em and from Br(NH3) to Br2( 3)5 for the Br2 ( 3)X system

When the Br2 forms a condensation complex with the cluster, the

complex either lives long enough to reach the detector or fragments.

with a very small recoil velocity. Products have not been observed

corresponding to the reaction of Br2 with Cl4.



I. INTRODUCTION

The'field of chemical kinetics to‘many'simply>entails the
determination of rate constants for a multifude of reactions. But
to the true kineticist the intefest'éxtends past the measurement of
reaction rates to the dynamics of the individual reactions themsélves.
The real interest lies in how the various chemical propertigs_of
different atoms or molecules wiil influence the dynamics of a particular
type of reaction. Since the first measurement of an angular distribution
inva crossed molecular beam experimént1 in 1955, a tremendous amount
of knowledge on the dynamics of chemical reactions has been learned

2,3 The early crossed molecular

from crdssed molecular beam experiments.
beam neutral-neutral scattering experiments have been primafily.
" confined to alkali reactions due_to‘the ease with which alkalis can
be detected by surfacé ionization techniques.

With the advent of.the glectronrbombardment molecular beam
detector4 and a very clever arrangement of sources and vacuum pumps,
the field.of crossed molecular beam chemical dynamics was extended

from alkali reactions to reactions encompassing most of the elements

in the periodic table. To perform the ultimate beam experiment,

A(n,v,J) + B(n' ,V',J') > c(@",v",IJ") + D("™, v'", J" ),

where the electronic, vibrational, and rotational state of each reactant
and product were known would require very intense beam sources and
an extremely long length of time. A more realistic approach to a

good crossed molecular beam experiment would have two well definéd



beams with narrow velocity distributions and have the ability:to deter—
mine the velqcity of the scattered products. Knowing these th
parameters along with the measured angular distribution as in more
primitive experiments permits a much more detailed'analysis of the
kiﬁematics of the reaction. The design considerations necessary to
build a beam machine capable of doing these experiments and the
description of the actual crossed beam apparatus, MBA-Kathy, is discussed
at length in Chapter II.

One of the first projects undertaken on the new ''supermachine"
was the study of elastic and inelastic scattering of the hydride

molecules, CH NH3, and HF, with Argon. Since the molecular beam

4°
"supermachines" have been able to produce high quality data on rare
gas-rare gas intermolecular potentials from elastic scattering and
good quality data on diatomic~rare gas systems such as NZ’ OZ,HCl + Ar,
it seemed reasonable to study the elastic scattering of a slightly
more complex étom—molecule pair such as the‘hydride molecules. - The
hydride molecules with their 1argé rotational spacings also provide
good systems for the.study of -inelastic 'scattering by

utilizing time—bf—flight velocity analysis. However, due to the
necessity to move the molecular beam apparatus from Berkeley only the

elastic scattering of CH4 and NH3 with Argon has been studied up to

the present time. The results from these experiments are presented

in Chapter III.
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‘ Typiqally_créssed molecular beam experiments,have elucidated
the mechanisms of bimdlécuiar reactions. Recently, Lee et a1.® have
formed a cﬁmplex'wiﬁh a fluorine atom and various.olefin molecules
and Qbserved the unimoleéular'décay. Now that it is bossible to
form many intefesting types of Van.dér Waals molécules,7 it is
feasible tq studyvtermoiecular reaction kinetics in crossed molecular

beams by looking at reactions such as particle growth initiation

Cl + Ar ,

ArHC1 + NH, > NH,

3

or -atomic recombination
ArCl + C1 -~ Cl2 + Ar .

During the course of these studies on Van der Waals molecules King,
Dixon, and Herschbach8 published their results on the facile six-

centered reaction

Br, + Cl

2 4 -+ 2BrCl + Cl2

where Cl4

‘is the Van der Waals molecule.. In trying to reproduce‘the
experimental results of this reaction, a new complex was formed by

the condensation of Br, on heavy chlorine clusters ((C12)X where ¥

2 .o
has a range of approkimately 10 to 25). This condensation phenomena
is described in Chapter IV along with possible fﬁture‘experiments
with these clusters. |

These two experimental gtudies are only a small fraction of the
largé number of studies that this molecuiar beam apparatus was designed
to perform.v They are in a way two éxperiments that deomonstrate thé

potential of this apparatus for doing many more interesting molecular

beam experiments. -
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II. APPARATUS AND EXPERIMENTAL CONSIDERATIONS

A. Introduction and Design Criteria

For the past twenty years beam machines have had ﬁany different
cbﬁfigurations for studying elastic, inelastic, or reactive scattering
én a lérge range of chemical systems.‘ Early neutral beam studies were
mainly concerned with the chemistry of the alkali metals since they can
be detected with up to 100% effiéiency using surface ionization techniques.
Of course the limitation with surface ionization detection is that it can
‘only.be used for chemical systems involving the alkali metals and a few
other metals with low ionization pbtentials. During the last 10 years a
universal detector hés been developea which has extended cfossed molecular -
beém experimentation to chemical systems encompassing many more regions of
the periodicvtable. | |

The main goal for the design of this "supermachine" was to make it as
.versatile as possible for étudying either elastic, inelastic, or reactive
scattering and to be able to study thé widest range éf chemicél'species as
possible,. In ordér for this goal to be attained there are several basic
properties which.the épparatus must possess. First; the machine must uti~
lize a universal detector which wiil be able to detect'aﬁy type af atom or
mol;culé. Second, the detector must be.éble to scan as large an angular
range as possible in the plane of the beams. Thifd, the beam sources
should be as interchangeable as possiblg since for some experiments mono-
energetic well collimated gas sources are needed, whereas, for others ei-
' thgr a high temperature or discharge sources afe needed. Fourth, the vac-

uum chambers must be made of a material that is strong enough to maintain



the geometric alignment of the beam and detector and is resistant to
corrosion since many of the experiments will use corrosive chémiéals.
Fifth, the detector must be as sensitive toward -scattered signal as possi-
ble. Last, the velocity of the beams and scattered species should be able
to be determined. With the above criteria and the cognition of the fact
that someone must be able to run this apparatus, the machine was designed.

In order to see where the emphasis should be placed for the most
efficient designvof the apparatus, it is necessary to.look at how iﬁtense
a signal can be expected for a given cross section.  This signal must then
be compared to various size background signals in order to determine what
the background signal must be in order to see a signal after cqunting for
a reasonable length of time.

For the purposes of this calculation, it is assumed tﬁat there are
two beams of particles intersecting at 90° with fluxes Ilo and 120, cross
sectional areas of Ai and A2 and beam widths wl and\ﬁz\respectively. The
number of particles scattered out of beam 2 (N).is. |

M= AT <Y W
where n. is the number density of beam 1 and Q is.the scattefing cross
section which is typically angle dependent but for this case is considered
angle independent. For qlu&Q <? 1 the number of particles scattered ouﬁ
of the beam is given by

N=AI,,nwAQ (2)

The number of particles scattered into a solid angle § per second (S),

H

assuming an isotropic distribution, is then

S A nlle Q/4m _ . (3)

= Iy 4y
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S o B QUY/4T i (4)
1

= 12
where V is the volume of the collision,zone défine by the intersection of
the two beams.

- Particles which pass through the collision zone but are not scattered
will make up -the background for this'calculation,Jaltﬁough, in practice a
beam catcher can be used to pump a large portion of these particles out of
the system béfore they can contribute to thé background. 1In particular
experiments, usually involving gases which constitute arlarge fraction of
" the atmosphere, there are bther sources of backgroun&‘but they will not be
considered here. The background will be determined_by'the number density
at the detector. To a large extent this background will determine the con-
figuratioh and the pumping reqﬁirements of the apparatus.

To get a rough idea of what the signal will be, a beam and detector
gedmetry will be assumed and the signal calculated fof various beam fluxes
énd cross sections given in Table II-1l. The assumptions made for the cal-
éulations in Table II-1 are as follows: the collision zone volume is
.015 cm3; the signal is scattered isotropically and the detector subtends
an angle of 1° by 1° or 9.69><v10_4 steradians; the particles are detected
15 ém from the collision zone; aﬁd the velocity of feactants and scattered
products is 4 X lO4 cm/sec.

Since this apparatus will utilize.a "universal detector", an electrén
: bombafdment iénizer is used which is a number density detector. Therefore,
in designing the geomefrical configuration and pumping requirements of the

apparatus the scattered signal number density and the background number



Tatle II-1. Detector Signal & Background
Beam 1 Beam 2 Cross Scattered Scattered
Intensity Intensity Section Products Number Density
Molecules Molecules Molecules /Molecules
2 ) 2 °2
cm -sec cm -sec A sec = /.
1xiot? 1x10%° 1 3.63 x 10" 4.16
l><10:L6 l><1016 1 3.63x lO6 4. 16><102
lxl()]'7 l><1017 1 3.63 % 108 4.16X104
1x1018 1x10%8 1 3.63 x10%° 4.16x10°
1><1019 lxlO:|~9 1l 3.63 % 1012 4, 16X108
1x10%° 1x10%0 1 3.63 x 1014 4.16x101°



density at detector must be compared. If the sohfces are two supersonic
nozzle sources, beam intensities listed in row 4 of Table II-1.give a
conservative estimate .of what the total number of scattered products should
be, For sake pf comparison, if the béam with intensiﬁies listed in Row
4 were pﬁt into a chamber with a 5000 1/sec. puﬁp the background number
densitj at the detector would be approximately 2.5 X 1010 molecﬁles/cmB.
This number is nearly 4 orders of magnitude larger than the scgttered pro-
duct number demsity. This simple calculation illustrétes the point that
the deteétqr must be isolated from the collision éhamber and sources of
background gas.

Before proceeding to the detailed description of the coﬁfiguration
of the apparatus, statistical noise, the main contributor to noise in most
molecular beam expériments, should be mentioned. Using a universal elec-
tron Bombardmeﬁt detector will at best give an ionizationvefficiency of
0.1%. Looking at Table 4, it is apparent that at times the count rate
could be severalihundred counts per se;ond but coupled with a time of flight
system could be less than a few coumté per secbnd. ‘At these low count rates
the predominent source of noise will be the statistical vériation in the
number of counts.1 In order to measure the backgroqnd'signal, one of the
beams is modulated with a chopping wheel. The scattefed sighal can be ob-
tained by measuring the signal with both beams on and then with one beam
on and thenbsubtracting ;he counts in the background channel from the counts
in the signal plus background channel. If tﬁe countébper second of signal

"plus background is S and of background is B then in time t the noise N is

N=\/St+2Btv (5)
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The signal to noise ratio (R) as a function of t is
St

RJG + By - (6)

or the counting time required !for a given signal to noise ratio is

2
¢ = R (S+§B) , 7

S
If S>B then t scales as 5™ and 1f S<<B then t scales as S 2. To achieve
short count times S and S/B should be as large as possible.

A large signal and signal to background ratio requires the use of
intense beams, beam modulation, a good resolution mass filter to eliminate
all background ions except the one of interest, a high efficiency detecter
system, and extensive differential pumping.

| Since the development of the universal detector over 10 years ago and
through thé development of new and better pumping techniques to obtain an
ultra high vacuum, several groups have undertaken the‘construction of a
molecular beam "superméchine". The basic criteria have been ocutlined here
~and further explanation can be found by Lee, et al.1 The criteria for con-
struction of the various machines are the same but the method of ﬁeeting
them vary. | |

Several of the machines, including this one, are of similar design.
The initial design by Lee, et al.l has been used by Gricev2 and us with
various modifications. The design essentially consists of two étationary
sources with differential pumping and rotating 1id from which are suspended
three differentially pumped chambers which houge various parts of the
detecter. Both source chambers and detecter chamberg are housed in a large
collisioh chamber which is pumped by 0il diffusion pumps and cryogenic

liquid nitrogen surfaces. The detecter chambers are pumped by ion pumps,



titanium sublimation pumps and a liquid helium pump. An apparatus of
somewhat similar design by McFadden ét al.3 utiliées the same general con-
figuration 5ut extensive liquid helium pumping is used to trap each of ﬁhe
beams. One of the earlier "supefmachine" designs is by Bickes and
Bernstein.4 Their design utiiizes a round scattering chamber which contains
the oven; a differentially pumped nozzle source.and é detecter chamber
| pumped by a 4 inch liquid nitrogen baffled diffusion pump. They also use
‘dual beam modulation and detect the scattered signal at the beét frequehcy.
Their detecter utilizes the typical Paul mass filter but unlike the machines
previously mentioned it utilizes the Weiss5 type ionizer father than the
Brink6 design; o

Another configuration used by two other molecular beam g;oups (Blais
vahd Cfoss7’8 and Grosser and Haberlandg) has the detecter in a stationary
‘position and the beams moving around the collision zone. Machines of this
type usually have reduced pumping speeds for gases that are not condensable
and thereforé are not as versatile as the previously mentioned machines.
Both of these machines employ the Weiss type ionizer. Blais and Cross
utilize a dual Béam modulation technique. Grosser and Haberland have ob-
served both in plane and out of plane scattering.

An apparatus for studying the D + H2 ?eaction has been constructed by

10 Their apparatus is constructed with the usual

vGeddes, Krause, and Fite.
differential pumping idea but with extensive use of liquid helium pumping
to trap_the hydrogen. Their appatatus also measures a velocity distribu-~

tion using a phase detection technique. Geddesll has also used a similar

apparatus to study the 0 + C82 reaction.
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Even with these many machines now operationél the new chemical systems
that have been studied is relatively small which tends to accentuate the
fact that molecular beam experiments are still extremely diffucult eveﬁ
with the advances of modern technology.

B. Vacuum Chamber Configuration

The vacuum chambers have—beén designed to utilize extensive differential
pumping. The different vacuum chambers can be divided into three categories -
the source chambers and collimation chambers which define the geometry of the
parent beams, the main chamber where the collision between the two beams
takes place, and the detector chamber which housés the»various detector parts.
The geometrical configuration is simply two beams crossing at an angle of
90° and th; detector rotating about the collision zone in thé plane defined
by the beams. This is the best general arrangement for most experiments
although for certain experiments it is better to have ﬁhe detector rotate
in a plane perpendicular to one of the beams.9 The vacuuﬁ chambers were de-
signed so the beams and detector could be as close as possible to the colli~
sioﬁ zone without sacrificing pumping speed or angular resolution. One of
the main criteria in the design of the vacuum chambers was that the pumping
speed be as large as possible for as many'differeht_parent species as
possible., The last, and most difficult, problem was designing the pafts
with extremely close tolerances so as to have the bééms and detector posi-

tioned accurately enough so as not to vary the relative geometry by more

than .002 or .003 of an inch.

1. Source Chambers and Collimation Chambers
Although the source and collimation chambers have been designed to

house various types of sources, thelr size and configuration were mainly
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chosen so intense hypersonic nozzle beams could be used. The main criteria
for the maximum intensity achievable from a nozzle.source (see nozzle sec-
tion of this chapter) is the speed that gas can bebpumped away from the
nozzle expansion region. To achiefe a high pumping speed for non-condensable
gages, the source chambers were designed'to be pumped by 20 inch diffusion
pumps. In order not to drastically reduce the puﬁping speed of a 20" dif-
fusion pump, the source chambers also had to have a diameter of 20 inches.
The source chémbers are constructed in twé pérts in order to facilitate
aligning and working on tHe SOurces.' One part, the inside source chamber,
is bolted directly onto the main chamber and extends‘into the main chamber
as shown in Figures 1I-1 and II-2. The inside source chambers slidg into _‘
the two side chamber parts in the main chamber in such a way as to align
the front face of these chambers wiﬁh'respect to each other and the detector.
The nozzle source assembly is attached to the rear of the front face of these
- chambers as shown in Fig. II-2. The beém chopper—beaﬁ‘flag assembly bolts
onto the front face of inside source chamber #1. Inside source chamber #2
has a beam flag assembly that Bolts onto its front face. Both chambers also
haVe an electrical feedthrough flange to bring power and signals in and out
of the collimation chambers. The sloping‘portion of the inside source cham-
ber near the lower front, shown in Fig. II-1, is necéssary to increase the
pumping speed between the volume downstream of the skimmer and upstream of
the.collimatidg slits and the NRC VHS 6 inch diffusion pumps.
v The secénd part of the source chamber, the outside source chamber, is
bolted on the top of a mobile stand so it can be rolled back and forth from
thé main chamber. This permits relatively easy access to the inside side

chamber. An illustration of the outside side chamber is shown in Fig. II-3.
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Figure II-1, Cross Sectional View of the Apparatus

Main chamber.

Collimation chamber #2.

Source chamber #2.

Detector chamber #l.

Detector chamber #2.-

Ionization chamber,

Nozzle source #2,

Beam source #1.

Rotating detector lid.

Gate valve drive rod.

Detector gate valve.

Liquid nitrogen cooling reservoirs.
Rotating ring.

Rotating 1id O-ring seal.

Kaydon KG350XPO 35 inch bearing.
Bearing retainer ring.

Tec-Ring seals #A-01926.

Ionizer

EAI Quad 250 quadrupole mass filter.
Quadrupole exit lenses.

EMI 9524S photomultiplier tube.
Pilot B plastic scintillator.
High voltage cathode.

Time of flight chopping wheel,

IMC time of flight motor.
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Figure II-1 ((cont'd).

26..

27.
28.
29.

30,

.Access port.

Detector chamber 1 entrance slit.
Detector chamber 2 entrance slit.
Ionization chamber entrance slit.

Cold shield.
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Figure II-2. Top Cross Sectional View of the Apparatus

Detection Chamber .
Detection Chamber -#2,
Ionization Chambér.

Collimation Chamber 1.

Collimation Chamber 2.

Source Chamber 1.
Source Chamber 2.
Detector Chamber 1 entrance slit.

Detector Chamber 2 entrance slit.

Ionization Chamber entrance slit.

Beam 1 Collimating élit.
Beam 2 Collimating slit.
Skimmers
Nozzles
Heating or cooling fluid tubes.
Gas iniet.

Beam ?iag 1.

Beam chopper.

Beam Flag 2.

Timé—of—flight Qheel.

Liduid nitrogén cooling.

Main Chamber.
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Qutside Source Chamber

/

Access

Flange Nozzie Adjustments

Electrical Terminal Strips

Feedthrough
Flange
cvce
10"
Diffusion
Pump

~——Mobile Stand

i

XBL 751-5444

Fig. II-3. Outside Source Chamber.
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The 24 inch diameter flange Solts into the main chamber through the inside
source chamber flange. An O-ring seal is made between the outside and:in-
side source chamber flanges. - The outside source chamber also has two 16 ' » E
inch flanges on opposite sides. One is for feedthroughs into the side
chamber and the other is for access to the chamber to make final connec-
tions befofe pump down. The feedthrough flange configuration is shown in
Fig. II-33. The chambers, although designed to use a Norton 20 inch dif-
fusion pump, are now being operated with CVC 10" diffusion pumps which are
bolted to the underneath side of the mobile stand. The two source chamber
diffusion pumps are filled with Dow Corning 704 Silicon pump®oils The
source chamber 1 diffusion pump is backed by the mechanical pumping combi- i
nation of a Kinney KMB-230 Boostivac blower and a KDH-65 single stage mech- é
anical pump. The source chamber 2 diffusion pump is backed by a Kinney KDH-
80 mechanical pump. The pumping systems and intefldcks for the side chambers
are shown in block diagrams in Figse. II-5 and II-7. A detailed wiring sche-
matic can be found on LBL blueprint #8S3175.12 Spécific wiringvconnections
for terminal strips in each side chamber can be found in Appendix II-3.
The other chambers used in forming the beams are the two collimatioﬁ
chambers shown in Figs. II-1 and II-2. The collimation chamber is present
for the sole purpose of differential pumping. In other words, if an atom -
or molecule passes thfough the skimmer hole from the source chamber into
the collimation chamber and doesn't pass through the collimating slits and
on through the collision zone, then it will get pumped out of the system
through the collimation chamber diffusion pump before it can effuse through

the collimation slits and into the main chamber. This reduces the number
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Figure II-9. Block Diagram 5

Ultkek 150 1/sec Differential Ion Pump and Titanium Sublimation Pump.
Veeco 225 1/sec Mag~Ion Pump and E-Beam Titanium Sublimator Pump.
Veeco 100 1/sec Noble Gas Pump.

Janis Liquid Helium Pump.

10 liter liquid notrogen dewars.

IMC Motor.
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of background molecules in the main collision chamber and :ltimately the
number of background molecules that can reach the detector. The two colli-
mation chambers are both in one unit which must be the first chamber in-
stalled in the apparatus. Each collimation chamber is pumped by a NRC VHS-6
6 inch diffusion pump filled with a loﬁ vaﬁor pressure silicon diffusion
pump oil (Dow Corning 705) and backed by a Kinney KC-15 two stage mechénical
pump. A bioék diagram of the pumping #nd.incerlqck system is shown iﬁ Fig.
I1-6 and the detailed wiring schematic is in LBL‘biueprint #8s3175.

Two final poin;s should be mentioned about the collimation chamber.
First, the two cylindrical cutouts in‘eacﬁ chamber are for the time-of-
flight chopping wheel clearance., Second,ithere are two interchangeable sets
of collimating slits which can be used. The exact dimensions and positions
of the collimating slits will be given in another section. The collimating
slits are put in place from the main chamber side of the collimation-chaﬁ—
ber. This makes alignment of the coilimating slits quite simple (described
in the apparatus alignment section of this chapter), The slits now made
are sets of double collimation slits and collimation slits tﬁat can be heat;
ed bﬁf stililinstalled froﬁ the main'chaﬁber side of the‘collimation chamber.
(See Appendix II—llfor appropriate bluepripts of the slits.).

2. Main Chamber Design

The main chaﬁber of this molecular beam épparatqé serves two purposes.
First, it is the chambér in which the collisi;n bétween the two beamé takes
place and second, and most important, it méintains the relative positions
between the two sources andAthe detector. Since the collision zone is only
about 0.2 cm wide, the main chamber must be able to maintain strict tole-

rances (.00l inch) between the source chambers and the detector chamber.



The size of ;he main chamber was indirectly determineq by the size of the
source chamber diffusion pumps, which were to be 20 inches in diameter,
and the size of the rogating detector lid.-'The lid diameter was ultimate-
ly determined by the diameter of an obtainable bearing which in this case
was 35 inches. The approximate dimensions of the vacuum chamber in order
. to accommodate these two items is 132 cm iong, 130 cm wide, and 84 cm high.

In order to conétruct a vacuum chamber this size and still maintain
its critical dimensions, the chamber was constructed from 304L stainless
steel. Stainless steel was used instead of aluminum for two reasons: one,
the stainless steel chamber can be made frém thinner walls than aluminum
since its stréngth and density are greater than aluminum; two; stainless
steel can provide an ultimately cleaner vacuum system. The main chamber
walls are 1 1/2 inch thick 304L stainless steel. -Ihis'thickness is suffi-
cient to maintain the fequiréd tolerances on all but the top (rotating de-
tector) side of the vacuum chamber (see Fig. Ii—l). Due to the large open-
ing necessary for the rotating 1lid and not wanting to make the top side
out of an exceésively thick plate of stainless steel, the chamber was con-
structed with three 1" x 3" strongbacks which skirt the outéide of the ré*.
tating 1lid hole. Each strongback éuns from one side wall to an adjacent
side wall and is intermittently welded to the top 1.1/2 inch plate. The
wall for the rotating ring assembly was made from a cast stainless steel
ring and welded into the top plate. A detailed drawing of the main cham-
ber may be found on LBL drawing #12N4126.

The main access to the apparatus is through one removable side flange.
The bottom side has 5.port holes for diffusion pumps, 4 of which are now

being used. Two holes pass through the bottom wall to pump the collimation
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chambers when the apparatus is aésembled, as‘shown in Fig. II-1. The
other two diffusion pumps pump the main chamber itself. The main chamber
pumps are a CVC-6 6 inch diffuéion pump and a CVC-10C 10 inch diffusion.
Both pumps are liquid nitrogen baffled. Ihe 6 inch pump is baffled with a
NRC 0326-6 liquid ﬁitrogen long life trap and the 10" pump with a CVC
BCN-101B liquid nitfogen baffle. Both diffusion pumps are backed by one
15 cfm Kinney KC-15 mechanical pump. The main chamber diffusion pumps are
operated with Dow Corning 705 diffusion pump fluid. The pump system and
associated electronics are shown in Fig. II-8. A diagram of the relative
positions and orientation of the diffusion pumps is given in Appendix II-3.
The most critical part of the main chamber design is the rotating
seal which allows the 35 inch detector chamber lid fo rotate and still
maintain a pressure in the main chamber of 1 X lO-_7 torr. An overall
assembly of the rotating seal and detector 1id is shown in Fig. II-1 and
a detailed cross séction of the bearing, rotating ring, and O-ring are
- shown in Fig. II-10. The bearing‘used to support. the rotating lid must
be able to easily support the 15,000 lbs. of force which is exerted on the

lid when the vacuum chamber is pumped out. The bearing used for this pur-

y.13

pose is a Kaydon Reali-Slim type X ball bearing (Beafing Number KG350XPO
The radial vacuum seal is made between the outer wall of the O-ring grooves
in the main chamber and the outer radial surface of the rotating ring. Using
a rotating ring for a sealing surface, rather than the outer radial surface
of the rotating lid itself, facilitates the installation of sealing rings

and removal of the rotating 1id. The sealing rings are two special Tec-

Rings made by the Tec Seal Corporation14 (Seal #A01926). The Tec-Ring has
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‘a carbon inpregnated teflon sheath with a U-shaped cross section surrounding
a coiled stéinless steel expander spring which exerts a radial force that
keeps the teflon sheath against the séaling surface as shown in Fig. Ii—lO;
It is necessary to use these teflon O-rings in o;def to reduce the turning
friction of the séal. Ihe rotating ring has an O-ring groove to accomodate
an undersize rubber O-ring which keeps dirt and dﬁst from getting into the
Tec-Ring Seais.. Tﬁe main chamber rotating ring sealiﬁg area contains a
smaller groove between the two Tec-Ring grooves. This groove is connected
to the part of the vacuum system pumped by the main chamber mechanical pump.
The pressure between the Tec~Rings is less than 0.1 torr so that any leak
in either O-ring will only produce a minute leak into the main vacuum cham-
ber. At present there is no measurable rise in pressure in the main ghamber
when the 1id is rotated. The following is a list of thg specifications for
the Tec-Rings: |

Glénd Dimensions:

34,993 inches

" Inner Diameter

Outer Diameter 35.469 inches

"W'" Dimension 0.238 inches -

"D" Dimension 0.375 inches

Since many experiments are run with condensable gases the main vacuum
chamber contains a liquid nitrogen cooled nickel plated copper cold shield.
The cold shield is made of 3/16" thick OFHC copper plates and is supported
from the bottom of the main chamber by three needle point stainless steel

screws to reduce heat conductivity. The shield is cooled by two U-shaped

flattened copper pipe manifolds which are silver soldered onto the copper
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cold shield plates. A cross section of part of the éold shield is shown

in Fig. II-1 and a detailed drawing is shown on blueprint 12N4136. The
liquid nitrogen reservoir for the cold shield is a Linde CR-17 gravity feed
dewar located outside of the main chamber on a special feedthru shown in
blueprint 12N4633.

Besides>providing pumping for condensable gases the cold shield is de-~
signed to pfovide differential pumping by acting as a beém ca;cher. The
cold shield haé been designed with édpper lips which extend from the cold
shield to within 1/32 of an inch of the main chamber walls, thus, in effect,
providing a separate chamber within the main chamber. There is a 10 inch
héle in the bottom of the cold shield positioned over.the CVC 10 inch dif—
fusion pump.  This diffusion pump fumps gas out of the main volume of the
main. chamber. The 6 inch CVC diffusion pump used to pump the main chamber
is covered by the bot;om plate of‘the cold shield and only pumps the volume
contained between the outer wall of the cold shieldand the inside wall of
the main chamber. In the wall of the cold shield bpposite each beam, there
is a hole into which fits a stainless steel béam deflector. The beam de-
flector is simply a flange contaiﬁing a hole which is the approximate size

éf the beam at the cold shield wall with a highly polished stainless steel
wedge behind it to deflect ﬁolgcules from the beam to behind the cold shield.
These molecules are then more likely to be pumped out fhfough the 6 inch

"diffusion pump than return to the main volume of the chamber.

3. Detection & Ionization Chamber

The detector and the vacuum chambers which house it are probably the

most important parts of this apparatus. As shown in Section II-A, the
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ability to see interaction with small cross éections depends on the total
amount of scattered signal and the ratio of scattefed‘signal to background
signal. Both of these quantities can.be maximized by the design of the
detector itself and the latter can be maximized by a well designed vacuum
and vacuum chamber system. Therefore, the detection chambers are designed
to make maximum use of differential pumping.

The detection chamber sysiem Consists of three sefarately pumped
vacuum chambers as shown in Fig. II-1. The detector parts (the ioﬁizer,
quadrupole mass filter, and e#it lenses) are in a linear configuration
which rotates about the collision zone in the blane defined by the two
parent Beams. Figure II-2 shows that there are three walls between the
collision zone in the main chamber and the detector ionizer in the third
chamber which 1s called the ionization chamber. Each wall contains an open-
ing whose size depends on the particular angular resolution chosen. A de-
tailed description of the slit dimensions is given in the alignment section
of this chapter. The purpose of having three openings before the detector
is to provide that the only atoms or molecules that'wiil enter directly .
into the ionizer from the main chamber must have come from the collision
zone and have been scattered at the angle for which the detector is set.
The only othef background molecules coming from the main chamber would have
to be traveling in the difection'of the narrow angle subtended by the ioni-
zer slit. Backgiound molecules, of course,‘can still enter Ehe ionization
chamber from detection chamber 2 but with sufficient pumping on each of the
detector chambers this contribution is significantly reduced.

Another feature of this linear detector énd detector chamber arrangement

is its "fly-through" feature. Since an electron-bombardment ionizer, which
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is only 0.17% effiéient, is used in this apparatus most of the scattered
- product will not be ionized the first time it flies through the ionizer.

To prevént this scattered product that is not ionized from building up in
the region of the ionizer and contxibuting to the béckground, theré is a
hole in the back wall of the ionization chamber which permité any scattered
atom or molecule that is not'ionized to pass right through the ionization
chamber and back into detector chamber #2. With sufficient pumping in
chamber #2, only a smali amount of the scattered product should reenter

the ionization chamber.

In order to reduce the background of various types of scattered products

three -different kinds of pumps are used, plus liquid nitrogen cooling of

the detector walls. Detector chaﬁber #1 is pumped by an Ultek 150 liter/sec
.differential ion pump and a heated filament titanium sublimator pump with

a liquid nitrogen cooled Cyro-shroud (Ultek #210—7020). Detector chamber #2
is pumped by a Veeco 225 liter/sec Mag-Ion pump (MI251) and an electron
beam heated titanium sublimator (VeecoFH-270) with é liquid nitrogen cooled
Cryo-shroud (Véeco SC~261). The ionization.chamber is pumped by a Veeco 100
liter/sec noble gas ion pump (Veeco #PN-201) and a Janis 6 inch liquid helium
pgmp (Janis No. 6CP). To further increase the pumping speed for condensable
species the walls of all three detector chambers are liquid nitrogen cooled.
A schematic diagram of the detector chambers and assOciéted electronics is
shown in Fig. IIf9.

A cross section of the detector rotating lid and the ionization

.chamber is shown in Fig. II-1. The rotating detector chamber is supported
by a 2 3/8 inch thick 304L stainless steel plate. This plate keeps the

deflection of the 1id after pump down to less than .00l inch. Detector
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chambers 1 and 2 are suspended from this circular plate.‘ The ionization
chamber is a separate chamber thét can be inserted through a hole in the
rotating lid and down into detection chamber #2. The seal between the
rotating lid and the ioniéation chamber and all éeals to the detector
chambers are cppper_gaskets.between two Hall flanges. 1In order to form
better weld joints all the vertical walls of the detector chambers are
welded to a 3/16 thick stainless steel plate which in turn is welded to
the 2 3/8 inch stainless steel plate. This 3/16 inch plate is suspended
by a tube from each hole in the 1id that goes into a detector chamber -
- which is seven tubes. The platé is also supported éround its perimeter
with small tab¢ welded between the 2 3/8 and 3/l6iplates. The seven tubes
were attached to the 2 3/8 plate by welding the end of the tube to a lip
bored into each hole of the 2 3/8 inch plate.

Both detectdr chambers 1 and 2 are partially enclosed by a double
wall jacket which holds'liquid nitrogen. This keeps the entire chamber at
liquid nitrogen temperature wﬁile an experiment is in progress. The walls
that have liquid nitrogen cooling are shown in Figs. II-1 and II-2. A
detailed drawing of this part can be found in blueprint # 12N4146.

Since lérge ion pumps are being used only the one on the ionization
chamber is located directly over the chamber it is pumping. In order to
connect detection chambers 1 and 2 to their respective ion pumps, the vol-
ume shown in Fig. II-1 that connects the two chambers is. divided inté two
parts as shown by the dotted lines in Fig. II-29. The cénductance of each
of these volumes is sufficiently High so as not to drastically reduce the

pumping speed of the ion pumps.
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Detector chamber #1 has a 1 1/2 inch ﬁigh vacuun flange immediately
above it to provide access to this region which waé needed for detector
alignment. It also can accommodate a titaniumsublimaforpump to increase
the pumpipg speed of detector chamber 1. Detector chamber 2 contains the
two electrical feedthrough flanges. One is a 26 pin Ultek feedthru, and
the other contains 3 high voltage feedtﬁroughs for the quadrupole mass
filter and an exit lens. The rear and bottom_sideskof detector chamber 2
each have a 5 inch ultra high vacuum flénge seal. The rear flange mates
to the exit lens - sciﬁtillatpr housing assembly and the bottom flange
facilitates detectbr assembly.

The ionization chamber as mentioned before is removable from the'dé;
tecto; chamber 1id. This chamber is also double walled and liquid nitrogen -
cooled. The ionization chamber is shown in Fig. II-1 and in detail in
blueprint #12N4724. The lower portion of the ionization chamber which
‘houses_thé ionizer is constructed from a solid piece of OFHC copper which
was silver soldered onto the double walled stainless steel part. ‘The
copper was silyer soldered to the rest bf the chamber before the final -

. machining so as to obtain precise alignment between the ultra high vacuum
flange and the opening in the copper. After final machining the copper
.portion was nickel plated. The rear opening in the copper piece is 2.001
~ inches by 4.126 inches. The ionizer plate on which‘thevionizer ané the
,guadrupole are mounted is locgted in the correct position by these two

. dimensions. All of ‘the collimating slits in the detector chamber are

mounted in a similar manner.



-38-

The reason for machihing larger precision holes in the detector
chambers is twofold. First, since the detector chambers are all liquid
nitrogen cooled it is difficult to accurately predict‘how far each chamber
will move when'itvis cooled. Although the chambers should conttract approxi-
. mately .05 inch, it is difficult to calculate exactly; especially for de-
tection chambers.l and 2 because the length of liquid nitfogen cooling is
not equal on all the walls. To solve this problem larger holes than
necessary were made and measurements were taken to find out exactly how
far each hole moved when the parts were cooled down to liquid nitrogen
temperature. These measufements and also the size of thé locating surfaces
of the holes are listed in the alignment section of this chapter. The se-
cond reason for making the detector openings in this fashion is that it
allows the angular resolution of the detector to be varied so as to accom-
modate the needs of a particular experiment. This has not been done to
dape since it requires the shut down and disassembly of the detector. This:
is not as prohibitive as it sounds since all the detector parts will auto-
matically realign themselves when they are reassembled.

The detector chamber is also equipped with a gafe valve which allows
the detector to be shut off from the rest of the system enabling the detec~
tor to remain under vacuum while the rest of the apparatus is vented to
atmosphere to be worked on. The gate valve and counter assembly are described
in Appendix 3. The gate valvé has one rectangular hole in it which is the
beam défining entrance slit for looking at scattered signal and one smaller
.003 inch diameter hole in it which is used for looking at the beams so as
to prevent the unnecessary build up at background in the detector and also

provide a narrow time of flight gate function. Both holes can be positioned
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to better ‘than .001 inch using the gear assembly aﬁd counter shown in
Fig. II-36. The elignment procedure is in the alignment section of this
chapter. The seal for the gate valve is made with a teflon Tec-Ring
(#CR-012-CS-OF) with a stainless steel expander. tThere is no rise in
detector chamber pressure when the rest of the apparatus is veeted.

To estimate the effectiveness of the detector differential pumping,
careful calculations must be made to estimate the total number of products
Scattered into the detector per second and the amount of background in the
ionization chamber. Since this calculation is deéendent on the parent
beam geometry, the detector slit geoﬁetry and the anguler resolution of
the detector, it is located in the section of this chapter on alignment.

~C. Beam and Detector Aperture Geometry and Alignment Procedures

This section will be divided into two parts. The first part will
cover the detailed calculations for the angular resolution of the parent

beams and the angular resolution of the detector. AlSo»included in this

part will be the effect of angular resolution on the number of particles’

scattered into the detector and the ratio of scattered signal to background

signal in the ionization chamber. Finally, the effect of slight misalign¥

- 'ments in,various apertures will be examined and maximum misalignment dimen-

sions will be tabulated. The second part of this section will discuss pro-

’

cedures for aligning the various parts of this molecular beam apparatus.

Alignment of the detector chamber, detector slits and detector parts will

be covered. Also the location of the center of rotation of the apparatus,
the alignment of oven and nozzle sources, and the alignment of the parent

beam collimating slits will be described.
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1. Beam and Detector Geometry

The present geometrical configuration of thevsources and detector are
shown in Fig; II-11 and an exaggérated slit diagram is shown in Fig. I1-12
in oxder to illustrate effects of misalignments.

The two criteria for determining the dimensibﬁs of the source slits
and the detector slits are to obtain an angular resolution that is sufficient
for an éxperiment and still get thé maximum scattered signal, and to make
the collision zone dimensions and the detector slit sizes such that there
is no viewing féctor.15 The viewing factor is simply the fraction of the
collision zone that the detector "sees'" at different angles. To avoid
having to correct for a viewing factor, the detector must be able to see
all products scattered from the entire collision zone at the particular
detector angle setting and within the angular resolution of the detector.
Of course, experiments can be run while having a viewing factor but a suit-

7,8,15 The angular

able experimental correction factor must be obtained.
resolution (Res) is defined here in laboratory coordinates as the sum of
the two angles which represent the most deviant angle of scattered product

from the collision zone when the detector is perpendicular to the widest

part of the collision zone. This is shown as GR and SL in Fig. 12. The

: W
.widest part of the collision zone occurs at the angle ¢ = arctan-W%—. So
the resolution of the apparatus is
" Res = GR + GL (8)

To obtain a realistic expression for the resolution, slit misalignment is
included by specifying the actual slit width and the distance from the true
beam axis to one side of each slit as shown in Fig. I1I-12. When a mis-

alignment of either beam causes the colision zone to move closer to the
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detector the resolution will get larger. Using the dimensions listed for

Figs. II-11 and II-12, the resolution is given by

Res = arctan L+ W3 ) + arctan __liﬁijfEE__
¢ dl + d2 -C ‘ d1 + d2 - C (9)
where -
_ [ '
2 2 Wl Wo- W
L =WW._+ (W' -WwW')" cos |arctan —= - arctan{ 1 1L (10)
2R 1 1L 'y R
L 2 Wor /.

2 1 o [ ' w' -wl\] -
=‘/wl'L'+ o, - wz'R)2 cos |arctan %2 - arctan| 2 2R} an
Wi ' ' ]

c =JwiL o (W, - 'wz'R)z - &? | (12)
These three variables just specify the position of thé center of the
misaligned collision zone from the perfectly aligned collision zone.

Now the dimensions of the umbra (wlL’ wl"WZR’ wz) and the penumbra
(W£L, Wi, WéR, wé) of the parent beams must be calculated for the various
slit dimensions given in Figs., II-11 and II-12. Tﬁe widths of the colli-
-sion zone are given at the point where each beam passesbthrough‘tﬁe center
of the collision zone. Where there are circular slits rather than rectan-
gular slité the dimension spé;ified is the diameter of the circular oriface.
This will npt effect the location of the umbra and penumbra but only the
intensity distribution betweén them. Thé following are the expressions for

the collision zone beam widths and misalignment dimensions in terms of the

slit dimensions:
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The last two slit dimensions which must be found are tbe slit dimen-
sions for detector chambers 1 and 2. Remembering that the detector chamber
entrance sliﬁ must be large enough to prevént having a viewing'factor given
reasonable tolerances for slit misalignments. The detector chamber 1 slit

width is
W, =W,, +W (21)

where

L= Wy,
Wip =Wyt dy d ¥4, -C | (22)
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: ' R - W3 + W3L
Wig = (W3 =Wy +d, I +d, - ¢ (23)

With the above equations.to describe the geometrical configuration
of the parent beams and detector, the collision zone dimensions, the reso-
lution of thé apparatus, and size of the detector slits can be calculated
for various parent beam slit dimensions. The effect of slit misalignment
can also be caiculated to find out the maximum deviation from pe;fect
alignment without haviﬁg a viewiqg factorf

Finally, a célculation, similér to the one made at the beginning of
- this chapter, is made to determine the amount of scattered signal and
signal to background in the ipnizatidn chamber for various detector reso-
lutions. The number of scattered product molecules that pass through the

ionization chamber is given by 9
' I,,n, QV W,

D 2
4n(dl + d2)

where 120 is the incident flux of beam 2, ny is the number density of beam
1 at the collision zone, Q is the cross section for the collision, V is the
volume of the collision zone given by W1 X W2 X wi where Wi is the smaller

are shown in Figs. II-11 and II-12. The

of W, or WZ, and W dL’ and d

1 3 2
background number density of the product being detected is calculated by
assuming that the background can come from two sources outside of the de-
tector chamber. The first source is the scattered prbduct from the colli-
'sion zone and the second.source is from backg;ound gas in the main chamber.
Onceba molecule gets into a particulér chamber it can get out in several

ways. If it is a scattered product it can fly directly through the chamber

and pass into the following chamber, if it.makes it through the second



Figures II-11 and II-12.

Name

I. Bean 1.
d11

d12

SiF

S1FL

IR

1RL

1I. Beam 2.

21

22

2F

2FR

2R

2RR
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Apparatus Dimensions

Dimension

COR to collimating slité'l.

Coilimating slits 1 to skimmer oriface.
Width of collimating slits 1.

Distance from érue center to left edge of
collimating slits 1.

Diameter of skimmer 1 oriface.

Distance from true center to left edge of
skimmer 1 oriface.

Width of beam 1 umbra at collision zone.
Distance from COR to left Side of umbra.

Width of beam 1 penumbra at collision zone.

Distance from COR to left side of penumbra.

COR to gollimating_slits 2.

Collimating slits 1 to skimmér oriface or oven
crucible slit. |

Width of collimating slité 2.

Distance from true center to right edge of
collimating slits 2.

Width of oven slits or diameter of skimmer oriface.
Distance from true center to the right edge of

oven slit or skimmer oriface.



00 wu4207034

45—

Figures II-11 and II-12. Apparatus Dimensions (Cont'd.)

Name - Dimension
W2 Width of beam 2 umbra at collision zone.
WZR Distance from COR to right side of umbra.
w; Width of beam 2 penumbra at collision zone.
wl : .
2R Distance from COR to right side of penumbra.

II1I. Detec;or

d1 _ - COR to detector chamber 1 entrance slit.

d2 Detector chamber 1 entrance slit to ionization

chamber entrance slit.

12 Detector chamber 1 entraﬁce slit to detector

chamber 2 entrance sliﬁ;

Wl' ' . Width of detector chamber 1 entrance slit.

wlL Distance from true center to left edge of detector
éhamber 1 slit.

Wz' Width-of detector chamber 2 entrance slit.

w3- Width of ionization chaﬁber entrance slit.

W3L » Distance from true ceﬁter to left edge of ioniza-

tion chamber entrance slit.
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detectof slit hole in that particular chamber. Once a mblecule becomes
background gas it may either effuse through one of the detectdr slits or

be pumped out of the system by the pumps on that particular chamber. The
equations used to. determine the number density in each detector chamber are
giveﬁ in Table II-2, Nl’ NZ’ and N3 are the number densities in detector
chambers 1 andv2 and the ionization qhambers respectively. Sl’ SZ’ and 53
are the pumping speeds for each of the detector chamﬁer and V is the average
velocity of the gas.

To find the optimum slit geometry, Focal language compufer programs
were writteq to run on the PDP-8 computer. Slit geometries were determined
that would give resolutions of 1.0, 1.5, and 2.0 degrees in laboratory
angle. For a given size collision zone the detector slit widths were calcu-
lated to give an.angular resolution.of 2.0 degrees. Once the detector slit
sizes were decided upon, the largest allowable source slit dimensions in
order to avoid.a viewing factor were determined by a method outlined by
C. A, Mims.16 Briefly, tﬁe caiculation proceeds as follows. The signal at
a given angle is the sum of the céntributions from each point in the colli-
sion zone. Provided that the detector resolution -in LAB angle is small
and the distribution of relative collision velocit& vectors throughout the
collision zone is the same, then the contribution to the signél from one
point in the collision zone is given by

ds(o) = A-I(e)‘ﬁl(T)-ﬁZ(T)-Q(T)-df : (25)
where ﬁi(i = 1,2) are the number demsity of reactant particles from beam i,
dT is the differential volume element, and 2(T) is the solid angle subtended

by the visible portion of the detector slits, A is the normalizing constant




detector Chamber Background Number Densities.

Table I11-2. Formula for

Chamber Formulaa
2 ) )
‘ S [w L(dy ¥ W,2 (dy+dy) ]
Detector 1 Nl= 4 . Wa« dl2 (d1 + d12)
' 2
5, + W,
4
nw,t T W2y + a2 m0,2(a; + 4,)° 2
1’2 ', 4 172 M1 + 1 W,
Z 3 Z z bad ]
Detector 2 N,= 4 Wq (d;+d,) 4(d +d +d4) |
' ﬁVD42
Sp * 16
| 1\12V<w32 + Tr_l)_li) 1, - W"Id 34 Kdﬁdzg
Detector 3 N, = 4 3 ( 1 2
\ 3 5
S, + >V (w 2, D,
3 3
\ 4

._.61-{_

a. V¥ and d dimension given in Figs. 11 and 12 except d, is the distance from the center of rotation
(COR) to the exit hole of the ion¢zation ‘chamber and D4 is the diameter of the ionization chamber

exit slit.
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independent of angle or position, and I(8) is the LAB angular differential
‘cross section. The signal at a particular LAB angle, is then given by

S(B) = A-I(9) ﬁl(T)-ﬁz(T)-Q(T)-dT (26)

I(8) can then be obtained by dividing the signal S(6) by A-V(8), where

V(e)_=.)(%l(r)-ﬁz(r)'9(r)-dr_ , ~ (27)

The method of evaluating this integral is described by Mims.16

The maximum slit widths for a resolution of 2.0 degrees and to avoid
having a viéwing_factor are listed in Table II-3.. The apparatus angular
weighing function, V(8), for several collimating siitvwidths is shown in
Fig., II-13 and for different misalignments of each beam is shown in Fig.
II-14. With the source slits set to give the largest collision zone with-
out a viewing factor, the maximum misalignment of each beam is given in
Table II-4.

The backgrouﬁd number densities in each detector.chamber for various
beam intensities, scattering cross sections, background pressures, and
slit gebmetries'are shown in Table 1155. This table also shows the signal
to noise ratio for various .counting times, different beam intensities, and
different scattéring cross sections. Of course, some of the number densities
seem low in the various detector chambers, but this is realistic if it is
remembered that many background masses can be discriminated against with thé
quadrupole mass filter. So if the particle being observed is not the same:
mass as a typical background particle (see Fig. II-20), then these numbers
are a realistic representation of the signal intensities that should be ob-

served in this apparatus. Since the angular distribution of scattered

particles has been assumed to be isotropic, the signals actually seen should
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IT-14. Apparatus angular wighting function, V(Q) for variods beam

misalignments with collimating slit width of 0.250 cm.
Numbers above each beam show the distance the beam is
misaligned for each curve. A misalignment of 0.025 cm
of either beam produces approximately the same wighting
function.
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Table II-3. Apparatus Slit Dimensions

Dimension Location

I. Detector

Detector Entrance Slit (Wl,dl)

.Detector Chamber 2 Slit (w2’d1+d12)

Ionization Chamber Entrance
Slit (W3,dl+d2)
Ionization’Chaﬁber Exit (DA’ d4)

Entrance to Focusing Lenses

Umbra subtended by Detector Entrance
Slit and Ionization Chamber

Entrance Slit at COR

Penumbra subtended by Detector Slits

II. Collision Zone

Maximum collision zone penumbra width
Beam 1
Beam 2

Penumbra widest dimension

Width or
Diameter
(cm)

0.380

0.358

0.300

0.350

0.398

0.600

0.2432
0.2432

0.3402

Height
(cm)

0.380

0.358

0.300

Distance
to COR
 (cm)

4.44

13.97

18.40

27.20

39.7
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Table II-3 (Cont'd)

Dimension Location

III. Beam le

Maximum skimmer Dia'.(is)

Maximum collimating Slit Width(SlF)
Collimating slit width forv2° res.
Operating skimmer Dia.(SlR)

Operating collimatiﬁg slits(SiF)

IVa. Beam 2 (Nozzle)

Maximum skimmer Dia.(SZR)
Maximum collimating Slit width(SZF)

Operating Skimmer Dia.

Operating Collimating Slits(SZF)

IVb. Beam 2 (High Temperature Oven)

Operating oven slit 1

- Maximum Collimating Slit for
oven slit 1

Operating oven slit 2

Width or
Diameter

(cm)

ilSOaD
.250
.207
.075D

.180
to
.240

.080%D

.250

.062D

.130
to
.240

0.025

0.2502

0.062

Height
(cm)

.320

.320

.320

0.625

0.320

0.625

Distance
to COR

(cm)

10.53
0.95
0.95

10.53

0.95

7.75

2,22
7.75

2.22

8.47

2,22

8.47
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Table II-3 (Cont'd)

Width or ~ Distance
Dimension Location ' Diameter Height to COR
(cm)
Maximum collimating slit for
oven slit 2 0.160 - 0.320 2,22
to
. 240

®Maximum allowable valve so as to avoid having a viewing factor for
given misalignment dimensions.

bCifcular orifaces are specified by a D.
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Table II-4. Maximum Beam Misalignment Dimensions

Maximum misalignment

Slits from perfect center

cm (inches)a
Beam 1 collimating 0.025 (.010)
Beam 1 skimmer | ~ 0.025 (.010)
Beam 2 collimating ‘ 0.025 (.blO)
Beam 2 skimmerror oven _ 0.025 v (.010)

%The location of the beam slit other than the one specified must be on
center or off in the same direction as the one indicated.




Table 11-5., Detector Background Conditions

‘ y b Main® Crcss . b Countiﬁg Signal
Coriiriona®  omeity  meemnity  reeeere CODTN et et e e ey meaed
y y y
HIGH PUMP 1x10%3 sx10t? 2x10”7 1.0 5.1x104 0% ex10° 9. 100 22
aot? sx1ot’ 220”7 10.0 s.1x10° p0®  13a0® 30’ 100 226
1x10%3 sx10t7 21077 0.1 5.1x10° 0® s.pa0 1. 100 7
1x10t3 sx10t? 207 1.0 5.1x10% 0’ s.x0* 100 100 22
1xa0t sx10t7 210 1.0 s.x10’ . 7x0” s.ex0* 390 100 n
Low PUMP 1x10"3 sx10t7 240 1.0 saxie® pao® s.exa0® st 100 1
' 1xzot? sx10t 2207 1.0 5.1x10% 107 s.8x10° 8.3x10° 100 19
1x10%3 sx10t 200”7 1.0 5.1x10" 0’ s.exa0® 8.3a03 10 6
a) The collision zone width is 0.243 cm, the detector slit widths for chambers 1, 2, and 3 are (.380, 0.357, and 0.300

»)’

c)
d)

. respectively, HIGH PUMP and LOW PUMP refer te the pumping speeds for each detection chamber which for HIGH PUMP

are 1000 1/s for chambers 1 and 2 and 150C 1/sec for chamber 3, and for LOW PUMP are 150 1/s, 225 1/s, and 100 1/sec
for chambers 1, 2, and 3 respectively.

Number densities in particles/cm3 and intensitiee in particles/cmzséc.

Torr

Tonization efficiency of 0.01%

_Lg_
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be better than those listed. Exceptionsvto this will arise. For example,.
if elastic or inelastic scattering is being observed the detected particle
will be the same mass as the parent particle so the background pressure
will be higher than in the reactivg scattering case. The situation is even
worse for narrow aﬁgle elastic scattering since at small angles the fringes
of the beams can get directly into aetector chamber #1. Fortunately, it is
often possible to measure this scattering since the cross section for this

type of scattering is large.

_2. Alignment Procedures
The first part of this section has described how the width of the

various slits were determined and also listed what ihe maximum allowable
slit sizes are, and what slit dimenéions are actually used . The following
section describes the practical aspects of how the slits are aligned in tﬁe
apparatus and how their width and location are determined. The alignment
procedures are divided into the following subsections:

A. Center of rotation (COR) determination.

B. Beam pléne location..

C. Detector chambef alignment.

D. Detector alignment.

E. Parent beam alignment.

/

A. Center of Rotation (COR) Location

All the alignment précedures forbthis apparatus depend upon having an
accurately located center of rotation (COR). The cénter of rotation in this
apparatus consists of‘a #38 nickel wire (~ .0035 inch diameter) attached to
a pair of metal slides which can move independently at right angles to one

another. The metal slides are attached near the COR on the bottom of the
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rotating detector lid. A lead weight is attached to fhe bottom of the
nickel wire to keep it taut. To position the wire on the center of rota-
tion would be easy if the detector 1id could swing 180°, but once the
collimation chambers are in place the detector 1id can only be rotated
approximately 120°. In order to locate the COR for this situation it is
necessary to use two optical cathetometers. The hickél wire may be posi-
tioned on the COR as follows: |
1. Set up the two cathetometers so there is an included angle
between them of about 90° and they can both sight onbthe COR wire
when the detector is in two different positions 90° apart.
2., Sight the two cathetometers on the COR wire:
3. Rotate the detector 1id 90° and estimate_how‘far the COR wire
has moved from the vertical cross hair of each cathétometer. The
diameter of the nickel wire may be used as an estimate of the COR
wire distance from the cathetometer cross hair.
4, To determine which direction to move the CCR wire draw a dia-
gram as shown in Fig. TII-15. The two axes represent the direction
of sighting on the COR wire with the detector in its initial position.
The detector is then rotated 90° (clockwise in- the figure) and thé
COR wire isiin a new position in each cathetom;ter. The distance
the wire has moved in each direction is'plotted on'the}figure. A
circle with an appropriate diameter is drawn so that 90° of its arc
in the direction the 1lid was rotated will conﬁectvthe old COR wire
location with the new location. The cenfer of‘this circle is the

true location of the COR.



COR Wire Location
A after 90° cw rotation

Catheto meter
)

—

Initial COR Wire
Location

|

Cathetometer
RPN

XBL 751-5463

Fig. II-15. Center of rotation location diagram.
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5. Move the two metal slides to try to position the COR wire on the

true COR.

6. Repeat steps 3, 4, and 5 until the detector can be rotated and

the COR wire does not move from the cathetometers vertical cross hair.

B. Beam Plane Location

The location of the beam plane for this apparé;us was extremely
critical in 6rder to obtain accurate measurements for the initial alignment.
To find the beam plane the rotating'detector lid was assembled and the
machine was leveled by placing a machine level on thé rotating lid and ad-
justing the legs on the main chamber stand until the 1lid was level in
orthogonal directions. This aligned the 1lid and the main chamber bearing
surface to better than .0005 inch per foot.

The beams are located 3.375 inches above the center of the two source
chamber‘ports on the vertical center line. To find this point a fixture
was made from a bar of aluminum of a suitable length so as to span the port
hole and bolt onto the main chaﬁber. Tﬁe bar contained a 3 inch long brass
bushing with a half inch shaft. The shaft rotates inside the bushing. A
vyod with a machinists indicator attached to it and a rod with a point 3.375
inches from the center of the bushing rod were botﬁbclamped onto the bush-
ingvrod. The bushing rod was turned so the indicator ran on the inside
bore of the 20 inch source chamber hole. The aluminum bar was moved until
the bushing rodAwas centered to within .00l inch. The rod was then rotated
until the point 3.375 inches from center was on the vertical center line of
the hole. This point was markéd as the beam position. "This was done on
both source chamber holes in the main chamber. A cathetometer was set up

opposite each source hole and the cathetometer's cross hairs were positioned
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so as to lookAat the respective beam point parallel to the plane defined
by the detector rotating lid. The cathetometers can be positioned in a

horizontal plane to better than .001 inch per foot. With the center of

rotation and the beam plane determined, measurements for the source and

detector slit locations could be made.

C. Detector Chamber Alignment :

The movement of the detector chambers after the vécuum chambers were
evacuated, and the detector chamber walls were cooled to liquid nitrogen
temperature had to be measufed. To'do this a cathetometer was aligned.on
the beam plane as described in the previous section. The detector rotat-
ing 1lid was assembled and the ionization chamber was put in place. Five
openings on the horizontal plane in the detector chambers were fitted with
brass plates that enabled the detector chamber movement to'be measured.
Each plate had a square hole in its center with lines scribed .010 inch
apart around the perimeter of the hole. The center of the accurately mach-
ined holé marked by a heavy horizontal and verticai line was precisely lo-
cated with respect to the locating surface of each detector hole. This

"was done for the detector entrance hole, the deﬁector chamber 2 entrance
hole, the ionization chamber entrance hole, the ionizer support plate hole,
and the 5 inch hole for the scintillation counting unit. Since the meas-
urement had to be taken looking from the back of the detector toward the
COR, each successive hole going toward the COR was smallér ﬁhan the pre-
‘vious one. This allowed the simultaneous measurement of detector movement
at all five positions.r The chambers were temporarily equipped with light

bulbs for these readings. After all the plates were in place the wacuum

4
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chambers were sealed and the apparatus pumped down. The movement of the
plates was ﬁeasured with the optical cathetometer looking through é Pyrex
porthole. Measurements were made in a cyclical fashion. First, the meas-
urements weré made with the vacuum chamber at atmospheric pressure, then
the chambers were pumped out and again measurements were taken, then de-
‘tector chambéré were cooled to liquid nitrogen tempefature and measured.
Measurements were also taken when the chamber warmed.up to room temperature,
and finally when the apparatus was aﬁ atmospheric pressure. This process

~ was repeated three times and the average of the three valves was used as
the correct measurement. All the measurements are within about .002 or
.003 of an inch. The diméns;on for the locating surfaces on the five
plates and their distance to the center of the hole are listed in Table
I1-6. The distance that the center of each square hole is off from the
true center defined by the line in the beam plane of beam 1 is given in
Table II-7 for the chamber at atmosphere, under vacuum and at liquid nitro-
gen temperature.

The numbérs listed in Table II-7 for the detector movement dimensions
at liquid nitrogen temperature were used in making the actual detector
slits and parfs; The construction details.of each of the five parts vary
but their dimensions can be specified by listing the-size of the locating
surface, the distance from the left locating edge to the centexr of the
aperture and the distance frbm the top locating edge to the center of the
aperture, and finally the dimensions of the apertufé itself. All dimen-
sions and directions are looking from the back of tﬁe detectorvtoward the
COR. The detector entrance slit is on the sliding gate valve along with

a .003 of an inch hole to look at each beam. The main aperture in the
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"Table II-6. Locating Plate Dimensions

Left edge Bottom Edge
Plate Width to hole center Height to Hole center
(inches) (inches) ' (inches) (inches)
* *
Detector Entrance 0.715 0.357 0.30¢9 0.145
Detector Chamber 2 0.624 0.317 0.748 0.375
Ionization Chamber 0.498 0.250 0.748 0.375
Ionizer Support 1.999 1.000 4,123 1.375
K% *k
Rear Flange - 4,500 2,250 _ - -

*Actually diameter of circle and distance from the bottom of circle.

**Distance from locating pins.




Table 1I-7. Detector Chamber Movement Dimensions.?t

At Atmocpheric At Liquid WNitrogen

Plate Precsure . Under Vacuum Temperature
Up and Down  Left & Right Up & Down Left & Right Up & Down Left & Right
Dist. Dir.= Distf Dir.® Dist. Dir.* Dist. Dir.* Dist. Dir.* Dist., Dir.*
Detector . o ’
Entrance 0.000 oC 0.040 L - 0.018 D 0.040 L 0.000 UC 0.047 L
Detector Chamber R .
2 Eatrance 0,045 ©U 0.020 L 0.030 U 0.020 L 0.042 U 0.020 L
Ionization
Chamber 0.028 ¢ c.C60 L 0.017 U 0.060 L 0.07r v© 0.060
Ionizer
Support 0.024 U 0.057 L 0.015 U 0.057 'L 060 U 0.060
0.018 D 0.015 L 002 D 0.019

Rear Flange 0.001 U 0.017 L

t All dimensions in inches.-

_gg_

% Direction Up(U) or Down(D) 1is the direction of the plate horizontal center line from the cethetometer
The direction Left(L) or Right(R) 1is the direction of the plate vertical center

horizontal cross hair.
These are the real directions not the apparent cathetometer directions.

line from the vertical croes hair.
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gate valve has é small line scribed on the horizontal center line of the
hole to aid in aligning the detector. The detector chamber Z entrance
slit, the ionization chamber entrance slit, and the ionizer plate all have
horizontal and verticai scribe lines on the hole cénters. The scintillator
housing which attaches to the rear flange is different from the other four
pieces. It is}positioned;by two locating pins, and it aligns the exit
lens with the rear of the quadrupole mass filter.. In thisfcase the dis-
tances specified are bet&een the center located by the pin in the detector.
chamber and the axis of the ion exit lenses, again, looking from the back
of the detectof toward the COR. The dimensions for these five pieces are
listed in Table II-8.

The actual alignment of the detector apertures is straight forward.
The cathetometer must be set up on a beam line in the beam plane. The
gate valve and counter mechanism must be assembled (see Appendix 3) and
the horizontal line set to line up with the cathetoﬁeter horizontal cross
hair. The counter reading must be noted'éince this will be the position
for the perfect alignment of the detector opening. The detector chamber
2 slit must now.be put in place and its séribed lines should fall o; the
cross hairs of the cathetometer. The ionization chambgr is now lowered.
into place but before tightening the UHV flange the cﬁamber must be cor-
rectly positioned. To position the ionization chamber”place the ioniza~-
tion chamber entrance slit in place and move the ionization chamber so as
to line up the vertical center line. Place the ionizer support plate in
position and move the ionization chamber so as to position the vertical
line that is .010 of an inch off center on the vertical cross hair. Remove

the ionizer support plate and recheck the ionization chamber entrance slit.



Table II-8.

: a
Detector Aperture Dimensions.,

(Scintillator Housing) 2,250(radius)

~0.016

» Locating Surfaces Left Edge to Top Edge to . Aperture Dimension
Aperture Width Height Hole Center? Hole Centerd Width Height
Detectof Entrance
(Gate Valve) 0.717 b 0.383 b - 0.150(.381) 0.150(.381)
Detector Chamber
2 Entrance 0.620 0.748 - 0,323 0.417 0.141(.358) 0.141(.358)
Icrnization o
Chamber Entrance 0.497 0.748 .0.189 0.446 0.118(.300) 0.118(.300)
Ionizer Support .
‘Plate 2,000 4,124 1.060 2.810 .140 dia. -
Rear Flange
c,d 0.002° -- -

e 0 o

Controlled by gate valve positioning device.

Distance from flange center to exit lense axis.

Dimensicns in Inches except centimeter in parenthesis.

Distance to right of center when looking toward COR.

—Lg_
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When both of these lines are lined up properly tighten the jionization
chamber down until the two flanges are metal to metal. This completes
the alignment of the detector chambers and the detector slits.

D. Detector Alignment

The detector is'for the most part self aligning. The ionizer and
exit lens - scintillator units are both self aligning. The only part of
the detector that must be aligned is the quadrupole mass filter.

The EAI quadrupole mass filter is positioned invthis system by a
specially made adapter flange (Blueprint #12N5612).'>Tﬂe quadrupole hous-
ing is screwed>onto thg adapter flange and the adaﬁter flange is then |
bolted onto the back of the ionizer support plate. Thé critical adjustment
is to get the axis of the quadrupoles to be normal to the front facé of the
adapter flange. This can be done fairly easily using a.machinists flat
table and an indicator. Once this is iﬁitially aligned there are no align-
ment measurements néeded to assemble the detector.

On the rear of the scintillator housing are two perpendicular écribed
lines whose intersection defines the beam line of the detector. The height
of the horizoptal line is at the height of the beam plane when the appafa—
tus is at atmospheric pressure. ‘This line i1s used to set up the catheto-
meter on routine alignment procedures.

E. Parent Eeam Alignment

Thg molecular beam Qses two kinds of sources in terms of method of
alignment. One is a source with a large slit such as a_high temperature
oven, and the other is a source with a small oriface behind a beam defin-
ing skimmer such as the hypersonic nozzle source. First the easier align-~

ment of the oven type source will be outlined and then the more difficult
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nozzle type source.

As mentidned previously, the collimating slits are mounted on the
collimation chamber from the main chamber side. The hole in collimation
chamber 1 is 0.722 inches wide and .987 inches high and the.hole in colli-
mation chamber 2 is . 747 inches wide and .989 inches high. The holes
serve two purposes. First, the size provides an adequate viewing area to
make positioning of the rear slits easy. Second, By making a locating
surface on the_collimating slit hoider to fit tightly into the collimation
chamber the slits can be removed and replaced without necessitating re-
alignment.

With the collimating slits out of the apparatus the oven type source

-is aiignedvas'follows:

1. Set ﬁp thé optical cathetometer facing the beam source that is

to be aligned. Level the cathetometer using the two leveling bubbles

on the cathetometer. This is important since the height of the beam

will be determined by the cathetometer and the cathetometers height
will be positioneé from the horizontal scribe mark on the back of

the scintillator housing. |

2. Move the cathetometer to‘the correct angular position opposite

the beam being aligned. This is done by moving the cathetometer into

a position so that both the COR wire and the vertical scintillator

housing scribe mark, when the rotating 1id iS'ét O.OAor 90.0 degrees,

are lined up on the vertical cross hair of the cathetometer.

3. Once the cathetometer is properly aligned, place the oven in its

mount and position the oven slit so it lines up on the cross hair of
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thé cathetometer. For maximum deviation from perfect alignment see
Table II-4.

4. To line up the collimating slits, loosely attach the slits in
the.collimating slit holder. Place the collimating slit holder in
the collimating chamber hole and tighten the,nut% to hold the collima-
tor in place.

5. Gently move one of the cbllimatingslits until the beam defining
edge is lined up on the cross hair of the cathetometer. Tighten the
screws ;hat hold this slit side and remove the collimatingslit holder
from the collimating chamber.

~ 6. Using a Graetner shadoﬁ machine, set the freebslit side one half
of the desired slit width from the fastened slit side. Tighten the
newly aligned slit side and loosen the one on the center of the slit
opening. Now set this slit the full slit width from the other and
tighten all the screws. This shopld successfully align.the collimat-
ing slits. |

7. Replace the collimating slit holder in the hole of the colliﬁating
cﬁamber and recheck the alignment with the cathetometer. The beam
slits should now be perfectly lined up.

The following is the procedure for the alignment of.the nozéle source:
1. Line up the cathetometer as in steps 1 and 2 of the previousv
procedure.

2. Using the cathetogeter as a sight, position the oriface of the
skimmer so that its center lines up perfectly with the intersection
of fhe cathetometer cross hairs. Tighten down the skimmer.

3. Place a piece of paper on the wall opposite the beam chamber of
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the beam being aligned. Put a mark on this paper so it falls on the
cross hairs of the cathetometer.

4. Set up the He-Ne laser behind the inside séurce chamber of the
nozzle being aligned. Adjust the He-Ne laser so it pésses thfough
the skimmer oriface and hits the mark on the paper.

5. Noﬁ place the nozzle in its support (see ﬁozzle section of this
vchapterj. Adjust the nozzle position until the laser light passes
through the nozzle oriface. Now adjust the nozzle adjustment screws
to try to get the laser.light coming through the nozzle oriface to
pass through the center of the skimmer oriface.

6. Shut off the laser and place a light bulb behind the gas inlet
tube for the nozzle. Temporarily remove the paper. Look at the
nozzle with the catﬁetometer and adjust the nozzle until the light
from the oriface is centered in the skimmer oriface. This may take
some patience.

7. Vary»the distance between the nozzle and the skimmer and check
to see that the nozzle oriface remains centefe&'in the skimmer oriface.
8. Removg_the light bulb, replace the paper, and turn on the laser.
Move the nozzle close to the skimmer. A round.diffraction pattern
should appear on the paper} If this is so, the nozzle is‘lined u#.
9. Align the coilimating'slits as in steps 4 through 7 of the pre-
vious alignment procedure.  This concluded the alignment of the
nozzle source.

This section has explained the various methods for aligning different
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parts of the apparatus. It is imﬁerative that these alignment procedures
be rigorously followed since only slight misalignments, especially in the
nozzle sources, can lead to extremely reduced signals. If any terms used
in the alignment procedures ate ambiguous, detailed explanations may be
found in the assembly procedures in the Appendices of this éhapter.

D. The Detector

The deteétion of scattered products in low energy neutral-neutral
scattering, whether it be from elastic, inelastic, or reactive scattering,
poses detection problems more difficult than found in beam experiments at
higher energies or in ion-molecule scattering studies . At high energies
it is relatively easy to ‘discriminate against signal from low energy back- -
ground.gas, but for these low energy neutral-neutral scattering experiments
the signal contribution from background gas is of paramount concern. Al- -
though surface‘ionization techniques have been used in neutral-neutral
scattering and are to a largg extent free of background problems, they'are
limited to a specific group of elements that can be studied. Therefore,
it is necessary to use a detectof tﬁat is non-specific in the producfs it
ionizes, and to discriminate against unwanted products by use of a suitable
mass filter.

An electron bombardment molecular beam detector was designed by
Brink6 in 1965. The Brink design consisted of an electron bbmbardment
ionizer, which was able to ioniée up to 0.1% of the particles passing
through it, and a Paul mass filter17 to discriminate againSt unwanted masses.
This apparatus utilizes a'detector similar to the Brink detector, but modi-
fied to enhance the signal. It also utilizes a scintillation ion detector

system to help discriminate against noise other than background gas such
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as photons and.electrons.

The other detection techhique employed in thislapparatus, and already
mentioned, is the use of beam modulation. This enables the background to
be subtracted out unambiguously as long as careful selection of the beam
modulation freduency is used.

The general design of the detectof is such that detector components
"lie in the plane of the. beam. The ionizéf is in a separate chamber from
the rest of the detector and utilizes a '"fly-through" design to reduce the.
background gas in the ionization chamber.  The ionization chamber is pumped
by a noble gas ion pump and a liquidvhelium pump, plus extensive liquid
nitrogen cooling to make the background pressure in the ionization chamber
as low as possible. A schematic diagram of the detector and detector cham-
ber electronics is shown in Fig. II-16.

i. The Ionizer

The electron bombardment ionizer for this apparatus is designed to be
as efficient as possible. This has meant that parameters such as a well
defined electron enefgy and ionizing region size had to be sacrificed in
order to achieve a higher detection efficiency. A well defined electron
energy could have been uséd to do appearance potential measurements in
some experiments.

The response of an electron bombardment ionizer is dependent on the
k, the '"rate ﬁonstant" for electroﬁ bombardment ionization. Assuming that
‘the ion is produced from a electron—particle interaction and neglecting
processes such as second ionization and electron attéchment, then the prob-
ability that a particle Qill pass through the ionizer without being ionized

. -kt | ; . . , s e .
is e if t is the amount of time spent passing through the ionizing region.
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The ionizationbefficienty (B) isvgiven by B=1 —‘e_kt. If kt<<1l, then
B = kt and is thué proportional to the residence time in the ionizer.
Therefore, the detector response is inversely proportional to the velocity
of the particle, and the detector detects a number density.

So the number of ions that are forméd in an electron bombaédment ioni-
zer per second is given by

N = inlAQ(E) (28)
where i is the electron flux in the region of the ionizer that the beam
passes through, n is the number‘density of the species being ionized, 1
is the length of the ionizing region and A is the cross sectional area
that the beam sweeps out through the ionizing region, and Q(E) is the
ionization cross section. The number of ions per secohd from the ionizer
can be increased by increasing the electron flux in.the ionizing region or
the volume of intersection between the scattered beam and the ionizing
region. The difference between the ion signal from background gas and
scattered signal, besides the number density of eaéh'ip the detector, is
the effective ionizing vdlume that contributes to each through the ionizér.
Therefore, for the best signal to noise conditions the ionizing region of
the ionizer should only be as large as the cross sectional area of the
scattered beam that passes.through it.

In order to achieve as high an electron density as possible, the ion-
izer has a design similar to Brink's. A schematic of the ionizer and elec-
tronics is shown in Fig.'l7.and a detailed assembly drawing in Fig. 30.

The ionizer essentiélly consists of a coaxial grid and cylinder with two
filaments diametrically opposite between the grid and the éylinder. The

filament floats at a negative potential with respect to the grid and a
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positive potential with respect to the cylinder. The filaments are 17
thoriated tungsten ribbons (0.0005" x 0.025" cross section, Rembar Co. Inc.,
Dobbs Ferry, N.Y.) and are mounted as close as possible (0.050") to the
grid. One end of the filaments is attached to the cylinder and the other
end is ;ttached to two separate metal connectors on a spring loaded alumina
pléte which keeps tension on the filaments to prevent sagging when heated.
After the filaments are first installed in the apparatus they must be
activated.. This entails heating fhe filaments above their usual operating
'temperatufe to briné the thorium to the surface, oxidizing the thorium on
the surfaceland carburizing the filaments by heaging in an atmosphere of
butane to prolong.their’life. (See Rosebury, Handbook of Electron Tube
and Vacuum Techniques, Addison-Wesley, 1965). When the filament is heated,
electrons are drawn off the surface by the grid (méde from 0.010" did
platinum wire Wrapbed around the grid structure) and accelerated through
the axial part of the ionizer toward the other side of the cylinder where
they are repelled back toward the center of the ionizer. The electrons thus
make several passes through the ionizing region befbre they are finally
collected by the grid. This high density éf electrons creates a space
charge effect which forms a potential well along the axis of the ionizer.
This potential well traps ions along the axis ofvtbe ionizer. To collect
the ions from the ipnizing region a three lens foéusing system was included
in the ionizer.18 The focusing system consists of three cylinder lenses.
The first two lenses after the ionizing region are split in two halves so
they can also act as ion deflectors if needed. The last lens is simply the

hole through the ionizer support plate which is always at ground potentiail.

The lenses are unable to focus the ions perfectly because the ions may be
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"born" anywhere along the axial distance of the ionizer and at different
potentials depending upon how far from the axis of the ionizer they were
ionized. Because the quadrupole mass filter used innthis detector could
acceét a fairly 1afge ion entrance angle, and quadrupoles in general are
not extremely sensitive to entrance energy, the ioﬁs.were not color correc-
ted. The tyﬁical operating conditions for the ionizer are listed in Table
II-9. The grid potential will give the upper limit for the ion energy for
the ionizer. The optimum ionizer conditions also depend on what mass is
being detected. For proper quadrupole resolution of high masses lower ion
| energies must be used.

The ionizer is constructed.from stainless steel_and alumina. All of
the ionizer eiements'are mounted coaxially on four alumina rods which are
fastened to the ionizer support plate which bolts into the ionization
chamber and locates the ionizer in the proper posiﬁion. The ionizer ele-
ments are Spaéed by alumina spacers which slide Qvér tﬁe alumina rods and
the entire assembly is held together by spring tensioﬁ. All the ionizer
electrical connéctions come through eight metal to ceramic feedthroughs
mounted on the ionizer plate. The assembly procedure for the ionizer is
listed in Appendix II-3 of this chapter.

The power supplies for the ionizer are a‘Kepco SC-32-15A for the
v filament, a'Lambda C-880-M for the cylinder shield, and a series of 45
volt B batteries with various high resistance poténtiometers for the other
ionizer gleﬁents.

The electron bombardment ionizer has presented problems when looking
at higﬁ density signals, éuch as looking directly ét a nozzle beam. The

ionizer behaves in an extremely nonlinear fashion when a high density
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Table II-9. Ionizer Operating Conditions

Element
Grid (Ion Energy)
Electron Energy
Electron Emission
Lens 1

Side A
Side B

Lens 2

Side A
Side B

Filament

Voltage
Current

+60 v?
-110 V?

15 ma

-92 v:
-84 V

-147 v:
~143 V

a DPotential with respect to ground.
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signal is detected. This is illustrated in a time-of-flight distribution
of an argon nozzle beam at various source pressures shown in Fig. II-18.
These spectra were taken using a 1% transmitting time of flight chopping
wheel with a slot period of 500 usec, and observing the beam through the
.003" diameter detector entrance hole. The combination of the narroﬁ.
wheel slot and the special separate .003 of an inch hole on the gate valve
gives a time of flight wheel gate function time of approximately 6 Usec
which is small compared to the ionizer response fﬁnction time of.apﬁroxi—
mately 65 psec. The ionizer response function time is just crudely calcu-
lated from the most probable velocity and ;he lengtﬂ of the ionizing region
of the ionizer. This ionizer response time is close to the FWHM time on
the time of flight distributions. The transition from a smooth distribu-
tion at an argoﬁ pressure of 50 torr to a bimodal distfibution of 650 torr
suggests that the ionizer acts in a noglinear mode at high number densities
in the ionizing region. The ionizer ion energy and electron emission were
also varied but the distributions reméinéd bimodal except that the relativé
heights of each peak would-change. Only by reducing the argon nozzle pres-
sure could the bimodal peak be eliminated for the case of argon. The time
of flight distribution of an oxygen beam and a methane beam were also meas-
ured. The methane beam had no bimodal structure over ranges of both elec-
tron emmission -and ion energy. The oxygén beam has'a bimodal structure at
low ion energies for thé 02+ prodJét but qnly one peak for the O+ product
at the same ion energy and electron emmissién as shown in Fig. II-18.

From these observed phonomena, it is possible that at a high number density

a resonant charge transfer process is taking place between the newly formed
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argon beam ion and a background»a;gon atom traveling in a nonaxial
‘direction, thus causing an ion signal attenuation at high densities. With
this effect present for high number densities, extreme care must be taken
when measuring beam profiles or parent beam velocity distributions. This
effect has only been seen with this ionizer when a low transmission time
of flight wheel and a small entrance aperture were used. This character-
istic may be present in other electron bombardment ionizers but may go
undetected since for large gate functions the effec; would be a élight
skewing of the time of flight distribution.

The ionizer is the one part of the apparatus that could stand sub-
stantial improvement. The electron bombardment ionizer can at best be
called an inefficient detector. Iﬁprovement in detection efficiency‘
of the electron bombardment ionizer may be enhanced by increasing the
electron density in the ionizer and using a strong extraction lens system.
.ReCent'advances in thin film technology have led to the development of
field emmissién devices capable of supplying high current densitiesl
(7.7 to 23 amps/cmz) without destruction from ion bombardment. An elec~
tron source of this type may be useful in designing an ionizer with sharper
electron enérgy and ion energy ranges ahd a shorter path iength for a
given ionizer efficiency.

Field ionization is another technique that has the potential of being
a good ionizer but has seen limited application in the molecular beam
field duezto fabrication difficulties and ion collection préblems due to
ion formation at‘high potentials. Again, thin film technology has apparent-’
ly advanced this field Qith the development of a multipoint-grid structure

. . . 20 . .
to be used as a field ionization source. The structure is a uniform array
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of points spaced 25 microns apaft with a grid structure 125 microns above
the points. The potential between the grid and the points is approximately
3000 volts. The ionization efficiency at this‘ionizer is slightly better
than 0.1%. Of_codrse, this type of ionization process could not be used
with a quadrupole mass filter since the former is a high voltage device

and the latter is a low voltage device. Undoubtedly, if a more efficient
fiéld ionization source is made a magnetic mass spectrometer could be used
as a mass filter.

An even more attractive ionization source would bé é photoionization
source, Although the ion intensity would be a step function of photon
energy, this type of ionization was rejected since‘thé light source would
have to extend far down into the vacuum UV and be extremely inte;sé. State
of the art light sources are not intense enough to give an ionization effi-
ciency near that of an electron bombardment ionizer.

2. Mass Filter

The mass filter used is an RF quadrupole type (Model EAI Quad 250)
which was purchased from Electronics Associated, Inc., along with the RF-DC
electronics pdwer supplies. The main advantages of using this quadrupole
mass filter are its ability to accept ions offlarge_entrance angles, its
variable resolution which allows the use of low reséiution if there isn't
ba nearby interfering mass peak, and its compact size. xThe main advantage
is the variable resolution. . The transmiésiﬁn of the quadrupole can be sub-
stantially increased‘on the high mass range 1if the resolution can be low-
efed without having intérference from an adjacent ﬁass peak. AAn illustra~
tion of this is shown in Fig. II-19. The resolution.is defined by EAI to
be unity when two mass peaks of equmal height one masé unit apart have a

valley between them of 107 of the peak height.
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The lower panel shows a mass scan of SnCl at a resolution
of ~0.5 times the mass number. The transmission of a
given ion. peak at the setting in the upper panel is more

than 10 times greater than at the setting in the lower panel.
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Thé quadrupole filter is mqﬁﬁted on the rear ofAtﬂe idnizer support
plate. The assémbly and alignment procedures for this unit are given in
the alignment: section of this chapter. The backgrodﬁd mass spéctra after
1 year of ruﬁning experiment is shéwn in Fig. II-20. Several of the higher
mass background peaks are due to tungsten, thorium, and thorium oxide from

the ionizer filament. There is also a background peak from iodine at 127.

3. Exit Lenses and Scintillation Counter

This apparatus utilizes a scintillation deteétion technique to
count the ioﬁs that are passed through the mass filtet. The
scintillation technigue was utilized rather than an éléctrén nultiplier for
several reasons."Firsﬁ, the scintillation technique\makes it easier to di-
scriminate against background from other sources such as photons or elec-
trons. Second, the photoﬁultiplier t;be that is use& to count the light
pulses is néver subject to contamination as is an electron nmultiplier, or
semiconducting detector. Third, the scintillation'coﬂnter has a potentially

. : . .21
faster counting rate than semiconducting ™ ion detectors.

The scintillation unit is éimilar to thé one ééscribed by Dély.22 A
cross sectional detail view is shown in Figs. I7-31 and II-32 and a sche-
matic view with associated electronics is shown in Fig. II~i6. Essentiélly
the_scintillat;on unit comnsists of a éet of electrostatic lenses which ex-
tract the filtered ions from.the mass filter and accelerate them toward
a high voltage cathode. The ions strike the aluminum surface of the high
voltage cathode and cause 2 to 6 secondary electron523 to be emitted from

the cathode and accelerated into the Pilot B'blastic scintillator. The

plastic scintillator ylelds one phcton per 2.5 kev of electron energy.
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The detector count rate as a function of discriminator level.
The detector has been set to filter out all ions. The total
count rate with all detector electronic supplies on (sguares),
the single photon count rate (circles) and the difference
between the two (triangles) are shown.
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This light pulse from the plastic scintillator is then amplified by a
phoqpmultipliervtube (EMI 95248).

All of the scintillator unit parts are made from stainless steel or
alumina. The high voltage cathode is a highly polished stainless steel
éurface that has been coated with a .001 inch thick layer of aluminum by
vacuum evaporation.  The distance between thé high voltage cathode surface
and the plastic scintillator surface is variable which allows the position
at which the electrons strike the plastic scintillator to be optimized.
The plastié scintillator used in this appafatus is Pilot B scintillator

material.24’25

[}

The surface of the scintillator is coated with a 1000 A
thick layer of vacuum deposited aluminum.” This layer of aluminum reduces'
the background light that can enter the photomultiplier, keeps the face of
the plastic scintillator at ground potential, and increases the collection
efficlency of photons from the scintillator.26 The 9524S photomultiplier
tube is covered with an aluﬁinum shield that floats at its cathode potential.
Optical contacg is made betwéen the photomultiplier tube and the plastic
scintillator with ﬁow Corning 705 silicon oil in order to lower reflection
‘ losses of small angle of incidence phoﬁons at the surfaces of the phosphor
and photomultiplier tube. The photomultiplier tube‘can_COunt at a rate of
107counts/sec,‘ |

A Signetics NE 529K discriminétor is used to discriminate against one
photon pulses and e;ectrical noise from the photomultiplier. Fig. II-21
shows the count rate as a function of the discriminator level. The count
rates in this figure were taken with the quadruéole resolution as high as
possible and the mass setting tuned to a mass where there should be mno
background peak. Count rates for two different operation modes were meas-

ured. In Fig. II-21 the count rate when all of the detector power‘supplies
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are on is shown by the curve with the squares, and the count rate with the
.electron energy supply off, which reduces the electron emmission to vir-
tually zero, is shown by the curve with the circles}v The difference be-
tween these two values are shown on the curve with the triangles. The
count rate with no electron emmission (circies) is-duelfo the photon back-
ground from the ionizer filament. At iow discrimina£or lévels this is the
predominate béckground, but as shown in the figure it can be effectively.
discriminated against and reduced to 10 éounts/sec. The curve with all of
tﬂe detector suﬁplies on (squares) minus the photon background giveé the
éurvé shown by the‘triangles in-Fig. 21. This count rate is due to ions
and not single photons since any single‘photon source would be discrimina-
téd against at the higher>discriminator settings. In1order to ascertain
where these ions are being formed, various detector conditions were changed.
.Even though these count rates were measured with a high resolutioﬁ and not
near a background mass peak; it was still possible ﬁhat the same ions were
still being passed through the quadrupole filter.. To check this possibility
the last tw; léﬁs eleﬁents were set at a potential of + 1000 volts to pre-
vent ions from reaching the scintillation detector.chamber. This did not
reduce the background ion signal at all, which means that these ions are
being formed in the scintillation chamber. This is a yery serious problem
for reactive scattering, and has to this éoint hindered the collection of
data. It has been necessary to count for much longer times in 6rder to
>achieve a good signal to noise ratio for reactions that should be easy to
collect data for in a short time. This problem must be rectified in order

to make this machine operate as it was designed. The most likely source

of this high ion background is from a photoionization process taking place_
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in the scintillation housing. The UV photons for fhis process can come from
radiative relaxation of excited particles in the ionizer:. Since this source
of UV photons will be relatively weak and the number densiﬁy of particles in
the scintillator housiﬁg will be low thé ions are most likely being on the
back surface of the scintillator housing. The solution to this problem
will be to either divert the ions from their axial path around an optical
baffle before they reacﬁ the ionization chamber or to place a gfid near the
rear wall to prevent the ions that are being formed from getting to the high
voltage cathode. Once this is satisfactorily done the apparatus should
easily be able to perform reactive scattering experiments better than it can
now.

Figure 22 shows the count rate for a background mass as a function of
the high voltage cathode potential. The slight dip in the curve at 15 Rilo—
volts is due to the potential at last exit lens being held cénstant céﬁéing
the ions not to stfike the optimum position on the high voltage cathode,
thus causing the count rate to decrease. Another minor problem has been
operating the High voltage cathode over 35KV. At potentials over 35 KV the
high voltage supply arcs at some point and power supply shuts off. Since.
this makes running an experiment difficult the high voltage cathode has usu-
ally been run at a poteﬁtial between 30 and 35 kilovolts.

The electronics for the scintillation unit are shown in Fig. II-16.

The voltages fof the three electrostatic lenses are supblied by a sefieé of
45 volt "B" batteries and a Fluke model 408B 6KV high voltage power supply.
The potential for the high voltage cathode is supplied by a Hipotronics model
v850—lOR/B188 60 KV powér supply. A Fluke 415B 3KV power supply is used for

the photomultiplier tube.
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The output pulses from the discriminator can either be counted by a
separate counter (T/I Model 1535) or directed to the computer to be counted
there and then stored in different memory 1ocations;

E. Nozzle Source

Evér since Kantrowitz and Gray27 postulated the use of a supersonic
gas expansion as an intense molecular beam_source iﬁ 1951, extensive work
has beep done in construction and understanding these nozzles. The hyper-
éonic nozzle has demonstrated its promise of'lj providing a source which is
orders 6f maéﬁitude more intense than effusi&e sources, 2) preparing a near-
ly monocenergetic velocity distribution in the beams and 3) prbviding a new |
source of unusual aggregates through condensation procésses in the nozzle
expansion. . Much literature has postulated various methods and explanations
of how to achieve as intense a nozzle source as possible and why they behave
in the manner that they do - which unfortunately is ndf exactiy the way that
Kantrowitz and Grey had originally predicted.

To characterize the nozzleé used in this apparatus the measured inten-~
sities and velocity distributions will be compared to the simple theory of
nozzles. |

If an isentropic expansion is assumed then

B+ 2oy’ = g , ‘(29)'
where H is the enthalpy and V the local flow‘velocity and Ho is the enthalpy
Of_the gas in the stagnation source. Therefore, the local flow velocity is
éiven by
To

C dT ’ . ,
TP , (30)

<
1l
g

To obtain the functional form usually seen in nozzle papers the Mach number



must be introduced which is simply
2

= L . (31)
c

where C is the velocity sound in an ideal gas

, .
¢t = XRT _ . (32)

and Y ='Cb/Cv. Substituting equations 31 and 32 into equation 30 yields
the equation derived by Kantrowitz and Grey for the relative temperature

of the gas (T) in the expanded beam of

% = 1 - (33)

0 [1+ (y-1)M2 ] . .

o 2
Thus, it is the lowered relative temperature (T) in the beam that leads to
the expression supersonic nozzle. The actual energy-énhancement over an
effusive beaﬁ ié small, but the Mach numbers are high because the flow ve-
locity of fhe>beam'is compared to the local speed of sound in the beam
which is low. Ahother question that arises when estimating the local flow
velocity or the'rela;ive temperature of the beam, is‘what value to use for
the heat capacities,,C and Cv. For a monatomic gas only translation degrees
of freedom are ﬁresent and are thus the only ones that can relax. For di-
atomic or poiyatomic molecules, rotational and Vibrétional degrees of free-
dom may also relax so the extent of relaxation of each muét be\considered
when estimating the heat capacity to be used. For small molecules the
rotational degrees of freedom are relaxed énd the vibrational degrees of
freedom are not relaxed, since the roﬁational energy level spacings are

smaller than the vibrational energy level spacings, thus less collisions
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are needed to relax rotational modes than vibrational modes. In general

the relative vibrational, rotational, and translational temperatures in the

beam are in the order

-

.. > T > T
vib rot trans

The flow velocity of the beam also accounts, in:part, for the higher
intensities in nozzle beams.than in effusive beams. The flow>of the gas
makes the intensity more directed along the axis of the flow and thus.tends
eo increase the intensity of the nozzle source..

The intensity along the centerline of the nozéle, I(O?U) can be put in

a form analogous to an effusive source.

3 ' 2
dI(0,u) _ Ns As' u exp [-(u-v) k (34)
du Tr3/2 o &2

" where n_s As, Og refer to the number density area, and most probable velocity
of the skimmer oriface respectively, and v is the bulk gas or flow velocity

and u is the molecular velocity. Anderson and Fennzg have shown that this

reduces to 7
3/2

du m3/2

drfo,u)_ NAs ( u )3 1 +(1%£)M2

o«
o

2 1/2mM\2 ' .
xexpd -2 |1 + (=D - % ‘ : (35)
° 2
where n and «o are the number density and most probable velocity in the
nozzle chamber respectively. Equation 35 predicté an increasing intensity

‘as long as the Mach number M keeps increasing toward infinity. In practice

this does not happen since as the gas expands the number of collisions that
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occur decrease'until eventually the gas goes over to the free flow condition
and the Mach number becomes '"frozen in'". Anderson and Fenn have shown that -
the terminal Mach number can be summarized by the equation

A -0.4 ¥ .
= 1.17( 2 (36)

n

where A, is the viscosity based mean free path in the nozzle chamber and
D, is the diameter of the nozzle oriface. Tbis effect of "freezing in"
a terminal Mach number means that another expressibn for the intensity must
be used which takes.account of the fact that the isentropic expansion may
be completed before the gas reaches the skimmer oriface. This has been

accounted for by Anderson, Andres, and Fenn'29 by using the following ex~

. pression for the intensity for Mach numbers above 4 of

1 \2 N
o (Y a2 v (Ll 42 (37
s (ll) s(ﬂXZ ) 1 (2 M1 2 |

where n_ and ls are the number density of the skimmer and distance from v

e

the nozzle to skimmer respectively, 1. is the distance from the nozzle to

1

the surface where the terminal Mach number occurs, V. is the flow velocity

1
associated with the Mach number Ml and X 1is the distance from the nozzle
oriface to the.point where the intensity is to be determined. If the-'dis-

tance between the nozzle and skimmer is less than the distance where the

terminal Mach number occurs then 1, =1 , V. = VS, and M

1 s 1 = Ms’ the Mach

1
number at the skimmer. One final relation is needed in order to be able

to do this simple calculation and that is the relation between the nozzle

chamber conditions and the parameters of the flow as it moves downstream.




This relation has been found by Sherman and Ashkenas 30 to be
-X.}\ -1 1 [y+l -Xo ¥-1 |
= —_ - Jd =
M= A |5 ) 3 (Y-l) < ) (38)

D
where X, is the distance downstream of the nozzle oriface where the stream-
line flow appears to radiate from, X is the distance downstream of the
nozzle oriface, A is a value determined by the method of characteristics
for a given X, and M, and D is the nozzle oriface diameter. The value for

A and X, depend on the value of Y and their values found by Sherman and

Ashkenas are listed in Table II-10.

Table II-10 ' 1
: Xo Xo
Y D A D
1.67 0.075 3.26 0.04
1.40 0.40  3.65 0.13
1.286 0.85 3.96

Finally, to obtain the number density of the skimmer a modification of the

Sherman and Ashkenas formula for pitot tube pressure measurements gives

. . . ) .
no fy-1\ v+ V-1 fy 1\ 2l XX )
EEEY T E) e

" The configuration of the nozzle source used in this apparatus is shown

in Fig. II-23,v The skimmer is mounted on the front plate of the main support.
The nozzle chamber is mounted at the end of a 3/16 inch diameter tube and is
seated on the end of the fluid cooling support. The nozzle chamber is en-
closed in insulated tantalum heating wires and the temperature is monitored
with a chromel-alumel thermocouple placed in the thermocoﬁple hole in the
nozzle chamber. The oriface for the nozzle chamber is made from a round

shim of either nickel or stainless steel and is sealed in place in the nozzle
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Figure II-23. Nozzle Source

Nozzle'slide support.

Nozzle slide.

Dovétail fgr vertical movement
Cooling cﬁambers and nozzle support.

Alignment screws.

"Nozzle feed.

Nozzle chamber.

Copper sealing gasket..
Nickel oriface.

Oriface cover.

Heating ﬁire holder.
Skimmer

Gas inlet.
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chamber with é knife edge seal. The nozzle chamber on the cooling>chamber
support is positioned in a slide on the main support and must be aligned
with the skimmer oriface és described in the alignﬁent section. Once a-
ligned the nozzle skimmer distance can be varied from tﬁe outside by means
of a mechanical feedthrough.

The berformance of the nozZle source has been tested by meastiring the
velocity distributions at various nozzle skimmer distances, by measuring
the change in intensity of a scattered signal at one‘angle as a function
of the nozzle-skimmer distance, and by measuring the beam attenuation of
the other beam being operated at a low intensity. This was done to avoid
the nonlinear effects of thé ionizgr. The time-of-flight distributions
of narrow angle eiastic scattering were used to determine the velocity
distributions in the beam sé as to avoid thé bimodel structure previousiy
'seen, The velocity distributions were obtained from the time of flight
distributions by decénvoluting over the time of flight wheel and ionizer
gate function as described in the time of flight séction of this chapter.
The nozzle oriface in this data is a .012 cm diamefér hole with a .012
cm lbng throat. The Mach numbérs from the velocity distributions occur-at
larger distances than predicted by Sherman and Ashkeﬁas29 and may be due to
the relative nozéle diameter to ;hroat length of the oriface.

The Mach numbers from the data taken for Fig. II-24 were used to

calculate theoretical intensities for several nozzle skimmer distances using

Equations 33, 37, and 39. The theoretical prediction is compared to the

variation in intensity of an elastically scattered oxygen beam as a function

of the argon nozzle skimmer distance and is shown in Fig. II-25. This

simple model predicts the qualitative behavior fairly well as shown in the
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Velocity distributions of an argon nozzle with a .005 inch

diameter oriface and a .005 inch long throat. The various

velocity distributions were deconvoluted from time-of-nozzle-

‘skimmer distance (inbnozzle diameters-L/D). The Mach

number is also given for each distribution.
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o measured
a calculated

1 l L L | L

O

20 40 60 80 I00 20 140 160
NOZZLE-SKIMMER DISTANCE (nozzle diameters)

XBL 751-5460
nozzle intensity (in arbitrary units) versus nozzle skimmer
distance. The circles represent the measured intensity of

elastically scattered oxygen from the crossed beam for different
nozzle-skimmer-distances. The curve is from a theoretical
calculation using the lMach numbers measured at various nozzle
skimmer dlotanceo shown by the squares.
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figure but it does deviate from the measured valves at small and large
nozzle skimmer distances. At nozzle skimmer. distances of 10 nczzle dia-
meters or less than Mach number is less than 4 which is in a region that
is not accurately described by this model. Tﬁe 1arée increaéé in inten-
sity at nozzle skimmer distance near zero is from the larée angle of the
flow subtended by the skimmer oriface. Althcugh large intensities can be
obtained in this region, sacrificing the narrow velocity distribution
usually cannot be tolerated so thé nozzle must normally be run at a large
nozzle skimmer distance. | |
In order to estimate the intensity of the nozzle the attenuétion of

the other beam was ﬁeasured. A typical measured beam attenuation for
various beams was between 0.2 and 1.0 percent when the nozzle skimmer
distance was set fo give a narrow ve}ocity distriﬁutién and maximum in-
tensity. Unfortunately, this attenuation is smaller thaﬁ what is expect~
ed from calculations for an isentropic expansion. A comparison of the |
theoretical and measured intensities is shown in Table II-11. Anderson,
Andres, andvFenn28 have alsc.found that the measured nozzle intensity is
less than thercalculated nozzle intensity. They havévfouud a good

correlation between the ratio of the observed intensity to the calcu-

lated intensity and the Knudsen number Kn(mean free path divided by the ori-

face width) divided by the Mach number (M). For values of the Knudsen num-
ber divided by the Mach number of less than 0.1 the ratio of observed in-
tensity to calculated intensity is equal to this number. For values above

0.1 the ratio does not continue to increase linearly with Kn/N but rather,

1

falls off faster as the nozzle is operated at higher pressures. Anderson

and Fenn attribute this teo an interacticn between the nozzle flow,énd the
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Table II-11. Comparison of theoretical imtensities and measured
intensities for Argon and Oxygen. :

Parameter . Valve

Calculated total

o
‘cross section#* _ - 500 A2
Nozzle—skimmer distance. 60 nozzle. diameters
Width of collision zone 0.2 cm

Calculated number density of 13 Molecules/cm3

beam 1 at collisiqn zone » 5.15x10

Calculated beam attenuation 39%

Number density at skiﬁﬁer : v 1.64X1Ols MOleCUleS/cm3
Knudsen # at skimmer | ' 1.42

Measured beam attenuation 0.5%

bean 1 at collision zone  sxqoll Melecules/ 3
Beam Mach number ' 20

*Calculated from the dispersion force potential using values measured by
Tully and Lee.3l
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skimmer oriface which causes a disturbance in the beam flow. If this is
taken into account for the nozzle in this apparatus, a beam attenuation

of approximately 27 should be seen. This is still about a factor of 5
higher than we measure. Since the Mach number continues to increase as
the nozzle - skimmer distance is increésed an attenuation of the nozzle
flow in the source- chamber is’unlikeiy‘to be causing the attenuation. An
explanation for this could be that the beam éould be attenuated by a high
pressure iﬁ the collimation chamber downstream of the skimmer. A pressure
of 5 x 10—4 torr in the collimation chamber would cénse a 507 beam atten-
uation on bassing through the chamber. Each time the nozzlé éource was
used in a different experiment the nozzle skimmer distance was adjusted so
as to give a maximum elastically scattered‘signal from the other beam. The
time-of-flight distributions were measured for the nozzle skimmer distaﬁce
used in each experiment.

F. High Temperature Oven Source

The high temperature source in this apparatus used to generate salt
or metal 5eams is capable of operating at temperaturgs.of up to 1700°C.
The oven essentially consists of a cylindrical molyﬁdénum crucible approxi-
mately 25 cm high and 1.9 cm in diameter which can hold about SObcm3 of
salt or metai. The crucible is encircled by two hélical 3/16 inch diameter
molybdenum rodé which are.attached to a water cooled copper block at each
end. This is then héated by a 10 volt, 600 amp‘power supply which in turn
radiatively heats the crucible. The heating coil and crucible are enclosed’
in a cylinder bf Zircar32 heat insulation which is in turm eﬁclosed in a
copper shroud which is attached to the top copper block. The crucible is

supported on the bottom by two sapphire balls and on the top by a spring
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loaded préssure plate pushing down on a sapphire ball. The vertical slit

in the oven is 0.63 cm high and .025 cm wide. The temperature of the oven
is measured.by a Platinum - Platinum 13Z_Rhodiﬁm thermocouple placed next

to the oven crucible and checked with an optical pyrometer. Figures of this
source and further details will be described by A. Freedmah.

G. Time of Flight Measurements

The velocity dist;ibutions on this instrument are measured by a time
of flight technique. A schematic descrip;ion of the time of flight system
is shown in Fig. II-26. The hgart of the time of flight data acquisition
system is a Digital Electronic Corporation PDP-8 computer with 4K of memory.
As shown in the figure, two blocks of storage locations each with 256 loca-
tions are set aside to stofe data directly from the mqlecular beam‘apparétus.
One block stores data when the system is in ﬁhe beam on mode and the'other
" block stores data from the beam off mode. One of the phototransistors on
the beam modulation wheel initiates a pulse which controls a gate that di~
rects the data to either the beam on or beaﬁ'off storage locations. Tﬁis
" line also contains a variable delay denoted by 'variable throw out time"
in the figure which allows a delay time to be set ﬁhat stops the computer
from collecting data whén the beam is in a transient mode of turning on or
off. The time of flight spectrum is obtained by chopping-the signal with
a slotted wheel that can be turned at various velocities. The wheel is
located immediately before the first entrance to the detector chambef. As
.the slot in the wheel moves ;ast the detector opening a segment of molecules
start to fly through the detector chamber. At the same time that the mole-

cules start to move into the detector a pulse is initiated from the photo- -

diode on the time of flight wheel that causes the location counter to reset

-~
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Discriminator

Phototransistors
Beam Chopping Wheel
High Voltage
zﬁ://A Cathode
LINE
DRIVER EMI 95245
Photomultiplier
Tube
Time of Flight
Chopping Wheel
LINE LINE
DRIVER DRIVER
| RESET
! PDP-8 ,
i Bin Time Computer |
:J’Generofor GATE :
| |
1 p{Stop Dato }
! Pulse ’ l l :
| [cOUNTER]  [cOUNTER] ! Teletype
: Location | v v [
) Counter GATE :
| ___ ¥ ¥ ' |
Beam on |, Variable MEMORY MEMORY Double Prec. i
Beam off[; ™|Throw out Time| | [LOCATIONS| [LOCATIONS and ] @
] | to 256 257 to 512 Data Hond[jng T
: Beam on Beam off : Oscilloscope
|
| ! ] |
1 1
|
o GATE |
. e T e e J
XBL75-5446

F;g. II-26. Schematic diagram of the time-of-flight data
acquisttion system. Blocks inside of dotted line are
contained in thé computer,
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go zero. This then sets bin 1 (location 1) as the initial time slot for
COllecting.data. As the molecules travel through the detector they are
ionized somewhere in the ionizer and then accelerated toward the counting
section of ;He detector Qhere they are detected and'formed into a pulse
by the photémultiplier and discriminator. The pulse then goes through a
gate and into one of two counters. Two counters are used so that as one
counter is transferring information into a storage location the other is
counting pulses from the detector. The time at which the gate switches
the pulses from one counter to the other is controlléd by the bin time
generator. The bin time generator also controls the length of time that
data will be collected in each bin. This allows the utilation of only 1
bin for each time of flight wheel pulse up to 256 bins per pulse. The
limit' on the smallest time allowed for a bin is 3 microseconds which is
determined by the cycle time of the computer. To keep frém counting only
partrof a time of flight pulse due to the beam chopping wheel turning on
or off, an '"about to turn offﬁ pulse is generated from another phototransis-
tortor on the beam chopping wheel which causes the computer to take a last
time of flight measurement and ghen shut off untii the next beam on or
béam off signal comes.

When one of the data storage locations is filled at a value of 4096
an interrupt is.generated and the data from all the diréct access lqcations
are stored in other double precision locations in the computer. Whilg the
computer is collecting data (actually during a lapsé in_dne of the cycles),
the time of flight distribution of either the beam on, beam off, or differ-
ence between the two can be stored on the oscilloscope. When enough data

has been taken for a goodbtime of flight diétribution the number of counts
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in each bin can be printed out on the teletype. The design of the counting
and gating circuits and the interface with the computer has been done by
Tim Parr and will be found in his thesis.34

The measured time of flight distribntion could be transformed directly
to a velocity distribution if the time of flight wheel slot open.time (gate
function) is snall compared to the width of the time of flight distribution.
In order to make the time of flight wheel gate function small the slots and
detector entrance must be made very small which decreases the transmission
of the wheelvorrthe wheel must be turned very fastvwhich’means the number
of slots on the wheel must be less or severe overlapvbetween pulses will
be encountered and correlation techniques must be used; The finite length
of the ionizer compared to the flight path also causes difficuities in a
direct transformation from a time of flight distribution to a velocity dis-
tribution. |

This problem has been treated33 by assuming a fﬁnctional form for a
velocity distribution and convoluting this with the gate function for the
time of flight wheel and the ionizer and then comparing the calculated dis-
tribution with the neasured time of flight distribution. The parameters of
the velocity distribution are changed until.a good fit is achieved between
the calculated distribution and the measured time of flight distributions.
The rate at whicn particles will be detected is given by

N (t) = N(v) G(L, v, t) dL dv . (39)

where N(v) is the velocity distribution for either a flux or number density
measurement and G(L,v,t) is the gate function for the detector. L is the

distance downstream from the time of flight wheel, v is the velocity of the
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particles and t is the time the particle is counted with t = 0 being when
the first particles stért through the detector. Tﬁe gate function essen-
tially gives the time dependence of the rate of airivél at the detector of
a monoenergetic beam of particles dué to the spreading caused by the length
of the open time at the time of flight wheel slotfand the detector slit té-
gether with the different path lengths due to the length of the ionizing
region. fhe effect of the time of flight wheel slot width and detecéor en-
trance width are shown in Fig. II-27. F is.the width 6f the slot in the
time df flight wheel and h is the width of the detector entrance slit. If
w is the real time width of the time of flight wheel slot then the points
on the trapezoid are a = 0, b ='%?,,c.= w, and d = ff+h)w/f. ‘The:time at

which the particle is ion%zed in the ionizer is correlated with the time it

passed through the chopping wheel by

where tl is the time that it passed through the chopping wheel, t is the
time at‘which the particle was iomized in the ionizer some length L from
the chopping wheel and V is the velocity of the paﬁticle. The time of
flight wheel expression is broken into four parts and integrated over L

. from the distance to the front of the ionizer, Ll’ to the distancg to the
rear of the ionizer, L2. This then given an expression than can be com~

bined with equation 39 to give

Nt(t) =d/:mG(t,v) N(v)dv ' ‘(40)

which is then numerically integrated to give the time of flight distribution

Nt(t)-
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Figure 27a. The figure at the left illustrates the relative time-of-
flight wheel slot and deteCto; entrance widths. The diagram at the right
shows the time-of-flight wheel gate function. The top and bottom width of
the trapezoid are shown where w is the time widthvofithe time-of-flight
wheel slot. The time at the points on the trapezoia is a =0, b = hw/f,

c =w, d = (1+h/f)w.

Figure 27b. The gate function for two different particle velocities. For
each gate function h = 0.3, £ = 0.44, and w = 74 usec. This illustrates
how the ionizer length "smears' the time-of-flight wheel gate function.

Time t = 0 1is when the first particles start through the detector.
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Various functional forms in terms of number density distributions
such as a Maxwell Boltzman distribution or a nozzle distribution are used

for N(v) and the results are then compared to the measured distribution.
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APPENDIX 1
List of Apparatus Mechanical Drawings and LBL Numbers¥*

1. Vacuum Chambers

A. Source Chambers

outside side chamber ' 12N4294
side chamber stand : | : ‘ 12N4304
inside side chamber #1 o 12N4316
inside éide chamber i#2 ' 12N4326
side chamber #1 flange . 12N4232
10-20 adapter flange ,  12N4823
side chamber flange | 12N5263
'side chamber feedthrough flange | 12N5283
general side chamber feedthrough | 12N5332
high current feedthrough 12N5352

side chamber ion gauge feedthrough 12N5362
B. Collimation Chambers |
collimation chamber . 12N4114

C. Collision Chamber

12" 1ip flange for cold shield : 12N4062
6" 1ip flange for cold shield 12N4072
bottom lip of cold shield . 12N4083
rotating ring . 712N4093

*These drawings are filed at the Lawrence Berkeley Laboratory, copies of
LBL drawings whose numbers are cited here may be obtained by writing to
Lawrence Berkeley Laboratory, Technical Information, Building 90, Room 3118,

Berkeley, California 94720.
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main chamber stand ' 12N4104
main chamber _ L 12N4126
cold shield o 12N4136
bearing retainer ring B ‘ 12N4283
side.plate ' ' : 12N4623
liquid nitrogen feed elbéw . , 12N4633
side flange _ 12N4643
lid sprocket | : 12N4813
viewport holder R 12N5273
main chamber ion gauge feedthrough L 12N5372
ion gauge lead feedthrough l; 12N5382
main‘chamber assembly ' 12N6084
main chamber assembly top view : - 12N6043

D. Detector Chamber

detector rotating chamber 12N4146
gate hol&er ' : 12N4182
gate valve parts ‘ 12N4192
valve slide | © 12842042
fonization chamber S 12n4724
.iﬁternal gear support 12N5161
counter swivel " 12N5171
grip plate - 12N5181
gate valve drive assembly . 12N5192
counter support 12N5202

vernier support : . 12N5242
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ring vernier . v : 12N5252
liquid helium transfer tube | ' 12N5654
2. Sources
A. Nozzles
dovetail . . 1284212
géar support plate | ] 12N4222
dbvetail drive assembly | 12N4243
nozzle source assembly » 12N5413
slide rod support parts - 12N5422
nozzle dovetail fixture ° . : 12N5432
nozzle slide ' " - 12N5442
cooling shield and suppdft . 12N5452
nozzle feed ' 1285462
nozzlg _ 12N5472
skimmer | ' 12N5481°
nozzle skimmers» ‘ ) 12N6032
collar and gasket | T 12N5491
nozzle heater :, 1285501
slide rod support front plate B 12N6012
dovetail #3 | | 1286022
nozéie source ' ' '12N6073
B. Oven |
Bottom-copper block o 12N5511
top copper block B 12N556é

molybdenum crucible : . 12N5532
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Mo spiral heating mantle .. 12N5812
oven ﬁount - top SS plate ‘ 12N5822 )
oven support -~ horizontal motion 12N5863
oven mount - vertical motionv ‘ . ,12N5853 ’

C. General |
beam flag . 12N4252 !
beam flag holder 12N4263
beam flag assembly * 12N4273
bedam chopping wheel | 12N5581
solenoid support ' 12N5211 o | _ §
beam flag support ' . | 1285221 |
beam flag 2 ' - 12N523l
deflector wedgev | ' 12N5661
beam deflector flange . 12N5672

3. Detector

A. IJTonizer

alumina support rods o 12N4831

alumina rod holder , 12N4841 S
lens #2 : C 12ws) |
lens #1 | : o | © 1284861 '
filament tension éupport ‘ 12N4871 o oo
filament holder 1 12N4881 | ' §
filamént holder 2 12N4891 é
alumina spacers | 12N4901 _ §
electrical connector ' 1284911 ;

ionizer grid ‘ ~ : 12N4922
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ionizer shield
ionizer subport plate
ionizer assembiy

B. Quadrupole
quadrupole support flange
UBRV - quadrupole feedthrough

C. Scintillation Uniﬁ
scintillator feedthrough
high voltage cathode
high voltage insulator
plastic scintillator
support insert
inserting tool
exit lens #1

- exit lens #2

exit lens #3
exit lens support rod
suppoft nut
alumina spacers
alumina spacers 2
alumina spacers 3
sﬁpport ﬁlate
support nut 2
corona ball
photomultiplier holder

scintillator housing

12N4932
12N4943

12N4953

12N5612

12N5402

12N4963
12N4972
12N4982
12N4991
12N5001
12N5011
12N5021
12N5031
12N5041
12N5051
12N506l

12N5071

12N5081

12N5091
12N5101
12N5111
12N5121
12N5133

12N5144
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ion detector assembly

high voltage feedthrough

photomultiplier & photodiode feedthrough
4, Time of Flight

time of flight wheel support #1

time of flight wheel support f#2

time of flight wheel

time of flight guide

slide cover plate

time of flight slide

photodiode holder

photbdiode cover plate

P. C. board support

LED - holder

LED - support

time of flight holder
5. Alignment |

ionization chamber entfance slit

detector chamber #2 slit

collimation slit #1

collimation slits electrical connector

collimating slit #2

double collimation slits #1

double collimation slit #2

12N5156
12N5342

12N5392

12N5632
12N5622
12N5642
12N5711

12N5721

 12N5731

12N5741
12N5751
12N5761
12N577l
12N5781

12N5792

12N5602

12N5591

- 12N5682

12N5692

12N5702

12N5832

12N5842
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APPENDIX 2

List of Apﬁaratus Electronic Diagrams and LBL Numbers

Syétem wiring diagraﬁ MIBA —'Kathy 853175

Single vacuum interlock ' - 852803 -1
" NRC interlock N - 859993
Dual vacuum interlock o 855754
Dual liquid nitrogen trap filler 857252
~ Ion gauge 5 position switch paﬁei . 857392
High temperature oven power supply ' 887351
PML7AY Relay Panel B 1859012

NRC noninterlock gauge . 853102
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APPENDIX 3
Assembly Procedures
This appendix is dividedvinto subsections for the assembly of various
parts of this molecular beam apparatus. When assembling or disassembling
a particular part of the apparatus, the entire assémbly procedure should
be read before proceeding. Failure to do tﬁis may cauée extensive damage
to expensive parts. The aésembly procedures are listed in a éequential
form and in most instances references will be'made to an assembly figure
in this chapter‘or an LBL blueprint.
The following is a list of the asseﬁbly‘procedures cévered in this
appendix: |
1. General assembly sequence.
2., Main chamber leveling
3. Diffusion and mechanical pump installation
4, Collimaéing chamber installation
5. Rotating ring assembly
6. Detector chamber installation
7.  Cold Shield’inétallation
8. Deteétor pump installation
9. Detectbr assembly
a. Ionizer
b. Quadrupole
¢. Scintillation unit

d. Overall detector assembly
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10. Side‘chamber'and source wiring
ll; Nézzie assembly |
12. Beam chopper & beam flags .assemblies
13. Time?of—flight wheel assembly
1. General Assembly Sequence
When this molecular beam apparatus is assembled from its totally .
unassembled'conaition a‘certaih sequence of proceddres is necessary for
prOper.installation. The following assembly procedures must be done in
the order listed. All other assemblies may be done in any order.
"1. The main coilision chamber once on its stand must be leveled.
2, .The 1liquid nitrogen Baffles, diffusion éumps and mechanical
pumps that fit on the bottom of the main chamber must be in-
stalled,
3. The collimation chamber must be installed.
4. The rotating ring must be installed.
5. The detector chamber lid must be put in place.
2, Main Chambér Leveling
1. Move the main chamber, oﬁ its étand, to the desired location.
2. Using a machine levél (e.g. Pratt & Whitney) placed on the
rotating lid.bearing surface of the main chamber, adjust the
four levelihg screws on thetmain chamber stand until the main
chamber is level in all directions.
3. Diffusion Pump and Mechanical Pump Installation
1. Clean the liquid nitrogen baffles, the diffusion pumps and the
mechanical pumps according to the procedures listed in the

appropriate instruction manual.
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2. Refer to the rough outline sketch in Fig. II-28 for the relative
position of the baffles and pumps under the main chamber, . 'ﬁ
3. Place Kinney KC-15 mechanical pumps 1 and 3 in position as shown.

4. Bolt NRC 6" liguid nitrogen baffle into place.

5. Bolt the CVC 6" diffusion pump onto the NRC 6" LN, baffle with
the exhaust flange in the'posi;ion showﬁ in Fig. I1I-28.

6. Bolt the NRC VHS-6 6" diffusion pump onto the port hole for _ 3
collimation chamber 1 with the_exhaust flange in a pbsition as
shown in Fig. II-28.

7. Bolt the other NRC 6" diffusion pum@ onfo the porthole fdr
collimation chamber #2 with the exhaust flange in the positioﬂ

~ shown in Fig. II-28.
8. Bolt the CVC 10" liquid nitrogen baffle onto the 10" porthole

for the main chamber aligning the fill and vent ports as shown.

9. Bolt the 10" CVC diffusion pump onto the 10" liquid nitrogen ' _ g
baffle and align the exhaust flange as shown.
10.. Place the Kinney KC-15 mechanical pump in position as shown.

11. Fill the four diffusion pumps with Dow Corning 705 diffusion

pUmp oil. !
12. Connect the exhaust from the diffusion pumps to the intake of . %
the mechanical pumps as follows: | . .

NRC 6" D.P. 1 to Mechanical pump 1.

NRC 6* D.P. 2 to Mechanical pump 2. | E

The CVC 6" and 10" diffusion pump to MEchanicai pump 3. |
13. ﬁEbnnéct the cooling water to the fouf diffusion pumps. Then

connect the drain of each diffusion pump to the proper water
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interldck and connect the interlock to the watér drain.

Referring to System Wiring Diagram MBA ; KATHY (blueprint 8S3175)
wire ﬁhe 4 diffusion pumps and the three méchanical pumps. Refer~
ring to the same blueprint connect the apprqpriate wires to the
water and temperature interlocks on each diffusion pump. Also
conneét the NRC thermocouple vacuum gauge tube to the proper

vacuum interlock.

4, Collimating Chamber Installation

. The collimating chamber has four flanges that must bolt to three

different surfaces so patience is needed to install the collimation chamber.

1.

2.

Place the collimation chamber into the main chamber.

Shims must be placed between the flanges‘that connect each
chamber to its diffusion pump.and between 20 inéh flange of
collimation chamber 2. |

Cover the diffusian pumps so bolts‘or screws'Qon't fall in.
Gently maneuver the collimation chambér.into place and start
putting a few 1/4-28 socket head screws in the holes of all
four flangesf

Aftér‘seQeral screws .in eacﬁ’flange are started, put in as many
scréws as possible. Now start tightening all of the screws until
all four flanges are snug against the respective main chamber
surface. |

Careful attention should be paid to.make sure that the shim on
the 20 inch flaﬁge does not bloék the 20 inch hole in the main
chamber since this wili make it impossible to put the source

chamber in place.
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Rotating Ring Assembly

1.

Clean the O-ring grooves and the surrounding parts of the main
chaﬁber so that all surfaces aré free of dust and lint etc.

Rinse all of the surfaces with acetone and'réagent grade methanol.
Refer to Figs. II-1 and II-10 for the location and position of the

various rotating ring parts.

Turn the rotating fing upside down and lay it on a clean flat

surface. With extreme care, place the Kaydon bearing on the ro-
téting ring. The bearing ball spacer should be positioned so that
the.solid part of the bfass spacer 1s facing upward when the assem~
bly is placed in the apparatus.

Oncevthe beéring is in place, a .005 inch thick brass shim stock
musf be inserted all éround the rotatiné‘ring between the béaring
and the rotating ring as shown in Fig. II-10. THIS MUST BE DONE
TO PREVENT THE ROTATING RING FROM ROTATING OFF CENTER AND SCRATCH-

ING THE MAIN CHAMBER SURFACE AND RUINING THE O-RINGS.

Clean the rotating ring and bearing surfaces thoroughly with acetone

and reagent grade methanol.

Place the scraper O-ring in the groove on the rotating ring as

shown in Fig. II-10. Grease should not Ee necessary since there

ié only light contact between the O-ring and the main chamber-surf
face. | |

Carefuily place the_TEC—RINGS (No. A01926)>in the two main chamber
groovés. Extreme care must be taken not to scratch any of the Tec-
ring surfaces. Note the orientgtion of the Tec-rings iﬁ the grooves

in Fig. II-10, It may be helpful to heat the Tec-rings slightly to.
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fagilitate their installation.

Place the rotating ring and bearing in the proper position (such
that the detector chamber can be inserted without having to rotate
the rotating ring) over the main chamber.ﬂ Gently lower the rotating
ring into.the hole. If the assembly does not seat with gentle
t#pping, use 4 "C" clamps evenly spaced around the fing and clamp
between the'top of the rotating ring and the bottom side of the

top main chamber plate. Gradually tighten the four "C" clamps until

the bearing seats on its outside race. Make certain that as the

rotating ring starts to pass over each Tec-ring that the top of the

| Tec—riﬁg is against the side of the rotating ring and not under-

neath the bottom of the rotating ring.

Place the bearing retainer ring in place.and secure with the proper

bolts.

Detector Chamber Installation

1.

3.

The rotating 1id, ionization éhamber, 26 @in electrical feedthrough,
the quadrupole feedthrough,.and the 1 1/2 inch Ultek blank flange
should all be chemically cleaﬁed and passivaﬁed, rinsed with water
and finally reagent éfade écetone. |
Extreme care must be used in handling these clean parts in order to
prevent getting body oils on them. The parts should 6n1y be handled
using clean cloth gloves.

Clean the face sealing O-ring groove on the rotating ring so that

it is free of dirt and dust particles. Rinse the O-ring groove with

acetone and reagent grade methanol.
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11.

12.

13.

Clean the Viton O-ring and coat it with Apiezon L vacuum grease.
Place the O—ring'in the O-ring groove.

Check to see that the rotating ring is in the proper position.
Attach the wire rope cables to the 1lift holes and attach the hoist
hook making certain that it is not more than 10 inches above the
top of the detector chamber.

Lift the detector off the ground. Check to see that the detector
is suspended in a horizontal plane. Remove the support legs from
the detector. |

Lift the detector over the top of the main chamber and position the
two slots along the perimeter of the detector over the two pins in’
the rotating ring.

Gently. lower theidetecto; through the hole‘taking‘care not to bump
any surfaces. Once the slots reach the pins.lower‘the aetector.'
slowly the rest of.the'distance>while always making certain that
the detector is level.

Once tﬁe_detector ;s seated cover the detectdr'chamber holes to
prevent dirt from entering. | |

Remove the hoiéting feet from the detector chamber and place the
large gear in place'oﬁ top of the.rotating rihg. Position the gear
so that the missing teeth will not come in contact with ﬁhe chain
when the detector is rotated to its two extremes.

After the gear is‘on the rotating ring place.the 3/4 inch chain in
place and tighten the drive gear assembly.

For the installation of the ionization chambef see the alignment

section of this chapter.
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7. Cold Shield Installation

1.

2.

7.

Thoroughly clean the inside main chamber walls.

Méke a sling from the polypropylene rope and using the crane
place the cold shield in the main chamber.

Align the port holes in the cold shield with the holes in the
main chamber.

Raise the cold shield on its three stainless steel feet until
the top edge 1s'aé close as‘possible to the main chamber wall

without touching it.

.Put the liquid nitrogen feedthrough elbow in place. Connect the

gas venting tube to the metal gas vent tube which protrudes from
the Ultek flange on the 4 inch copper tube.

Connect the UHV flanges using a 2 inch copper gasket. All the
bolts must be put in to connect these flanges or the seal will
leak. |

Connect the liquid nitrogenbelbow flange (O-ring 2-364).

8. Detector Pump Installation

1.

Refer to Fig. II-29 for the relative orientation of the various
detector pumps. | |
Cleap off all of the ultra high vacuum flénge surfaces. Wear
cloth gloves while dding all ultra high vacuum assemblies.

Use 6 inch copper gaskets to make vacuum seals on the three ion

pumps.

‘Hoist the Veeco 225 1/sec ion pump (2) and place it in the correct

position over the port hole for detector chamber #2. With the

copper gasket in place, lower'the ion pump and bolt it into position.



Figure 1I-29. Top View of Detector Rotating Lid with Pumps and

10.

1l.
12.
13.
14.

15.

16.
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Feedthroughs.
Ultek 150 1/sec differential ion pump.
Veeco 225 i/sec Mag Ion pump.
Veeco 100 1/sec Noble gas pump.
Ultek titanium sublimation pump with cryoshroud.
Veeco E—beaﬁ titanium sublimation pump with cryoshroud.
Janis liquid helium pump. |
10 liter liquid nitrogen dewar (2).
Quadrupole electrical feedthrough.
26 - pin electrical feedthrough.
Photodiode feedthrough.'
Blank flange.
26 - pin electrical feedthrough;
High voltage feedthrough.
Photomultiplief feedthrough.
Gate valve control fee&through.

Blank flangé.
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XBL751-5445

Fig. I1-29.
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Assemble the Veeco E—beam titanium spblimator,(refer to operation
manual) and insert unit with cryoshroud info the ion pump and
tighten the ultra high vacuum flange.

Hoist the Ultek 150 1/sec ion pump(l) and place it in the correct
position over the port hole for detector chémber #1. With the
copper gasket in place, lower the ion pump and bolt it into posi-
tion.

Assemble the Ultek titanium sublimator (refer to operation manual)

~and insert the unit with the cryoshroud into the Ultek ion pump and

tighten the ultra high vacuum flange.

Hoist the Veéco 100 1/sec ion pump (3) and place it in the correct
position over the ionization.chamber flange. With the copper gasket
-in'place lower the ion pump into place and bolt iﬁ into position.
Piace a copper gasket on the top'flange of the Veeco 100 1/sec ion
pump (3). Lift the Janis liquid helium pump (6) to the top of the
apparatus. 'Cérefully place the liquid helium pump on top of the

100 1/sec ion pump and tighten the bolts to make a vacuum seal.
Place the Ultek UHV 1 1/2 blank flange over the hole above detector
chamber #1 (16).

Connect the copper wires for the quadrupole (2) and the high voltage
exit lens to the proper feedthrough and bolt into place (8).
Connect_thé wires for the ionizer and exit lenses to the correct
positions on the 26 pin feedthrough as shown in the ionizer assem—
bly section. Place the 26 - pin connector in the correct position,

check for shorts, and bolt into place.
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13. Connect the wires from the respective pbwer supplies to each of the
three i&n'pumps and two titanium sublimation pumps.'

14. Bolt on the photddiode feedthrough (10), the blank flange (11), the
26 pin feedthrough (12), the high voltage feedthroﬁgh (13), and the
photoﬁultiplier feedthrough._

15. Place ﬁhe 10 liter liquid nitrogen dewars in pos%tion and bolt down.

Detector Assembly - Ionizer

1. In assembling the ionizer refer to Fig. I1-30 or blﬁeprint #12N4953.

2. The detector parts should be chemically gleaned.‘ The metal parts
should be cleaned by cleaning procedure 2 and the alumina parts By
cleaning procgdure 3. The quadrupole and séintillator parts should
be cleaned at the same timé if they need cleaning.

3. Referfing to Fig. II-30 arrange all of the’pérts needed in the
ionizer assembly. Separate the diffefent size alumina spacers.

4. 1If the grid support is not wrapped with wire this should be done
now., —Use .010" platinum wire. Spot weld the wire to the end of
the grid suppoft and then wind the wire around the grid so the wire
lies.in the bottom of the V-notches. When the wire is all wound
spot weld.the other end.

5. Take the foﬁf alumina fod holders (2) and screw fhem.into the
ionizer support plate (14). Insert the four alumina rods (1) into
each of the alumina rod holders and tighten the set screws. The
alumina rod holders must fit flush against the ionizer éupport plate.

6. Place one 0.143 inch long alumina spacer (6) on each alumina rod.

7. Connect the two halves of lens #2 (3) using the two alumina pins-‘

Gently slide lens 2 over the four alumina rods and down onto the

alumina spacers as shown in Fig. II-30. -
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Figure II-30. Ionizer Assembly

10.
11.
12,
13.
14.
15.
16.
51.

52,

Alumina

Alumina

Lens 2a

Lens 1la

Support Rods (4)

Rod Holder (4)

and 2b.

and 1b.

Filament Tension Plate

Alumina
Alumina
Alumina
Alumina
Alumina
Alﬁmiﬁa
ionizer
Ionizer

JTonizer

Spacer - 0.143 inch long (4).
Spacer - 0.214 inch long (4).
Spacer - 0.073 inch long (4).
Spacer - 0.083 inch long'(4).
Spacer - 0.125 inch long (4).
Ring (5).

Grid.

Shield. ]

Support Plate.

Ceramaseal Electrical Feedthrough.

Assorted Springs.

Filament Holder Nut.

Filament Holder Screw.

!
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Place one 0.214 inch long alumina spacer (7) on each alumina
rod.

COnnect the two halQes of lemns #1 (4)iusing the two alumina pins.
Gently slide lens 1 over the alumina'rods‘in the position shown
in Fig. II-30, This should leave the slifs in each lens perpen-
dicular to éach other,

Place one 0.073 inch long alumina spacer (8) on each alumina rod.
Carefully slide the grid (12) over .the four alumina rods making
sure not to démage the grid wiring.

Place one 0.683 inch long alumina spacer on each of the alumina
rods.

Cut two ribbons of .0005 X .025‘lZ thoriated tungsten ribbon
about 3 to 3 1/2 inches long. Pass the ribbon through the hole
on each tab of the shield and spot weld the end of the ribbon

to rear of the shield. Make certain that each spot weld iS—‘
strong siﬁce the assembly steps from heré on will have to be
fepeated if a ribbon breaks.

With the two ribbons péssing through ﬁhé inside of the shield
start to slide thé shield onto the four alumina rods as shown

in the figure.  The rods will pass through the holes in the rear
plate of the shield fairly easily. It may be difficult to get
the rods to pass through the holes in the front plate of the
ionizer. By trying different orientafions of the shield the
holes may line up. If this doesn't work hold the shield in one

hand and try to move the alumina rods by rotating the pieces

already assembled.
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Assemble the two filament holders(51 & 52) on the filament
tension support plate (5).

Attach the four short spring sets with alumina rings (11) be-
tween the shield and the ionizer support plate. Attach the long
spring to the shield as shown in Fig..II;30.

Placevdﬁe aluminaISpacer 0.125 inch long (10) on each alumina rod.
Slide the two filaments through the filament holders in the fila-
ment tension plate. Check to see that tﬁe filaments are not twist-
ed. Place the filaﬁent tension plate over the four alumina rods.
.This step must be done at one time to gét equal tension on both
filaments. Connect the long spring from the shield to the fila-
ment tension plate. Hold down the filament tension plate so there
is tension in the spring. Now pull each filament taut and spot
weld it to the filament holder. After both filaments are spot
weldéd, gently releése the filament tension plate.

Using the stainless steel two set screw couplings connect the
respective ionizer elements to the proper feedthrough shown in
Fig. II-30. »The final connection to the filaments on the front

of the ionizer should be made with a flexible nickel wire.

Detector Assembly - Quadrupole

l.

The quadrupole alignment on the quadrupole édapter flange was
described in the alignment section of this chaﬁter. Briefly, the
axis of the four poles must be orthogonal to‘the front face of the
adapter flange. |

The assembly procedure of the quadrupole itself is listed in the

EAI quadrupole manual.
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Detector Assembly -~ Scintillation Unit

1.

Refer to Figs. II-31 and II-32 for the top view and cross section

view of the scintillation unit.

'All of the detector parts should be cleaned before starting the

assembly.

Afrange all of the parts on a clean surface and wearvclpthvgloves
while éssembling the parts.

Firét assemble the exit lens wnit. Insert the ﬁ'éupport rods (15)
into the support plate (28) and faétgn with nuts on the other side’
of the’support'platé. When  looking from fhe entrance to the exit
lens system the clqckwise order of the rods will be dénoted 3KV,
150 G, and ground. Blueprint 12N5156 shows the éosition of}the
various support rod in relation'to the rest of the unit.

With the support plate end resting on a flat surface place the
2.080 inch long spacer (26) on the 3KV rod, the 1.075 inch long
spacer (23)'on'the 150V rod and the 3.450 inch long spacer (27)

on the ground rod. Also place the 1.183 inch long spacer (24) on-
the 3KV rod.

Slide exit lens #1 over the rods and spacers and into position..

.. Place the 0.870 inch long spacer (21) on the 3KV rod the 2.233

inch long and the 0.980 inch long spacer on the 150V rod, and the
.980 inch long spacer on. fhe ground rod. |

Slide exit lems #2 into place and assemble the rest: of the spacers
and exit lens #3 as shown in Figs. II-SI‘énd 1I-32.

Secure the assembly by screwing the support n@ts (16) onto the end

of each support rod.
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Figures II-31 and II-32. Side View and Top View of the Scintillator Unit.

1. Scintillator Housing.

-
-

2, Photomultiplier Holder. | ' . L _
3. Plastic Scintillator (Pilot B).

4. Support Imsert. : : _ é
5. Parker Viton O-ring #2-25. i
6. EMI 9524S Photomultiplier Tube.
7. Scintillator Feedthrough.

8. High Voltage Cathode.

9. High Voltage Insulator.

10. Support Nut.

11. Corona Ball.

12. Exit Lens #1.

13. Exit Lens #2.

14, Exit Lens #3.

15. Exit Lens Support -Rod.

16. Support Nut.

17. Alumina Insulator (.125 long, 3KV).

18. Alumina Insulator (.125 long, 150V,_gnd.).

19. Alumina Insulator (.950 long, 3KV). . | ‘ .
20. Alumina Insulator (1;060 long, 150V, gnd.). ' .
21. Alumina Insulator (0.870 long, 3KV).
22, Alﬁmina Insulator (0.980 long, 150V, gnd.). ’ %
23. Alumina Insulator (1.075 long, 150V). |

24. Alumina Insulator (1.183 long, 3KV, gnd.).
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30.

31.

-141-

Alumina Spacer (2.233 long, 150V).
Alumina Spacer (2.080 long, 3KV).
Alumina Spacer (3.450 long, gnd.),
Support Plate.

Locating Pin.

10-32 X 3/8 Allen Head Screw.

5/16 - 18 X 2 Bolt.

@
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ION DETECTOR ASSEMBLY
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Fig. II-31.
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Top View

ION DETECTOR ASSEMBLY

XBL75I-5447
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Carefully place the assembly into the scintillator housing (1)

and position.the support plate over the two locating pins. Use

‘two 10 - 32 X 3/8 allen head screws to fasten the exit lens as-

sembly in pléce;

Pla;e the high voltage insulator (9) on the high vdltage feed-
ﬁhidughhrod‘of the scintillator feedthrough (7) as shown. Screw
thé:support nut (10) onto the rod. -Carefully.take the aluminum
coated high voltage céthode'(B) and screw it onto the:high-voltage
rod.

Carefully put the high'voltgge assembly in an upright position
and’gently’iower it into the scintillator housing after placing
the 4 inch copper gasket in place. Tighten the two flanges to
ﬁake a seal. |
Place the Viton O-ring (5) in the phétomultiplier holder (2).

Support the plastic scintillator (3) on a 5 inch long rod with

the aluminumized side facing up. Slide the photomultiplier

holder (2) over the plastic scintillator'until the scintillator
geats in the proper position, Make sure that the Viton O-ring
remains in place. Turn the photomultiplief'unitbover so the
plastic will remain in place.

Inserf the support insert with the special tool and tighten the
insert until the aluminized surface makes contact with the photo-
multiplier holder housing. |

Place a coppér gasket in the flange groove and bolt the photo-
multiplier holder into the scintillator housing.

This completes the assembly of the scintillation unit, Put
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aluminum foil over the entrance flange to keep dirt out.

9d. Detector Assembly - General

l.

This assembly assumes that the detector chambers have already
been aligned. For alignment procedure see the alignment section
of this chapter,

Plaée the assembled ionizer in the ionization chamber with the
electrical feedthrough on the upper portion of the support plate.
Bé careful not to bump the ionizer againét the ionization chamber
when inserting it. The ionizer plate will locate the ionizer in
the correct position. Fasten the support plate to the ionization
chambér using six socket head screws which have a hole drilled
through the center and which have been chemically cleaned.

Uéing the figure of the ionizer connect.the éppropriate wire from
the 26 pin.feedtﬁrough (given in Table II-12) to respective feed-
through.” Remember the figure is looking from the inside of the
ionization chamber nmot the outside. The wires from the feedthrough
are bare copper and they>are spaced by alumina spécers.

Place the quadrupole filter in its proper position over the locat-
ing pins .on the rear of the ionizer support plate. Using the four
appropriate screws fasten it in place. | |

Connect the two quadrupole leads to the éuadrupole mass filter.
Mounf the assembled scintillater unit on é lab jack and align the
detector chamber flange with.the scintillation unit flange. Place
a5 inch copper gasket in place. Now make the two final electrical
connections to the low voltage exit lens elément and the high vol-

tage lens element. Move the scimtillation unit onto the locating
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Table II-12. 26 Pin Feedthrough Connections for Detector.

Pin . Element

B _ Low voltage exit lens.

C - : Filament supply remote sensitivity - neg.
D i ‘Shield.

E ' Grid.

F Filament #2.

G , Focus 1 A.

1%) Focus 2 B.

X ' Filament #1.

Y _ } Filament supply remote sensitivity - pos.
Z Focus 1 B.

d o Focus 2 A.




10.

pins and up against the copper gasket. Af;er making sufe the
copper gasket is in place ﬁighten the flénge bolts. Check for
shorts. |

Bolt the blank flange in place on the bottom of the detector
chamber.

Connect the quartz insulated high voltage.wire to the high voltage

cathode feedthrough securing it with the corona ball.

Side Chamber and Source Wiring

1,

The_configuration'of the outside source chambers ié shown in Fig.
II-3. All the large seals are made with Parker 2 - 39010-ringé.
The inside source chamber BOlts into place using 12 3/8 = 16 socket
head sérews; The seal is made between the inside source chémbef
and the main cﬁamber.

The outside source chaﬁbér can be rolled up to and gway from the
inside.source chamber. It isifastened with 12 1/2 - 13 cap screws

which pass through the inside side chamber and intc the main chamber..

: The‘seai here is made between the outside source chamber and the

inside source chamber.

Thé electrical connections and gas and mecﬁanical connections must
be discbnnected'befofe rolling the source chamber back.

After the source is aligned fhe outside source chamber_is rolled
up and bolted on.

The configuration»of the feedthroughs for each source chamber is
shown in Fig. II-33.

After the chamber is bolted on the gas inlet»tube and the cooliné
or heating fluid tubes should §e conneCte& using the appropriate

Gyroloks.
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Figure II-~33. Feedthrough Location on Source Chamber Feedthrough Flanges

TG -~ 75 Ion Gauge Tube

Nozzle Skimmer Distance Drive

Nozzle Source Vertical Control

26 - Pin Electrical Feedthrough

Gas Inlet

Nickel Thermocﬁuple Feedthrough Tubes

High Current and Cooling Water Feedthroughs for High Temperature Oven

- Chromel - Alumel Thermocouple Feedthroughs

Nozzle Fluid Temperature Control Inlet and Outlet

Main Source Chamber Feedthrough Flange
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Fig. II-33.
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8.

9.
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The mechanical feedthroughs for nozzle adjustments must be made.
Connect the source chamber electrical connections to the appro-

priate position on the terminal strip as shown in Fig. II-34.

Nozzle Source Assembly

1.

For assembl& of the nozzle source refer to Fig. Ii—23 and blue-
print #12N5413. The alignment of the nozzle source is covered in
the alignment section of this chapter.

Assemble the nozzle slide (2) and place ié on the nozzle slide
support (1).

Screw the skimmer (12) to be used onto -the front plate of the
nozzle slide support. Bolt the dovetaii (3) in place on the source
chamber inside face. Bolt the nozzle slide support (1) onto the
dovetail. The skimmer oriface must now'be aligned by moving the
dovetail. When the skimmer oriface is aligned properly, tighten
the dovetail slides so the dovetail will not slide.

The nozzle has three main pieces - the cooling chambers and nozzle
support (4), the nozzle féed (6), and noézle chamber (7). The
nozzle chambers are interchangeable and a set of 8 nozzle chambers
with different oriface diameters érg made. The oriface for.ﬁost‘is
in a .001 thick nickel shim (9) which is sealed with a fine knife
edge seal. These seals should not be broken since the ériface
shim may not reseal again. An indicatqr should be used when tight-
ening the oriface cover (10) over a shim (9).

The nozzle feed tube (6) slides througﬁ nozzle support (4) to allow
the nozzle chamber (7) to be bolted on to the nozzle feed. Thé

seal between the nozzle chamber and the nozzle feed is a knife edge
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Figure II-34., Source Chambers Electrical Connections

All numbers refer to location when looking at the'connection side of the

terminal strips.
Chamber 1

A3 To alumel ﬁhermocouple feedthrough 1

A4 To chromel thermocouple feedthrough 1
A5 To alumel thermocouple feedthrough 2
A6 T§ chromel thermocouple feedthrough 2
Bl Phoéotransistor {1

B2 Phototransistor #2

B3 One return leg for hysterysis motor
B4 Blank

B5 Heater

B6 Heafer

Cl To one pole of motor

c2 One return leg for hysterysis motor
Cc3 To other pole of motor |

c4 Beam flag

C5  Beam flag

C6 LED power
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Figure II-34 (cont'd.)

Chamber 2

A3~>A6 To nickel thermocouple feedthroughs

Bl Beam flag

B2 Beam flag

B3 Collimating slits
B4 Collimating élits
BS Heater

B6 Heater




Chamber 1

Chamber 2

XBL 751-5464

Fig. 1I-34.



12.

-154-

seal utilizing éither a nickel or copper gasket. The séréws pass
through the rear of the nozzle feed ;nd screw into the nozzle
chamber. After the nozzle chamber is fastened, fhe nozzle feed

is pulled back until its located pins seal in the holes of the
nozzle Support.‘ A retainer ring in the'pack of the nozzlé support
is tightened to hold the nozzle feed in place.

6. Thé ;ssembly is now placed in the nozzle slide and the édjusting
_screws tightened. See the alignment section for how to position
ﬁhe nozzle oriface.

7. AAfter the nozzle has been aligned the heater (lli with .020 inch
diameter tanfalum wire insulated with .110 inch diameter ceramic
beads is slid over the nozzle chamber and fastened in place with
its éet screw,

8. Place the thefmocouple into the thermocouple»hole in the front of

v the nozzle chamber. Secure the thérmocouple leads with copper wire
so the thermocouple does not come out of_the’hole;

9. Assemble the—reér nozzle support on the cross bar in the inside
source chamber,

Beam Chopper and Beam Flag Assémblies

1. The beam chopper and beam flag for‘beam 1 are in bne unit shown
in blueprint 12N4273. The entirevunit must be assembled and the‘
electrical sensing unit put in place and thenvattached to the front
of inside source chamber #1 before inside source chamber #1 is iﬁ—
stalled in the apparatus. _ |

2. To assemble the unit place the four rolier bearings (PIC E4-8) in

place. Put the upper and lower shafts through the bearing in the
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back plate. On the lower shaft put on a spacer, a gear with hub
toward rear plate, the chopping wheel withvhub toward rear plate,
a shaft lock'ring and a spacer. .On the upper shaft put‘on a
spacer, a gear, a shaft locg ring and a spacer. Now place the top
plate with the two bearings over the end of each shaft and fasten
the plate down. Align the gears and the chopping wheel and then
secure the set screws in gears, chopping whee; and shaft lock rings.
Spin the upper shaft. The assembly should spin freely andzcoast for
15 to 30 seconds.

Now insert the beam flag and attach it to the solenoid (Delt;ol
type D-30)."Attadh the solenoid to therrear plate.

Screw the LED onto the rear plate and place the printed circuit
board with the two phototransistors on front plate. Adjust the
phototransistors so the bottom one will turn on or off when the
beam .turns off or on.

Connect the wires from the solenoid, the LED, aﬁd phototransistors
to»thé_feedthroughs on the source chamber feedthrough flange.

On the source side.of the inside side chamber hook up the hystery-
sis motor to the upper béam chopper shaft. Use one universai cou-
piing and one coupling that will allow the shaft to expand in the
coupling. -

Test the beam chopper, the phototransistor signals, and the beam
flag. |

To assémble the beam flag for beam 2 screw the solenoid onto the

solenoid plate and the plate onto inside source chamber #2. Screw

" the beam flag and beam flag guide onto the front of the inside
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source chamber. Connect the solenoid to the beam flag using nylon

string.

13. Time of Flight Assembly

1.

2.

Bolt the time-of-flight motor into place- as shown in Fig. II-1.
Carefully put time-~of-flight wheel on the mbtor shaft.

Referring to Fig. II-35 assemble the holder for the iight bulb, the
photodiode and the discriminator. The photodiode should be placed
in the photodiode holder (7) and then the leads of the photodiode
should be passed through printed circuit board hélder (8) and :heée
two parts and the photodiode cover plate screwed together. The

printed circuit board with the discriminator is then mounted on

~the back and the photodiode leads soldered to the P.C. board.

Bolt the time-of-flight siide guide (10) to tﬁe bottom of the motor
support fork. Slide the photodiode assembly into the guide.

To a&just the parts position the time-of-flight wheel as close as
possible to the detector without touchihg it. Then adjust the time-

of-flight slide guide so the time—of—flight'wheel will pass between

| the light bulb and the photodiode. Move the photodiode aésembly to

the proper height on;ﬁhe wheel.

Connect the discriminator output to the proper feedthrough. Coﬂnect
the discriminator power supply, the time-of-flight motor and the
light bulb to the proper pin on the 26 pin feedthrough as shown in

Table II-13.

14. Gate Valve and Gate Valve Drive Assembly

1.

Clean the gate valve slide groove and O-ring groove on the detector,

the valve slide, and the valve cover.plate.




Figure II-35. Time-of-flight Assembly

1. Time~of-flight holder.

2. Slidevcovér plate.

3. Time-of-flight slide.

4, Photodiodé Holder.

5. Photodiode cover plate. -

6. Light bulb holder.

7. Photodiode.

8. Printed Circuit Support.

9. Printed Circuit - disciimidatbr.

10. Time-of-flight slide guide.
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XBL 751-5470

Fig. II-35.



Table II-13. 'Time-of-Flight Electrical Connectioné

Motor Drive Supply ' Terminal Feedthrough Time-of-Flight
Location Strip # Pin Connection
i) 1 E TOF Motor ~ Yellow
. i Low
Y 2 D TOF Motor - Grezen
v K) F TOF Motor - Black
X 4 Y TOF Motor - White *
Z 5 X TOF Motor - blue
High
w 6 C TOF Motor - red :
D 7 G Photodicde (-6.7) - purple
E 8 Z Photodiode (+5) - orange
F 9 d Light bulb (brown)
M 10 W Ground
aa 11 B Discriminator trigger

level (Yellow)

-6G1-

©



Cleaning

I.

II.

III.
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Insert the Tec-ring (#CR-012-CS-0F) into the O-ring groove iﬁ the
detector, placé the géte valve slide in'the groove, and sérew fhe
gaﬁe ﬁalve cover plate'into_place.
Slide the gate valve drive rod through the Cajon fitting on the
lid. Screw the drive féd through the valve slide and ‘seat the
bottom of the shaft in the hole of the vélve cover. Secure the
éhaft‘with the cover plate.
Using Fig. II-36 for reference assemble the gate valve drive and
indicator assembly.
When the gate valve opening is aligned (see alignment section qf
this chapter), set the counter at a givén valve and tighten down
the counter so the spur gear (2) and the iﬁtérnal geaf mesh. Move
the gaté valve until the small diameter hole is aligned and note
this number.- These two numbers will be used to align the detector
entrance hole so care must be taken that the gears will not slip.
Procedures -
See F. Rosebury, Handbook_of Electron Tubes and Vacuum Techniques,
Addison Wesley Publishing Co., 1965. See bage 15; procedure SS-1.
For cleaning pr;cédure see page 3f17 of the EAI Quad 250 Residual
Gas Analeér Manual. The acid solution is:

807 Deionized water

10% Hydrogen peroxide

10% Formic acid.
For alumina parts use a chromic acid cleaning_solu;ipn. Seé F.
Rosebury, Handbook of Electron Tube and Vacuum Techniqués,’AddiSOn

Wesley Publishing Co, 1965. Refer to page 5.
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Figure II-36. Gate Valve Drive and Indicator Assembly

1.

2.

10.

11,

Veeder Robt small counter series 1141 - 10 counts rev.

20° spur gear, 12 teeth.

20° internal gear, 48 teeth.
Internal gear support,
Pinion, 32 pitch.

Collar.

Gear, 32 p&tch 1.00 P.D.
Counter support.

Grip plate.

Counter swivel,

Cajon fitting.
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ITI. TINTERMOLECULAR POTENTIALS OF CH, + ARGON AND

NH3 + ARGON FROM ELASTIC SCATTERING MEASUREMENTS

A. Introduction

Since the‘advént of modern chemistry, the study, measurement and
use of intermolecular potentials have always been at the foundation
of the understanding of chemical properties and the dynamics of
chemical systems. Much of the statistical theory on the properties and
behaviér of gases and liquids is predicatedon atom or molecule pair
interactiéns. So in order to test, and ultimately utilize, these
statistical theories it is hecessary to obtain intermolecular
potentials as accﬂrafely as possible. These intermolecular potentials
can then be used in the statistical theories Fo predict observable
values which can thén be compared with experiﬁental values. Accurately
known intermolecular potentials also are 6f interest in the area of
chemical physics. Here accurately measured intermolecular potentials
can be compare& to calculated potentials, thus, allowing the scientist
to feel confident that he is gaining more insight into the workings
of nature.

The prbblem of determining the iﬁtermolecular potenfial of pair
interactions has been the concern of the experimentalis; for many
years. Many of the ekperimental vaiues in the literature for a wide
range of atomic or molecular pairs have come from transport phenomena
of dilute gases, second virial coefficient measufements, and
spectroscopic measurements.. When spectroscopy can be done on a bound

pair, very accurate intermolecular potentials can be obtained in the
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region of the bdund states. By measuring the teﬁperéture dependencg of
trahsport properties such as self-diffusion, thermal diffusion, and
viscosity, and the temperature dependence of the secdnd virial _
coefficient, values‘for different forms of intermolecular potential

on a large ndﬁber of systems have aléo been obtained. These measure-
ments haﬁe provided potential parameters on many systems but the éccuraCy

of the measured values and the agreement of potential parameters for

a particular system’were not always in good agreementAwhen measured
by different transport properties (although there is little reason .

to éxpect thege to be exact agreement).  Since the-interpretation of
transﬁort p;operties of a gas are based on bimolecular collision
dynamics at low pressure it is reasonable to expect that a good method

of_measuring’the intermolecular potential would be by observing the

scattering of the individual molecular pairs.. Crossed molecular
beams thus prbvide an exqellent means for obtaihing very accurate
intermolecular:potentials.

Several different features of scattering yield information on . E .
different parts of the,ihtermolecular potential.‘ Classically, the
measurement.of the total cross section vs. the collision energy at low

energies will give information on the long range part of the potential.

Measurement of the differential cross section in arbitrary units at
small scattering angles gives the exponential behavior of r, inbthe
long range potential term and the wide angle scaptering gives the form
of the repulsive wall. A reasonable estiméte of the well depth, €, : ' %

can be obtained from the position of the'rainbow, classically.
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Semiclassically the presence of interference terms from different
branches of the deflection function’which produce undulations in the
differential cross section are very sensitiveé to the intermolecular potential.
The glory undulations in the total cross section meaSuremenﬁs are also
very sensifiVe to the potential.

Very accurate intermolecular potentials have been obtained by
many'different molecular beam groups. The first extensive studies
bf elastic séattering systems.were done on‘the alkali metals with
a wide variety of different gases. A reviewiof this Qork is given by
Bernstein and Muckerman.2 Another group of atom—afom pairs that has
been successfully and extensively studied are the rare gas elements.g-7
The resélution of quantum oscillations in these systems has Yielded
highly accurate intefmolécular potentials. A further extension of
elastic scattering work in recent yéars has been into the field of
atom-molecule pairs and molecule-molecule pairs. Differential cross
sections have been measured on several diatomic-rare gas systems.8"ll
Generally, only the rainbow angle has béen resolved in most of these
measurements. This has given reasonable estimates of the well depth,

g, of the potentiais but not very accurate values for the range

parameter, ro Differential and integral cross sections have also

7,12-16 17,18

been measured on polyatomic-atom and molecule-molecule pairs.

s12,15,16,17

In some case the rainbow angle was measured and in another

only the slope of the narrow angle fall off. Oscillations in the

H2, and D, with polyatomic molecules have been reported.18 -Several

2

difficulties are encountered when attempting to study the elastic

scattering of molecule-atom or molecule-molecule pairs which tend to
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average out some of the extrema definition of the angularvdistribution,
thus, substantia11y decreasing the accuracy of the information that
can be extracted. The two important averagiﬁg effects in systems
which do not undergo chemi;al reaction are (1) a variation of the
intermolecular'potential for separate collisions due to the anisotropy
of the potential éfvthe molecule and (2) the possibility that the
molecule may undefgﬁ rotational transitions due to ;he collision.

In order to study those effects it was decided to measure both
the elastic and rotationally inelastic scattering of’a series}of
'hydride moleéules - CH4, NH3, and HF. These mélecules have several
properties which, if effectively studied, would giye‘information
regarding the effect of anisotropy and rotational transitions on
the scattering. These three molecules provide a vafying degree
of symmetry and a variation in the dipole moment. They also have
relatively large rotational energy level spacings so that at least the
higher rotational energy transitions can be studied with time-of-flight
ahalysis. One problem with studying tﬁeée molecules is that the mass
6f each (HF to-a lesser extent) lies in the region of the mass.
spectrum where background is moderately high, making it some what
more difficult to collect data;

-A, NH

The systems to be run first were CH -A and HF-A. While

4 3
at Berkeley only the elastic scattéring of the first two, CH4—A and
NH3-A, were completed before the apparatﬁs had to be disassembled

and moved. This chapter presents the results of these two interactions.




These elastic scattering measurements have also demonstrated
the high resolution of the apparatus and have shown that there are

no sYstematic errors due to viewingvfactor effects (see Chapter II).

B. Experimental

The experimental'arrangement_of thg apparatqs for these measure-
ments is the same as described in chapter 2. The primary beam, which
is the species being @etected after scattering, is formed in source
" chamber 2 and the crossed beam, argon for thesé experiments, is
formed in source chamber 1. Both beams are nozzle sources with the

Mach numbers for the primary beam (NH, or CH4) between 7 and 10

3
and a much number of 20 for the crossed argon beam. The Mach numbers
were measured by the fitting technique described in chapter II and the
relative collision energy, g, is calculated using the veloéity at the
peak of the calculated nozzle distribution for each beam. The beam
conditions for the differenﬁ éxperiments are given in Table III-1.
The double set of collimating slits were used to form the primary
beam and the singlé collimating slits were used to form the crossed
beam (the different slits are described in chapter II). The argon
beam was chopped at 55 Hz and the signal was recorded by dual counters
and stored iﬁ thé PDP—SE computer.

Each experiment was run two'or‘three thimes. éountihg times
for eachrangle between 3 and 10 degrees were 40 secondé of which

20 seconds were with both beams on and 20 seconds were with the

argon béam flag on (argon beam off). For angles between 10 degrees



Table III-1.

Elastic Scattering Beam Conditions

System
Primary-Crossed

Temperature
Primary Crossed Primary-Crossed

Pressure.

Beam Width

(FWHM)

Mach #
Primary-Crossed Collision-Energy

Relative

(°K) (Torr) Primary-Crossed (10'14ergs)
CH4—Ar 295 295 760 760 1.3 1.5 8.0 20 14.0
CH, -AT 295 220 480 750 0.6 1.5 10.0 15 13.4
NH ,-Ar 295 295 400 750 0.6 1.5 7.2 20 13.8

-0L1-
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aﬁd 30 degrees the counting'fime was either 80 or 120 seconds half
of which was beam flagged. After taking measureﬁents'at 2 to 4
differenﬁ:angles, the sigﬁal at the reference angle? 10 degrees, was
measured so that all the data could be time normalized to this value
to correct for drift in béam intensitieé and detector sensitivity.
The standard deviation of the reference angle at room temperature
(295°K measureﬁ with a thermocouple) was 4.1% for the CH4—argon

system and 5.47% for the NH,-argon system.

3
‘Since the intermolecular potential ié essentially independent
of the relative collision energy, an excellent method for prpviﬁg the
uniqueness of a particular intermolecular potential is to measure
angulér distributions at‘two different collision energies. The
partiéular intermolecular potential should give the best fit to both
angular distributions. |
In order to change.the relative coiiision éﬁergies of thé
systems the crossed beam argon nozzle was cobled.byvpassing chilled
nitrogen gas through the cooling chambers on the nozzle. The nitrogen
gas was céoled by flowing it through copper coils immersed in liquid
nitrogen outside of the apparatus. The temperature of the nozzle
could be regulated, but not very well, by controlling the rate of
flow of the gas through the system. The temperature wés measured
by a thermdcouple.iq the wall of the nozzle chamber. - Since regﬁlatién
of the chilled gas was nof precise the temperature of the argon nozzle

varied *15 degrees over the course of the experiment. There was also
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a decrease by a factor of 5 in the scattered signal 6f the lower
temperature. With these problems, the standard deviation of tﬁe low
temperature (220°K) CHA—argon reference.poiﬁt is 21%}

The detectof was opera;ed with_the same slit dimensions and

ionizer conditions listed in chapter II.

C. Data Analysis and Results

The analysis of croésed molecular beam éngular distributions
from elastic scatﬁering has been treated‘extensiVely in many pléces
(for example see reference 19). The following is just a.brief
 summary of the methods used to analyze molecular beam angular
distributions to obtain ihtermolecular potentials. |

The binary collision can.be reduced to.the one body central
potential problem. Figure III-la sHOWS a collision bf this type
where the mass §f!the'one particle is the reduced mass u = mlmz/ml+m2,
b is the impact parameter, r is the intermolecula;‘distance, Qﬁ is
the orientatioﬁ at the distance of closest approach, and X‘is the
angle wﬁichbthe pafticie is scattered through. The velocity vector
or Newton diagram for a typical crossed'molecular.beam expériment
is shown in Fig. III-1b where 51 and 62 are the velocities of eacﬁ
beam, E and Gcm are the center-of-mass velocitf vector and angle
respéctively, Ui and Ué are the center—éf—ﬁass velocities of each

3 is the center-of-mass velocity vector of the molecule

scattered through a center-of-mass angle X. © and V3 are the laboratory

angle and velocity vector for a particle scattered through an angle

beam, U
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a) A bimoiecular elastic collision reduced to the one
body central force interaction. The particle of reduced
mass 1 approaches at an impact parameter b with a velocity
E. The particle has -a closer approach of ro and is

scattered through an angle ¥ and leaves with an impact

parameter b.

b) A velocity vector or Newton diagram representing the
collision of two particles (beams) at an intersection

angle of 90° with velocities of V, and V Eris the .

¢
center—of -mass velocity and ecm is the center-of-mass

angle. The center-of-mass velocities of each incident

particle are 3, and>3- The particle is scattered through

2
the center—-of -mass angle X and the product has a final

3'(U3=Ul for elastic scattering).

The measured scattering angle in the laboratory system is

-
center-of-mass velocity U

H and the velocity is 63.
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X in thé‘center—of—mass. For'élastic scattering ﬁ3=U1 and the
scattered intensity vérsus lab angle O.is measured. Figure III-2
shows the angular distribution for CH4 + Ar'at‘a collisioh energy
of 14.0X10_l4 ergs and Fig. III-3 shows the angular distribution
for NH3+Ar at a collision energy of l3.8><l_0—14 ergs. The error
bars indicate the reproducibility of the results.

In Figs. III-2 and III-3 the angular distribution is actually
a plot of the lgboratory number density NL(O) against the 1lab angle
(©). To determine the intermolecular potential from this data,
the angular distributions will have to_ge calculated for a given
intermblecuiaf potehtial and then compared to the measured angular
distribution. This ié then repeated for othef intermolegular potentials
until a best fit is found. To comparé the ﬁeasured laboratqry data
with the calculated data, it is necessary to use the Jacobian of
transformation from the center-of-mass to laboratory.coordinate

system. With the LAB number dénsity NL(O), the LAB flux, IL(O), and

the center-of-mass flux I _(x) the relation iszo

cm
e | o -1 2,2
NL(G)) v3 IL(@) v, [V3/U3 cos(U3,v3)]1cm(x) (1)
where V3 and U3 are the scattered velocity vectors shown in Fig. III-1b
and (U3,V3)vis the included angle between 33 and 33. So in order to

calculate an angular distribution to fit the data the center of mass

flux must be calculated.
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The measured angular distribution of CH4 + Ar with the

CH, product being detected. The error bars indicate one

4

standard deviation calculated from the background counts

of the measurement.  Points with no error bars have standard

deviations smaller than the symbol. The collision energy

is 14.0x107 1% ergs, r =3.82 A, and B = 7.05.




(ARBITRARY UNITS)

LAB NUMBER DENSITY

U U U gy 2 U 7

U 9 9
-177-
IOGETII TTI lrjl‘l LI ll rett [Tfl‘l | L l] Vil l:
| CHg +Ar 7
- - MSV N
. E=14.0x10"%rgs  _
I()ES:T' —
- 7
i i
B B
- N
04— .
N -
- -
|Cf3‘ TR Nl TRl RN NN ol

o

5 10 I5 20 25 30 35
LABORATORY ANGLE @ |

XBlL 754-6062

- Fig. III-2.



Fig. ITI-3.

-178-

The measured angular distribution of NH3 + Ar with the

NH3 product being detected. The error bars indicate either

one standard deviation calculated frombthe background counts
or the standard deviation of seyeral pqints measured at one
angig whichever is larger. Péints with no error bars have

standard deviations smaller than the syﬁbol. The collision

4

ehergy is 13.8x107T ergs. The solid line is the best

calculated distribution using an MSV potential with

€ = 2.21x10" 1% ergs, r = 3.93 A, and B = 8.45.
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The differential cross section may be calculated either
classically or quantum mechanically. The expression for the angle
of deflection X is classically given by

' _ w -A dr :
1 -- - — .

Cc r E 3
r

where b is the impact parameter, rc is the distance of closest approach,

V(r) is the potential energy, E = %-ugz, and r is the intermolecular
separatibn} Introducing reduced variables in terﬁs of the well depth
of the potential € and the position of the bottom of the well r we

have

X ,=.r/r-1-n; B = .b/rm_ | f£(x) = V(r)/e

K = E/e

and the angle of deflection can be written as

X(K,8) = m-28 f X
: 2 f( :

The deflection angle as a function of reduced impact parameter for a
Lennard—Joneslz’6potential is shown in Fig. ITII-4. The differential
cross in classical mechanics is given by

b,

I = ) L __ W
_ E siny ax
i dbi
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Fig. III-4. The center-of-mass deflection angle, ¥, is shown as a
' function of the reduced impact parameter, B, for two
different reduced energies, K. Since positive and negative
angles cannot be distinguished in these measurements,

s illustrates how the intensity measured at a
particular angle can come from contributions at different
impact parameters. The rainbow angle comes from scattering
in the region of Br. :
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This illustrates two effects seen in séattering:‘ one wherevx goes

to zero and the cross section has a discontinuity classically which

is glory scattering and the other more commonly seen rainbow‘scattering
where ldx/db| goes to zero. The impact parameters that correspond

to rainpow scéttering are at‘ﬁr'in Fig.FIII—4. Claésicélly thé total
diffefential cross section at a particular angle is the sum of
differential cross sections for each branch which contfibutg to the.
scattering at a particular angle. This makes it classicaliy impossible
to thaih a unique V(r)xfrom I(x). For the differential cross section
at fhe angle shown in Fig. III-4 the fotal differential cross section

at that anglé would be

Iiopa1 0 = I;00 + 1,00 + 1300 e N )

So classical mechanics prgdicts discontinuities at the glory angle
(0, =m, £27 ﬂ..) and at the rainbow angle. It also does not allow
. for interference effects between different éontribpting branches at
each angle. To treat these prdblems it is necessary to use a quantum
mechanical treatment. |

.In the quantum mechanical treatment of the scattering problem
the scattering is represented by a wéve fﬁnction.of the form

ikr ' '
u; = eikz + _f_gx.)_e—.-. ‘ (6)

r

where eikz represents the incoming plane wave traveling in the z
direction and f(x)eikr/r represents the ohtgoing scattered wave.

The differential cross section in this case is given by
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- 2 ' .
I,Cm(X) = |£(0)| ™

The scattering amplitude for this problem has been shown21 to be

o .
v 1 v .
£ = 2: (2% + 1) (exp(2in,)-1) P (cosy) - (8)
2ik =0 L '3

. . . . ] i
where £ is the angular momentum quantum number, k is the wave number
(k = mv/h, Pz(cosx) are the Legendre polynomials for each £, and ur
is the phase shift. In practice the summation is performed ﬁp to
some value of £, zmax’ which is the value of % for which the phase
shift is less than .00l radians. The differential cross-section can

then be written as

. 0 . 2.
Icm(x) = ;%— éz: (22+1)exp(in2)sinng Pl(cosx) R ’ €))
=0

It is therefo:e only necessary to calculate the phase shifts.in order

to obtain the differential-cross section and finally the angular
~distribution. To calculate the phase shifts nz for each quantum
angular momentum numbef 2, the‘semiclassical JWKB phase shift method
was used. This approximatioﬁ ﬁses less computer time than the numerical
“integration of the Schrodiﬁger equation. The two systems studied have
de Broglie wavelengths of apprqximately 0.2A so the JWKB apﬁrokimation
is valid for these systems. The JWKB phase shifts werékcalculated

by tﬁe Gaussian'inﬁegration method éf Munn and Smith.22 The quantum

- mechanical formulation now gives;rise to interferénce effects between

the different branches, Bl’ 82, and 83 in.Fig. I1I-4. This gives
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a differential cross section of

, 2
Ia00 = [£,00 +£,00 + £500]

This effect has beenvsdlved by stationary phaselgvto give expressions
for the Jb'.nterferen’ce patterns.

Before proceeding to the determinatién of the intermolecular
potenti#ls, the velocity and angular resolution averaging should
he outlined. The experimental angular distribution is ﬁeasured with
beams fhat.have a distribution in vélocities and a detector that does
not have'infinite reéolution. Basically, the méasuféd data can be
represeﬁted by3' _ .

N © = faorn@-0" fav, favn (v)n,(v,)V
x [vy/ vl cos(uy,v )] T (6V) \ . ao

where Icm(x,V) is the cross section for a relative velocity V from
Eq. (9), n(v) are the number dénsity velocity distributions which
for nozzle beams have the form n « v2 exp(;(v— f)zlai) where vf.is
the flow Velocity-and qo is a measure of the localktemperature of
the beam, and u_, and v, are the vectofs shown in Fig. III-1b. The

3 3
function h(X) is a trapezoid of variable half width given by

hx) =1, , Ix) < %

1 - '
h(X) = 1- 5 (x| - X )/ (X-K) %o <X <2xg - X
h(X) = 0 - ‘ lxl = 2‘X1 - XO
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where Xb is fixed at 0.47 and is the half angle subténded by the
ionization slit of the detector assuming a point séurce'at the
scattering éone and Xi is variable with © and aécouﬁts for the finite
volume of the scattering zone. It has been found3 that for an
experiment of this arrangement the contribution from a spréad in
~the angle of intersection of ‘the beams and the Ouﬁ—bfjplane séattering
is negligible.

To summarize, the dafa is fit by calculating the differential
cross seétion for center-of-mass angles with a chosen interval using -
the JWKB approximation to calculate the phase shift for eagh L.

These contributions are then averaged over the velocities of the

beams. and the angﬁlar resolution of the apparatus along with the

Jacobian factor to give a calculated angular distribution in terms

-

of number density NL(O).

1. The Pdtential Form

Many of measurements on afom—atom, atom-molecule, and molecule-
molecule pairs are interpreted with eithér a Lennard-Jone (12,6)
potential or a Lennardeones (n,6) potential where in terms of the
reduced parameters  Xi= r/rm; £f(X) = V(r)/e, the pétential is given
by | SN

_..n 6 _ 1
£ = 2 [an . x6] (1)
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This LJ(h,6) poteﬁtial is used extensively in low energy scattering
_because the‘potentiil gives the correct R—6 asymptotic behavior.
One of the main:drawbacks of this potential is thaﬁ the well depth
€ and the location at the bﬁttom éf the well o a:e,coupied with

the van der Waal C_ constant [= ner:/(n—6)]. These coupled parameters

6
increase the difficﬁlty of obtaining a potential that will fit an
angular diétribution; A more versatile potential has been used by

Lee et 31.3 which allows the intermolecular potential fo be represented
by different functions for different ranges of interaction. This

is the "exponential-spline-morse-spline-van der Waals" (ESMSV) potential,

and is given by

A exp[-a(x-1)] : 0 <x<xX

£(x) = )

f(x) = egp(a1+ (,X.--Xl){a2 + (x—xz)[33+ (X-._xl)al‘]}) X <x< X2_ ‘

£(x) = exp[-28(x-1)] - 2exp[-B(x-1)] Cox, < x< X, a2
£(x) = b, + (X-x3){b2 + (X-x4) [b3- + (x—‘XB)b4]} _ x, < x < x,

f£(x) = —CbX_6 _‘ng—é - Clox_.lo ‘ . X, < x< o

The potential function has 12 free parameters €, s A, o, B, C6’ 68’

ClO’ Xl, Xz, X3, X4 of which as many as possibleiare-deferminedvfrom

other sources when they are accurately known and are left at a fixed

value while the others are varied. For the CH4 and NHB'experiments , ' .
little is known about the repulsive wall so xl and X2 are set equal o ) %
to zero and the morse function is allowed to reprégent the repulsive '

wall at the potential which is fine for these experiments since the

particles do not sample far up the potential wall. The function is
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now a "Morse-Spline-van der Waals'" (MSV) potentiél with 8 variables

6* “8> C10° ¥ 4°

" These two intermolecular potentials, the Lennard Jones (n,6)

€, fﬁ, B, C 45 and x
and theIMSV, were both used to fit the data. To obtain a fit to
the measured data a least squares fit was performed between each
calculated angular distribution and.the measured distribution.

In the Lennard Jones potential the.values for €, L and n were
variéd to obtain the best fit and for the MSV potential the values
for €, T and B were variéd to obtain the best fit. vFof MSV

the van der Waéls constant for the CH4-Ar interaction was:that.

24 10

[c, = 1.97x10 0 erg A%, and

6

were set equal to zero since the data did not extend into

suggested by Kramervand Herschbach
CS and:ClO
narrow angles where these two terms would be important. The two

nodes X, and X fbr the cubic spline function were set so X3 would

3 4
be the value of.x where value of the Mose potential was f£(x) = -0.75
and X

4 ¥as set at 1.4,
2. Results

The mgasured angular distributions for collisions of CHA and
argon at two différeht collision energies, 14.0><10_14 ergs and
v13;4X10—14:ergs are shown in Figs. III-2 and III—S,_réspectively.
The angular diétribution for the cqllisién of NH3 and afgbn at a

collision energy of 13.8><10‘_14

ergs in shown in Fig. III-3. The
error bars on each data point are either one standard deviation
calculated from the total number of counts at the particular angle

or the.standard'deviation of the points measured at a given angle
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Figure III-5. The measured‘angﬁlar distribution for CH4 + Ar at a

relative collision enérgy of 13.4 X 10_14 ergs. The error bars indicate
the larger of either one sfaﬁdard deviation calculated from the number |
of background counts or the standard deviation of several.points measured
at the given angle. The solid line is the MSV potential with € = 2.14 x

lO-laergs, r = 3.82 A and:f = 7.05.




LAB-NUMBERDENSHWWARBWRARYUNHS)

r

{j ) TS S e PR o
R S B~ R

~189-

T T T T T T T T T[T AT T T g
B CH4'AF _
N _
| —MSV- _
- E=13.4x10%ergs = -
—ﬁ

= =l
— _
T+ —
— m
- -
- —
| —

TN TR IR RN FNT Rl SU NI RN R

o 5 0 15 20 25 30 35

LAB ANGLE ®

Fig. III-5.



-190-

whichever is larger. 1In order to be convinced that the apparatus

was wofking properly thevo + Ar system was run briefly to see if

2

it reproduced published results. The O, + Ar angular distribution

2
is shown in Fig. III-6 along with the calculated angular distribution
using a Leﬁnard-Jones (12,6) potential and the &alues for the potential
as measured by Tully and Leé10 of € = 2.O3X10~14_ergs and r = 3.90 A,
The fit is good and provides confidence that the measurements from

the apparétus are not in diéagreement with measurements of other
groups. Unfortunately, very few of the moleculaf beam experiments
have evervﬁeen reproduced by different groups-one excéptioﬁ being the
Ar-N, interaction.

2

The CH,-Ar data has been analyzed using two potentials—-the

4
Lennard-Jones (N,6) and the MSV. The angular distributions are
calculafed as previously described.with averaging over angular
resolution for beam parameters given in Table iII—l and averaging

over fhree velocities in the CH4 beam and one velocity in'the.argon
beam. The monoenergetic approximation for the argon beam is valid
since the velocity distribution is narrow (FWHM ~5%) and the averaging
effect from the crossed beam is smaller. The C6 constant for the MSV

potential for a collision of two different speciesihas been calculated

using the combining rule of Kramer and Herschbach24

= (13)
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Figure I1I-6. The angular distribution of 02 + Ar with the 02+ signal
being detected. The solid line is the calculated angular distribution
using the values of Tully and Leelo, € = 2,03 x 10—14 ergs and r = 3.90 K,

in a LJ (12,6) potential.
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where Caa'and Cbb are the C6 constants for the interaction of identical

species and aa and o, are the pola:izabilities for a particular

b
- ' 25 -11 6
particle. The values for C6vfrom Dalgarno”™~ are 6.22x10 erg A
for Ar-Ar and 1.43x10710 erg A® for cH -cu, . The polarizability of

4 74

CH4 is 17.6 A3 from reference (1) and the polarizability of Ar is

.'ll.l from reference (26). The value for the CH,-Ar C_ value is then

4 6
11

9.42x10 erg A6. The best fit using the MSV potential is shown

in Fig, III-2 for the CH, -Ar pair. Two interesting features of

4
Fig. ITI-2 are the good fit to the distribution in the rainbow

region arouqd 10 degrees and the appearance of shoulders on the dark
side of the rainbow between IQ and 25 degreeé. In Fig. III-5 the
pafamet?rs for the best fit of the higher emergy data»are shown for
thello§ enefgy data. These potential parameters fit;the data to
within experimental érror but because of the poor quality of this

data these potential parameters are obviously not a uniqﬁe fit to the
data. .Therefore the potential parameters must be obtained from the
better high enérgy data.

As a better illustration of the.features-of the angular distribu-
tion Fig. III-7 shows the distribution plotted in the‘center—of—mass
system. The intensity in the center-of-mass I(x) times_the siny
is plotted vs. X, the center-of-mass apgle. The sinyx factor removes
the geometrical weighting by lafge impact parameter collisions.

The solid curve is that calculated for the best fit parameters using

the MSV potential. The circles are the data points nominally trans-

formed from the laboratory to the center-of-mass coordinate system.
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These points are not accufate since the velocity averaged beams can
not be taken intb account. The figure does make the rainbow angle
more pronounced;

" In order to illustrate the scattering bétter,'the narrow angle

413 sin® vs. Q where

scatteringiis factored out by plottinngL(O) 0
NL(O) is the LAB number density. A plot_of this is shown in Fig. III-8.
The rainbow.angle is now very appafent, peaking at 10°, and the
oscillations are also more pronounced. The presence of these oscil-
lations has'permitted-a more accuraﬁe'determination of the potential
parameters since thg 1oéation pf the rainbow is predominently |
determined by the depth of the potential well, €, and the frequency
of the osqilléfions is depéﬁdent on rm; These oscillations in
moleculaf‘systems have been seen before for H2+H25 and for H2+02,

. ‘ .18 These results seem
3° 4 272 3 _

to contradict the semi-classical calculation of Cr05827 which predicts

SF¢, NH,, CO and CH, and D,+0,, SF,, and NH
a damping of the oscillations due to the anisotropy in the potential,
but as pointed out by Gordon, Coggiola and Kupperman18 the oscillations

for the H, 'scattering arise from diffraction effects from the steep X

2
repﬁlsive wall 6f the potential. Since CH4 is a rélatively ligh;
molecule, the observed oscillations in the data may arise from these
diffraction effects. To test this hypothesis an angular distribution -
was calculated for é purely repuisiVe potential on both the CH4—Ar

and HZ—Ar systems. ' The angular distributiops-for each are shown in

Fig. III-9. Both calculations use the same angular and velocity

averaging as used in analysing the data. It is appérent that the
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Fig. III-9. The calculated angular distribution for (- - -) H2 + Ar

and (—) CH4 + Ar for the repulsive potential shown in

the insert. The potential is of the form f(X) = A exp

o (1-x).
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the diffraction effecfs do not survive for the CH&—Ar system whereas

they are quite pronounced for the'Hz*Ar pair. This leads to the
conclusion thgt for CH4—Ar'the oscillations must arise from interferences
between different branches of the potential. Methane must therefore

not have a suBstantial anisotropic potential. This is consistent

| with the model of rigid'tetrahedral molecules used by Verlin, Cooper,
aﬁd,Hoffman28 to fit transport chfficients in a magnetic field

whicﬁ finds that methane is only slightly anisotropic.

To determine the range of parametérs for the MSV potential that
wﬁuld giVe a good fit fo the data the:compﬁter program was used to
calcdlate(the standard deviation of the data for a range of potential
parameters. The calculated angular distfibupions were averagéd
over angle and velocity as described befqre, prior to calculating
fhé standérd deviation. The results for these calculations are shown
in Tablé ITI-2 and contour diagrams using values from the table for
each value of B are shown in Fig. III-10. The best values for the
parameters of the MSV poténtial are listed in Table iII-3. The best
values -for the three varied parameters in the potential are:
€ = 2.20(t.04)x10" 1% ergs, r_ = 3.82(:.00)A, and B = 7.05¢.20.

The values of the parameters 8’.¥¥’ and B which fit‘the data haye the
errors given above but consistent with the shaded area in Fig. I1I~10
. for B = 7.05. The limits on r wére ultimately determined,when the
frequehcy of the oscillations in the-calculated distribution varied

from the frequency of the oscillations in the data.



Table !;1-2. Standard Deviations of th; CH6-Ar Data from ths MSV Potential
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Figure III-10. The contours show the lines of standard deviation of the

CH, - Ar data obtained . from values listed in Table III-2. The standard

4
deviation is listed on each cohtour line. The shaded area on the center
contour is the region of € and r values which fit the data. The B8 value

of 7.05 for the center contour is the best fit to the data.
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-Table III-3. ‘MSV Potential Parameters

Parameter o CI-I4 - Ar ‘ NH3 - Ar
€ 2.20 (¢.04)x10 Hergs 2.21(+.04)x10 ergs
T, 3.82(.04) A - 3.93(2.05) A
8 | 7.05 .20 | | 8.45 %.30
C - 9.416x107 1 erg A® '_ 8.999x10 711 erg A®
X | 1.098 : 1.082
X4 1.40 - ©1.40
b, -0.75 | -0.75
b2' ' | 1.89 - 1.886
by 5405 | ‘_ | -7.355

b, 5.502 - 1.084
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The data was also fit using a Lennard-Jones (n,6) potential. The’
best fit parameters for the Lennard-Jones potential were:
€ = 2.27x10—14'ergs, r = 3.77 A, and n = 18. Both the Lennard-Jones

(n,6) and the MSV for CH -Ar are shown in Fig. III-11. The agreement

A
between the_two;gurves is good with the greatest differences being,
in the region éf the potential well. |

The NH,-Ar anguiar distribution is shown in Fig..III—3. This
data was first analyzed using a Lennard-Jones (n,6) potential.
The best fit t§ the data was found using potential parameters of
€ = 2.43><10—'14 ergs, rm'= 3.50 A, and n = 30. wﬁen the data is plotted

4/3 sinO vs. O form, the oscillations of the calculated

in the NL(O) C]
distribution do not fit the oscillations of the data points as
éhown in the lower half of Fig. III-12. This placed a certain
degree of uncertainly on the reality of oscillations in the measured
data. Since the Lennard-Jones (n,6) potential hés'ifs parameters
cbupled as ﬁeﬁtioned previously, the MSV potential was used insﬁead
to try to fit.the d#ta.

Since experimental values for C, do not exist for NH -Ar it

6 3

was necessary‘to calculate the C, constant to use invthe MSV potential.

6
A combination of the Slater-Kirkwood approximation along with the

Kramer and Herschbach combining formula was used for the calculation.

The approximate value for the C6 constant for like interactions is

_3 2= | |
Caa = % '3a W, : (14)



I

T

40 TTT I I T[T I T T[T T I T[T T T [TT7T

Ok CHy - Ar ’
3.0; — MsV .
- —-—-LJ (18,6) —
20~ _
o -
o _ —
2_5 I.Q:- —_:.
& F -
=00 _
= L ]
-1.0- ]
2.0 ]
F—"m -

|.|‘1|-|v|||'111L|||||||||L|llu11

0%
20 30 40 50 60 70 80
INTERNUCLEAR DISTANCGE, r (R)

"~ XBL 754-06051

Fig. III-11., The CH4 - Ar intermolecular potentials. The solid
. line is the best MSV potential and the -dashed line

is the best Lennard Jones potential.
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Figure IIi—lZ. Two plots of Ny (H ) H4/3‘SIN H vs. H are shown for the

NH3 ~ Ar data. The solid curve in the upper distribution is the célcdlated
fit for the best MSV potential. The dashed line in the lowér distribution

shows the best fit for'the LJ (30,6) potential.
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where o is the polérizability and Ga is some average energy for
transitions from the initial state. In the Slater-Kirkwood

approximation

. o U v
w = (Na/oza) R _ - (15)

where Na is the number of electrons in the outer shell of a. Using

a value of 8 for N, C = 1.203><10_10 erg'A6;' This is probably
a NHB—NH3 :

a good approximation since for CH, a value of 7.4 forINa in the

4

Slater—Kifkwood approximation would give the same.CCH —CH constant
‘ v 4 T4
25 This calculated value for G
NH 3 ~NH 5

was then used in the Kramer-Herschbach formula (Eq. 13) to cdlculate

as calculated by Dalgarno.

the C6 constant for NH3-Ar.

The use of the Slater-Kirkwood approximation for the NH_ -Ar

3

C6 constant would be poor compared to the Kramer—Herschbach method

because the Slater-Kirkwood gives a very poor approximation to the

Ar-Ar C_ constant. So the value for C (=6.22><10-11 ergs) is
6 1 Ar-Ar S
again from Dalgarno, O = 2.26 A3., and 0, = 1.64 A3, The value
3 ' R
of C, for NH,-Ar is 8.64x10 11 erg A6. The value of Cg to be used in

"the MSV potential should also have the dipole-induced dipole term
included in it even though it is a small contribution. The contribution
to the potential from the dipole-induced dipole is

uz a
NH, Ar

-3
Vdipole—induced dipole r6 [e®] , (16)
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where pNH3-is the dipole moment of ammonia (=1.47 Debye), and g(8)
is the orientation term which for a geometrical average is l;, The
l/r6‘coefficient for ﬁhe dipéle—induced dipole term is then
3.52xl0-12 erg A6. This gives a final value of.8.9?X10-11 erg A6

to be used for C_ in the MSV potential.

6
The MSV best. fit to the angular distribution is shown in Fig. I1I-3,

and NL(Q) 94/3 sinO vs. O plot is shown.in the upper half of Fig. III-12.
The oscillatiens of the calculated distribution have the same frequeney
and phase as the measured data for these MSV paraﬁeters. The three
varied parameters for this fit have values of € =>2.21(‘—‘.04)><10_14 ergs,
r = 3.93(i.05) A, and B = 8.45%.30. Three conteur diagrams'represehting
the sterdard deviation of the measured data from the calculated values
for three different values of B are shown in Fig. III-13 and the'.
associated standard deviations are listed in Table III-4. The values

of € andirm again must fall within’fhe shaded area shewn on the |

B=8.45 contdur of Fig. III-13. The values for all of the MSV parameters
~are 1iSted in Table IIi—3. The potential energy curve for the MSV
potential and the Lennard-Jones (30,6) potential are shown in Fig. III-14.
The difference between the two potential energy curvee is very
pronouneed. Oﬁe difference to‘be noted in the LJ(30;6) potential

1s the less rapid descent at the 1erger internuclearvdistances.' This

11

is due to the value of C_ being 5.58x10 erg A6 which is 38% lower

6
than the calculated value of 8.99><10“ll erg Aé. The éhapevof both
potential wells is approximately the same with respect to the width

at different energies. This difference of the LJ curve from the MSV
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Figure III-13. The contours show the lines of standard deviation of the
NH3—Ar data obtained from values in Table III-4. The standard deviation
is listed on each contour line. The shaded area on the center contour

is the region of € and r_ values which fit the data. The B value of 8.45

for the center contour is the best fit to the data.
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potential is the MSV potential shown by the solid line.

The LJ (30,6) potential is shown as a comparison to
~illustrate the difficulty in fitting with a Lennard-

Jones potential.



Table III-4. Standard Deviétions for NH3—Ar €(X10-14ergs) rm(A) B = 8.10

r N | 2.015 | 2.050 | 2.085 | 2.120 | 2.154 | 2.189 | 2.224 | 2.259 | 2.293 | 2.328 2.363
3.60 - - - - - - 294 - .258 - 1220
3.65 - - - - - - - - - - 175
3.70 - - .290 - .253 - .212 - 171 - 134
3.75 - - - - - - - - - - .107
3.80 257 | - .216 - 171 - .128 - .0968 | .0941 | .100
3.85 - - - - - - .0927 | .0849 | .0883 | .102 -
3.90 187 | - .139 - .0962 | .0828 | .0804 ;0905 Ja10 | .132.] -
3.95 - - - 0032 | .0838 | .0869 | .0995 | .119 .14} |- -
4.00 133 | - .0981 | .0947 | .0984 | .1138 | .135 161 - - -
4.05 - 109 | .105 .112 .127 2475 | - - - - -
4.10 - 115 | .123 | .137 - - - - - - -

-¢Tz-
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curve just points out that the Lennard-Jones potential is a very
inflexiblevpotential and it is difficult if not in some instances

almost impossible for it to give the proper potential energy curve.

D. Discussion
Through the resolution of the rainbow and the interference
undulations, the potentiél for CHA—Ar has accurately been detérmined.

Two other studies have been done on the CH,-Ar pair interaction.

4
One is a velocity dependent total cross section measurement by

Eckelt, Schimpke, and Schiigerl7 in which they determined the potential
parameters by fitting the slope of the higher velocity data. They
were unable to resolve the glory ﬁndulations at lower velocities due
to thermal averéging by the gas in the scattering cell. The other
measﬁremenfs on this system are thermal diffusion ﬁeasurements by
Stevens énd de Vries.29 They have studied the thermalldiffusion
rates for mixtures of various hydrogen iéotopes of methane with |

methane and also with argon. A comparison of the measured values of

these two stﬁdies and ours 1s shown in Table III-S.

Table III-5. Potential Parameters for'théiCH4—Ar Interaction.

Ty

Potential 14)

Work Form £ %fgs(lp ; _,#m( )
Eckelt et al. - LJ(12,6) L1.81 - 2.67

Stevens & de Vries LJ(12,6) 2.04 - -

Present : MsV 2.20 3.82




The work by Eckelt et al. is in disagreement withiqur measured values
for both € and.rﬁ. Thex have expressed their doufts‘as to the |
validity of the vaiues and they believe that their values may be low.
They also measured the velocity depen&enq cross sections for the
Ar-Ar pair infefaction along with'CH4>Ar, and obtain values of
IS 1.70><10—14 ergs and r - 2.89A., These values are also low when
compared to those obtained from differential cross section measurements
by Parson, Siska, and Lee® of € = 1.994x10™ 1 ergs and r_ = 3.7154,
This tends to confirm that their falues'ére low. The value of ¢
obtained by thermal diffusion is in fairly good agree@ent with ours.
The ammonia-argon péir interactién_has p:eviouély been measured
" by Brooks_and Grosser.lv6 They have fit their data with three different
potentiais——a Lenn;rd-Jones(n,6), a Kihara-Stockmayer, and a.Maitiandi
Smith. A list of their €, and rm values for the different potentials
are shown in Table III-6. The Brooks aﬁd Grosser data cannot be
directly compared fo our data since the relative collision energies
of each are'differént. ‘Even if the angular distributions.of the two
experiments were run at the same collision energy ghey still could
not be easily compared since the data for each was taken under different
beam conditions.
As can bevseen from Table II1-6, the Brooks and Grosser LJ(12,6)
€ and rm pafameters afe close to our € and r parameters for a LJ(30,6)
potential, but the large difference in the value of n makes these two

. potential curves quite dissimilar. Since the value for C6 in our

Lennard-Jones (30,6) potential differs substantially from the calculated
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—Ar Interation.

Table III-6. Potential Parameters for the NH,

e

4

Work Potential = € (><10—l ) r (A)
' : _ ergs : m
Brooks & - LJ(12,6) . 2.45 3.65
Grosser ' o _ _
LJ(18,6) 2.32 4.11
. |
K-S (g=1.0) 0 2.25 4.00 2a/rm = 0.143
K-S" (g=1.25) 2.23 4.02 2a/r_ = 0.143
Present LJ(30,6) 2.43 3.50
MSV 2.21 . 3.93 B = 8.45

*
Kihara-Stockmayer

v(r) = 4e [( o )12 - ( °‘)6]-ESL“ [£(0) ]

era :—Za 6

a is the Kihara core size, 4 and o are the dipole moment and the
polarizability Qf the polar Pandvnoﬁ—polar species, respectively.

4
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value, the LJ(30,6) potential just again illustrates the difficulty
in fitting scéttering data with.a coupled potential. The best
pOtentiél curve to fit the data is the'MSV potential, with

e = 2.21x10 14

ergs; r_ = 3.93 A, and B = 8.45. This ¢ yalue is in
good agreemént Qith Brooks and Grosser for the LJ(18,6) and the

K-S potentiél. The agreemeﬁt betweenvthe r values is not as good.
Our potential givgs a lower ro value than the other potentials,
although there is better agreement between the MSV and the K-S r
.values. The‘Brooks-Grosser value for C6 from their LJ(18,6) potential

is 1.67x10 10

erg A% which is 85% larger than the value of
8.999><10'-ll erg Aé calculated from the Slater-Kirkwood approximation
as described previously-énd using a value of 8 for the number of electrons

in the ‘outer shell of the NH molecule, This calculation together

3
with the contribution from the dipole-induced dipole term should give
~an uppef limit which is accurate to within 107% to.the C6 value,

which for the Brooks-Grosser data is exceeded by 85%Z. The T value
for the best fit to our MSV potential also gives a good fit to the
period of the oscillations seen in the data. The.period of the
oscillatiops is strongly dependent on the value of'rm:and thus
restricts the range of‘rm that ﬁill fit the angular distribution:
Therefore, by using a calculated value for C6 which is aécurate to
within 10%Z and also fitting the.period of the oscillations in the

angular distribution our best fit parameters in the MSV potential

should provide the better potential for the NHB—Ar interaction.
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" Once pbtential parameters afe kﬁown for two ﬁair interactions for-
»three different species,’comBining rules have bgén used to predict the
third pair dinteraction. .This is very useful for calculating the unknown
pai? interacfion, but caufion must be exercised in using the combiﬁing
formula becapsé as pointed out aﬁd expefimentally shown by Chen,

Siska, and Lee the use of the combining férmulas aré unreliabie_ -
when the potentials of the two like pair interactidns differ |

substantially. Thé use of_the_combining formulaé_are predicated

on the potentials for each interaction having the same redﬁced form.

Since not only € and rm but also thevshape at the curve may change

making the use of éimple combiﬁiﬁg rules inaccurate.  But if accuracy

is not needed then the simple combiningrule could be used and values

for the CH4¥CH4 and the NHBQNH3 pair interactions could be calculated
| 4

sincg the Ar-Ar interagtion potential is well known.

The presence of oscillations in the angular &istributiohs for
both methane and ammonié leads to the_cdnclusion that both must have
a fairly symmetric potentiai so as to be consistent'with the averaging
effects of anisotropic potentials an angular distributions, as
discussed by Cross.27 In the total cross section méasurements of Li

30,31

plus a large number of gases by Rothe and Helbing-" only a very

small amount of quenching of the glory undulations was seen for the

4

the Li +'NH3 interaction. For the CH4

dispersion interaction for the C6 term is symmetric since a” and a

Li + CH, interaction and a moderate amount of quenching was seen for

-Ar interaction this long range

<
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the polarizabilities parallel and perpendiéular to the interaction

axis,'are equal for CH4.

be the quadrupole-induced dipole term which will be small. For the

The first asymmetric long range term will -

short range interaction itvhas been shown28 ;hat for a rigid model
assumption the'potential for CH4 is'highly.symmetric. "The long

range interaction between NH3 and Ar is somewhat different from

CH,. First there is a dipole-induced dipole force which is a small
effect since it is only about 5% as strong as the dispersion term. |
The anisotropy introduced in the dispersion term should be small .

for NH, since oy = 2.42 A3 and o, = 2.18 Al uhere %i is along the
symmetry axis of NH_,. These éstimates of the anisotropy on these two .

3
,éYstéms are in agreement with thé quehching seen by Rothe and Hélbing
for Li plustH3 and CH4 énd for the CH,-Ar and NH,-Ar interactions.
Thus, the survival of the undulations in -the angular'distribution
is not unreasonable if only the anisotropy of the potential is
considered.

'The‘interférence effect seen in the angular‘disfributions arises
from the interferenée betweenrthevrepulsive branch df the deflection’
function and aFtractive branch arognd the rainbow fegion. Therefore,v
the angular distribution is sampling the region of "hard collisons"
~which contribute to the.positive angles of deflection. Rotationally
inelastic collisions ﬁould be expected to occur in this region of
moderatély hard collisions. Cpnsequently,.sinc§ there is very liptle
damping in the undulations for both NH, and CH4 interacting With argon

3

in this region the cross section for rotational inelastic scattering

shouldAbe small.
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In conclusion, it is apparent that the hydride molecules are well

suited for the study of elastic and rotationally inelastic scattering.

With the lérge rotational energy level spacings in CH4, NHB’ and HF,
the rotationally inelastic processes can be studied using the time-
of-flight technique. This.s;udy would provide much mbre information
on the anisotropy of tﬁé hydride's potential. Also, an elastic
scattering study of 1arger.molecules such as CF,, SF6, CéHﬁ and C2H4 :
may pro§idé more information on the relativevanisotrqpies of these.
molecules. This moleculér beam apparatus has provéd‘its capabilities
by resolving the'interference undﬁlations oh these hydride systems,'
but the inglastic scatteringvstudies, being more difficult, will
undoubtedly take much more work, so thought must be given to bursuing
these studies or some 6ther chemical questions that molecular beams

are suited to answering.
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~IV. VAN DER WAALS MOLECULES: WEAK INTERACTIVE CHEMISTRY

A. Introduction

The use.of supersonic nozzle sources to form weakly bound dimers
and higher polymérs has initiated the study of more sophisticated
experiments on weak interactive chemistry. Due to the rgiakﬁtion of
translational, rotational, and vibrational energy plus a relaxation
toward chemical equilibrium in an isentropic nozzle expansion, new
aggregates can be formed in sufficien;ly high concentration™ = to
enable them to be studied by molecular beam techniqueé. In the‘
original design of ;his molecular beam apparatus, one.of our objectives‘
was tﬁe study of these weak inferactive réactions.‘ One of the first

interesting experiments would be a reaction governed by only dispersion

forces. The rare gas-rare gas dimer reactions such as

Ar2 + Xe > ArXe + Ar (1)

or.

Ar + Xe, * ArXe +Xe - | | (@)
would be a group of such reactions. The ArXe+ producﬁ signa1 or the
Ar+ or Xe+ product'signal with time-of-flight analyses can be measured
to study these reactions. This type of reaction would give valuable

information on the dispersion force effect on Van der Waals molecule

reactions.
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- Crossed molecular beams have‘categorically been used to study
bimolecular collision procééses. vRecentl&, Lee et al.7 have formed’
a complex with a fluofine atom and various olefin molécules and
observed the unimoleculér decay. Now Qith the ability to form;gnusual
Van der Waéls mqlecules, s@ch as ArﬁCl and Aer,"as shown in electric
resonance beam éxperiments,s— 1 termolecular reaction‘kinetics can be
studied by crossgd molecﬁlar beams. For example, if ArCl can be

formed from Ar + Cl- where the Cl* is made in a gas discharge, then

atomic recombination process such as

ArCl* + Cl1- > Ar + C1 (3

2

could be studied. This termolecular process may be important in these
recombination reactions. Also of interest would be the study of highly

exothermic reactions via a termolecular proéess such as possibly

‘ N .
ArF, + HI ~+ FHI + Ar :
(4)

FZHI* > HF + IF M = -93 kcal.

The study of nucleation effects can also be studied by the crossed

molecular beam technique with reactions such as

ArNH3 + HC1. - NH4Cl + Ar . (5)




Beams of larger size cluster species where the:cluster is comprised
. 12-16 .
of greater than 100 atoms or molecules have been formed” ™ =~ and the
structure of several have been elucidated by electron scattering

measurements. It therefore appears promising to look for reactive

scatterihg of these species.A
Most of the studies of reactive scattering of Van der Waals
molecules have been made on diatomic alkali tnolecules.lg-25 However,

the most astounding reactions studied so far in this field of weakly

bound molecules are the facile six-centered reactions

+ 2BrCl + Cl1 (6)

2

+
(012)2 Br2

and

(c1,), +HI > C1, + HC‘1.+ Ic1 o (D

26

by King, Dixoh, and Herschbach. In these reactions they have

described a model for the mechanism in which the Cl, dimer forms a
sik—centered ring éqmplex with th§ Br2 and subsequently the reaction
proceeds by seduentiélly breaking the Br-Br bond, and two of the
Cl-Cl bonds, thus, giving two BrCl molecules'which recoil in opposite
directions in ﬁhe center—onmass system. The beau;y of this reaction
is that it.conserves orbital symmetry throughout the reaction whereas
 the direct reaction Br2 + Cl2 - ZBrCi does not. They have
estimated the cross éection for the six-center reaction to be>50&2

or greater. The prospect of studying the kinetics of a large variety

of these weékly bound Van der Waals molecules was enhanced by the large

cross sections and unusual kinetics found for reactions (6) and (7).
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A study of the Vanvder Waals molecule reactions was initiated by
trying to reprOduée the resulté of King, Dixon, and Herschbach.
Unfortqnafely, even_after varying the pressﬁre of the chlorine in the
nozzle stagnation chambef (in effect varying the iﬁtenéity'of the

dimers and higher polymers) the reaction of Br, + (Clz)2 as described

2
in the literature was not observed. Instead, ion mass peaks
corréspondiﬁg to BrCl+, Br2C12+, Br2016+, Br2C18+, and Br2C110+'were
observed in the_detector only in the region of laboratory angles
withip ~15° of the Cl2 beam. A measured angular distribution for the
BrCl+ ion signal’is shown in Fig. IV-1. The dominant feature of this
angular distribution:is the one very narrow peak near the Cl2 beam.
This is fhe only peak observed in this.angular distribution, unlike
thé data fof the six centered reaction26 which has anothér peak in the
prgxiﬁity of-the Br2 beam. The peak seen in Fig. IV-1 could be the
observation of condensation of a Br2 molecule on a heavy chlorine

cluster, (Cl , to form a long lived complex which either lives long

Z)x
enough to reach the detector or fragments with the resulting'particules
having very small recoil velocities which are then ignized in the
detector. To further analyze a condensation phenomena, formation of

the clusters from a lighter gas such as H, would move the centroid

2
angle for a given cluster size, x, further from the beam. Thus,
permitting a more detailed analysis by having larger angles between
cluster centroids. Since a low cryogenic temperature (~30°K) is needed
2

to form a beam of hydrogen clusters and coulé:not be accomplished with

the present nozzle configuration, ammonia was used instead in a similar
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Fig. IV*i, 'The‘measured angular distributionvf;r the Brc1t éignal
from the data collected on 3/26/74. 'The total number of
counts in 30 seconds is plottéd for each angle. The error
bgrs represent one standard deviation based on the statisical

deviation from the total number of counts at each angle.
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reaction of Br_, + (NH3)X;'_The angular distribution for this reaction

2

was similar to that of Br + (Clz)x with a very sharp peak near tﬁe

2

NH3 beam, indicating that a complex was also being formed between Br2

and NH3'c1usters. These are two of the first observations of this
type of a complex being formed in a crossed molecular beam experiment.
Although recently, a similar phenomena was also seen in the reaction

of alkali atoms with (CHBI)X as reported by Urefia, Bernstein, and

Phillips.27 The two reactions studied here are
1) +3Br, »Br(clyt 2 8
(€L +Br, v Bry(Cl) = | (8)
and '
- > * 2, . -
(NHBZx_+ Br BrZ(NHJ)x _ (9

: Both appear to form a long lived complex. The'experimentél conditions,
thé measured data, and interprétatién of ﬁhe measurements will be
discussed in sections 2 and 3 of this chapter. Implications.of the
databand.possible improvement in the measureﬁenté'and further

experiments will be discussed in section 4.

~B. Experimental

"supermachine"

The apﬁafatus used for these experiments is the
.described in chaptéf ii; fhe experimeﬁts were'rﬁn using the two nozzle
" sources described in chaﬁter II with the nozzle for beam 1 haVing a
0.01 cm diameter oriface with'an»oriface_channel lehgth of .0125 cm

and a skimmer with an external angle of 64° and a hole diameter of

.050 ¢m. The nozzle for beam 2 has a 0.01 cm diameter oriface and_a_
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oriface channel length of .0025 cm and a skimmer with an external
angle of 86° and a hole diameter of .062'cm;> The operating conditions
for each nozzle fof different experiments and different runs afe listed
in Table IV-1l. The velocity distribution parameters for the'nozzles
are in a slightly diffefent form from that used in previous chapters

in order té be able to fit the velocity distributions of the higher
polymers which geherally travelled at a slightly slower velocity than
that predicted for a simple nozzle expanéion. A theoretically based
distribution function for the clusters would be an entire study in
itself since it would have to include condensation processes in the
expansion and.seeding effects (i.e. where the velocity of the species
in lower concentration approaches the velocity of the higher conéentra—
tion species through collisions during the expénsion). Although a

good model for the formation of clusters in the expansion wéﬁld be
instructive, it is only necessary here to be able to characterize the
velocity distributions of the clusters. >The number density velocity

distribution is of the form.

N(V) =K V2a1-3 exp |- ——5— ' ' (10)

where V is the velocity, V. is the flow velocity, a, is the width

f 1

parameter and K is a normalization constant. For a standard nozzle

expansion
. 5 -1 ,
2 _ 2 (a-1)M
oy a [l + ———z?—-—] » - (11)
- 1/2
v, = 1.225 aoM.[ — X 5 ]’ (12)
3 + 1.5(y-1)M



) assuming rotational relaxation, for a Cl

where ag = 2kT0/m, To is the stagnation chamber temperature, m is the

mass of the monomer, M is the Mach number,:and Y é'CP/qi. Of the two reac-

2

of the Br, beam could always be fit using a Mach number, and the

tions studied, (Clz)X + Br_ and (NH3)X + Br2, the velocity distribution

2

velocity disfributions of the 012 and NH3 clusters were fit by varying

Vf and oy independently. Figure IV-2 shows the measured time-of-flight
spectra for several different sizevchloriﬁe'clusters. The velocity
distribution obtained from the deconvolution of the time-of-flight
spectra for the heaviest cluster measured was used for averaging over

the beam veiééities in calculations. This should be a good approximation
since for incréasiug cluster gsize the decrease in the measured flow

_velocicy gets smaller.

The velocity distributions from the (Clz)X beam for a range of

‘detected C1 ions from c1.¥ to c1, t are shown in Fig. IV-3. The

2 14

figure shows that the velocity distributions of the ions are the same

; + +
fo: odd-even pairs (Cl3 and Cl + Cl5 , and Cl + etc). The relative

4 6
inteﬁsities of the chlorine ions that were measured at the same detector
resolution setting ére shown in Fig. IV-4. .Here again there is a
correspondence between the even and odd size clustef ions with the
even cluster ion alwa&s being more iﬁtenée than the odd cluster‘ion
by the same factor over the range of pairs measured. Thé solid line

throuéh the data points of the Cl + ion distribution in Fig. IV-3

2

repreéents the theoretical nozzle velocity distribution calculation,
2 stagnation temperature of
298°K and a Mach number of 14,_convoluted over the time-of-flight gate

function.
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Fig. IV-2. The measured time-of-flight distributions of the chlorine beam
for the data taken on 8/12/74. The four curves are for the
different chlorine cluster fragments measured in the detector.
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The time—of—fiight distributions are shown for eleven
different chloriné ion sizes. The even size ions are
represented by.circles and the odd size ioh by squares.

The solid line through the Cl.' distribution is the time-

2

~of~-flight distribution for a theoretical Cl, nozzle distri-

bution assuming rotational relaxation. Each chlorine ion
distribution is on an arbitrary scale with the scales

adjusted to show the similarity of odd-even pairs.
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The Br2 + (Clz)x reaction was run five times. For the first three

runs the (Cl'z)x beam wgs.modulated and the Bré(Clz)n+ products were
detected. Since the products were detected within 10° of the (Clz)x
beam, the possibility existed that the signal was from background
(Clz)x or a background modulétion effect in the detector (bbth of
which are unlikely sindb'# mass filter was used and é‘heavy product .
was detected). To circumvent this possible ambiguity the last t&o
runs of the Br, + (Clz)X reaction and the (NH3%( + Br

2 2

done with the Br2 beam modulated. The results from the modulation of

different beams were virtually the same..

reaction were

The detector configuration and the detector aperture dimensions
were the same as described in chapter II. The defector was run with
the re;olution set so as to transmit the largesf émount of product
without having contributions from the éiastically scattered chlorine
clusters which were the other predominate mass peaks at high masses.
Most of the data was collected with the 12.9% transﬁission time-of-
flight wheel in the apparatus. The count times for anguiar distribu-
tions were between 20 and 50 seconds at each angle and the count times
for the'time—of—flight distributions rahgéd from 100 seconds to 300
seéonds. The time-of-flight distributions were deconvoluted as |

described in chapter II.

s ot
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~C. Data and Analysis

In 1ight of the sharp peak indicating condensétion, shown in
Fig.vIV—l, nlds similar data for 1nrger ion cluscers,'an examination
of how.the.condensation‘of molecules on clusters can be analyzed will’
verify that,'indeed, condensation on clusters is being observed. -

‘It will also allow the extraction of as much information as possible ’
from the experiments already performed and will provide some ideas

for future experiments. First, the genefal analysis of the angular
disfributions will be presented nnd second, the anélysis of the
velocity or timé—of-flight distributions;

In the analysis'pf the data from cluster experiments two nroblems '
are present which arc not present in the usual molecnlar beam | |
exneriment. First, since all of the clusters are formcd in an
iéentropic'ncZZle ekpansion there is a distribution in the size of
the clusters which is not well characterized. This means-the‘relative
concentrations of various.siée clusteré in the beam are unknown which
implies that the disfributiqn of the center;of~mass veiocity vectors
are unknown. Second, the cracking patterns of clusﬁers from electron
" bombardment are‘not known. Therefore, difficulty in decermining the
origin of the parent of a particular detectcd ion cén lead to

ambiguities in the analysis of the data. The general reaction of

clusters considered here is

C a+n > at CE>
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where A is an atdm or molecule and x is the number éf monomer units
of B in a particular clusterf AB; represents the activated cluster
complex formed by A sticking on the cluster Bx'

The formation of clusters in the beam will bg examined first.
ff F;-répregents the flux of.Bx in the main beam in particleg/émzésec
at the ionizer, Vo is the velocity of Bx in the main‘beam, V is the
volume of the jonizing region, i is the electron current density,
and Qi(Bx) is the total cross section for ionization of Bx then the
total number of ions formed per second from the cluster of size Bx
in the beam is

I =VQ(B)i Fl/fv . (14)

After x equals 3 or 4 the velocity of the clusters is essentiaily
independent of x and will be represented by v. Letting Gn x be the
b
- U S
probability that Bx’ upon ionization, will appear as the ion Bn where

n is the number of B monomers in the fragmented ion, then the number

of counts per second of Bn+ in the main beam In is given by
I v X T(mp) Q(B)G F . | (15)

where T(nt) is the transmission of the quadrupole mass filter and the
ion optics which are only dependent on mass. The relative fluxes of
different size clusters can be estimated by comparing the ratios of

differgqt ion intensities, In’ if T(nt), Qi(Bx)’ and Gn,x are known.

i
i




T(nt) can be determined for the detector and the ionization cross
- . . 5 .
sectioﬁ, Qi(Bx), can be estimated28 from the polarizabilities.

Unfortunately, the cracking pattern,'Gn x;_"'of these small size clusters

s
is not knowh. Thuskthe relative intensities of different size cluéters
.can not.be calculated>until values fpr Gn,x are obtained.

A qualitative understanding of the measured angular distributions
like the one shown in Fig.‘IV—l can be gleaned by'compéring them with
the calculated centroid distributions for the different size clusters
with the moﬁpmer beam. The general velbéity vector diagram for

calculating the centroid distribution is shown in Fig. IV-5. The

centroid angle,vec, for a particuiar cluster size, x, is given by

8, arctapv(x) - (16)
y = "a Y
mB vx

. where mA and mB are the masses of the monomer for each beam (i.e. Ar,

29 NH3? or Br2 ), VA is the velocity of the monomer beam A, and vx

is the velocity of a particular cluster size. Now assuming infinitely

Cl

good angular resolution in the detector and monoenergetic beams so

only one cluster size will contribute to the scattering at a particular

angle, then the number of ABx complexes formed per second, NAB , is
X
given by
» = FA Fx
= = = 7
NAB 8 Qc(ABx) v v ' a7
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Fig. IV-5. A Newton diagfam fog the kinematics of the A + B

collision. VA and VB are the velocities for tha

monomer beam A and th& cluster beam B . C_is the
,centroid'velocity vector corresponding to 3 cluster
size, x. GC is centroid angle and g is the relative
veloecity vector, :
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whefé»tfis the volumg of‘thé.collision zoné'defined by the two beams,
- g is thé relative velocity vectof (see Fig. IV-5), QC(ABQ)'is the
cross séc;ibp'for the.fofmétibn of AB_ fréﬁ A+B_,and F, and F are
fluxes of A and Bx respectively in particles/cmz—éec at the collision
éone. .The flux of ABx complexes,.ggi(x), away from‘the collision zone

assuming that the complexes do not‘decompoée is given by

- 7§ Q (AB.) F, F_
g}i(x) = "“*i%’"ji' A x (18)

v v
A X

where D is the cross sectional area of the collision zone normal to
the center-of-mass velocity vector at the angle ec,fand the other
terms are previously defined. Therefore, at an angle 6=0(x) the

detected signal, Sn,-would be

Cf—}C\(X)

S, = VI(omg+m,) Q;(AB ) H_ c, (19)
‘ : 1/2
_1 2 2, .22 2 :
C, = wm (mA v, txmg vx) . (19a)

Cx is the center-of-mass velocity vector for a cluster size x,
T(nmi-FmA) ié the transmission of the.quadrupole mass filter and ion
optics, Q,(AB ) is the ionization cross section for AB , H is the

i x’. v X n,x
probability that ionization of ABx gives the ion ABn , and V is the
volume of the ionizing region. If it is assumed that the complex lives
long enough to reach the ionizer and the ionizer "sees" all of the

' collision zone, then the ionizing volume, V =.D£’ where % is the

length of the ionizer and D is defined in Eq. (18). The detected ion
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signal’sn at an angle 6=06(x) is then given by

>

' F
_ X ' - A
Sn - Cx T(nt-FmA)'Qﬁ(ABx)Hn x'g Qc<ABx) v

’

FX
p_— (20)

>

X

3

The value that one would like to obtaiﬂ from this expression is
obviously Qc(ABx)’ the cross section for condensation on a cluster,

- but .again lack of values for several of the parameters leads to

difficulties. Again, assuming that the detector has infinite resolution -

such that only one cluster size will contribute to the ions being
detected at a givén angle, then information can be extracted on the.

ratios of T(nt4-mA) Hn x by simply looking at the'fatios-of Sn for

’
different ion sizés; n, at one angle. The relative condensation cross
sections for different size clusters can be found if the relative
fluxes Fx/Fi' for different size clusters are known. The absolute

cross section can also be obtained if F the flux of the crossed beam

A’
is known. This assumes that it is possible to estimate values for
Q (AB).

Now in thg actual experiments thg beams are not monoenergetic and
the detector does not have infinite angular‘resolution. Therefore,
the angular distribution will not have discrete gndulétions corresponding
to the centroids for individual cluster sizes, so Qc must be treated
as a continuous variable. Treating ec as a continuous variable implies
treating x as a continuous Qariable. For this casé the signal, sn(ec);

is given by
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_ ~F, F
. . - A X .
T(nt +mA) Qi(ABx)Hnlbxg Qc(Agx) ;; i dx (21)

T
C
X

5,(6 a8, =
where all the terms havé been defined in Ed. (20).except for the new
Jacobian dx/deé. As shown previously Bc = éfctan Y/X so the Jacobian
dx/dec =‘eY/éin26c. This Jacobian predicts that the measured angular
distribution should be strongly beaked near the cluster beam. This
effect comes from féct that as the clusters increase in size the
.centroid velocity vectorsvkeep approaching the cluster beam in smaller
increménts, thus causing the number of cehtroids that contribute in
a givén angular interval to increase as the centroidbangle approaches
the cluster beam directidnf | | |

The measured angular distfibu;ions for the Br2 + (Clz)x system
are shown in Figs. IV-6, IV-7, and IV—8.for the dafa collected on
three differeﬁt runs (3/26, 8/12, and 8/30, respectively). The
" measured angular distribution for sz + (Nl-lj)x is shown in Fig. V-9,

Of all the Br. + (C12)x runs only the run on 3/26 has‘measurements on

2
both sides of»the cluster beam since all the other runs were taken
with the time-of-flight wheel in the apparatus. The significant
point to be made about the angular distributions ofv3/26_is that the
measured intensities on the negative angle side of the cluster beam
are about one order of magnitude less inténse than on thevpositive
side of the beam. Thié was another observation that indicated

condensation on clusters was taking place. Further measurements with

a time-of-flight arrangement corroborate these initial observatioms.
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The measured angular distributions for four different
detected ions are shown for the data taken on‘3/26/74.

The number of counts in 30 se;onds is shown for each angle.
The error barvrepresents'ohe standard deviation based on

the statistical deviation of the total counts. The arrows

~on the error bars indicate the error bar extends further

but is omitted for clarity and the solid points indicate
that the measured valve was below this point but was left
there for clarity.  The scales alternate from the left to

right starting with the top left for the first distribution.
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The measured distributions for five different detected ions
are shown for the data taken on 8/12/74. The number
densities are in arbitrary units but can be scaled with the

number of counts in 30 seconds being as follows at 5°:

Csrcit = 2500, Brict,t = 6400, Br.ci.t = 4300, Br.c1.t = 1320,

277 2% 28

and Br2C110+ = 1480, The error bars and symbols are the

same as described in Fig. IV-3.
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The measured angular distributions for-four different . |

detected ions are shown for the Br

+
5 (Clz)x data Fak?n

on 8/30. The error bars represent one standard deviation
based on the statistical deviation of the total number of
counts. The number of counts in 30 seconds is shown at -

each angle. The scales are the same as in Fig. IV-6.
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The measured angular distributidns for four different

detected ions are shown for the Br2 + (NH3)x data taken

on 8/31/74. The total number of counts in 30 seconds is

shown at each angle. The error bars represent one standard

deviation based on the statistical deviation for the total
number of counts. The scales alternate from left to right

with the top lefp‘for the first distribution.
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The ratio of the factors of the quadrupole and ion optic trans-
mission times the probability of jon formation from a given neutral

parent (T(nt + mA)Hn x) can be obtained by cbmparing the number of

?

counts of various ions at one angle since

. ’ . .' ]
5, (8,) T(a'my + mOH,

R, = Lo =
n',n Sn(ec) | T(nt_+ mA)Hn x

’

(22)

..

Comparisons of these measurements and Rh; n for the Br2 + (Clz)x and -

’

Br2 + (NH3)x data are shown in Tables IV-2 and IV—3.l One trend thaﬁ

can be observed from the Rvo factors in Tables IV-2 and IV53 is

_ ’
that as the number of cluster monomer units in thé ion decreases

the intensity of the ion increéses. This is reasonable since upon
severe fragmentation whére several small ions afe_formed the;e is a
higher probability to form a small ion sinéé fhere can be more small

fragments than large fragments formed from a given parent. It should

be noted here that there appears to be severe fragmentation of medium

12

size clusters (up to x = 60 for NH3) whereas it appears that larger

hydrogen clusters12 (x = 2000) do not fragment. Forvexample, a cluster'
size of n=40 for Br2 + (NH3)x will have a centroid at an angle Sé = 5°.

In the Br, + NH, systems no fragments of a mass higher than Brz(NH3)5

2 3
could be detected that would'give statistically-meanihgful values in
a reasonable counting time (~ 60 sec). - Since it was not possible at
the time to collect more data on larger size ions and the transmission

of the'quadrupole was not absolutely linear over the mass range studied -

it is impossible to obtain an exact functional depenﬁence of Rn'

s




from the preeent‘data.' Therefore, from the measured angular distribu-
tions a crgde trend for the cracking pattern can be seen aiong with
the fact tﬁar 1arge’c1usters undergo severe'crecking in the electron
_bombardmenr ionizer. :

Some more insight ihto which range of cluster sizes contribute
'moet heavily to the angular distribution can be gainea,byvremeving
the 1/sin26c of the Jacobian factor from the angular distribution.
The angular dietributions for the Br2 + (Clz)x data on 8/30 and the
Bré f'(NH3)x dafa are.shown with the 1/sin-2-9c term removed in Figs. IV-10
and IV-11, respective;y. The distributionsvfor Br2 + (C12)x in
Fig. IV-10 peak between 8°'end’10° which corresponds to a Cl2 cluster

size of x=11 to 1l4. For the Br, + (NH3)x reaction distributions

2
shownein Fig.‘IV—il,_the peak appears in the vicinity of 9 or 10 degrees
which cerrespends to a-NH# cluster size of x=20'to 22. The location
of the peak of the distributions with and without the 1/sih26C term
illustrates how powerfdl a weighting factor the Jacebiaﬁ is for
looking at condensation on these clusters.

from here it is not too difficult to make a rough estiﬁate of the
product of the flux, Fx’ and the cracking pattern, gn,x’ by using
Eq. (21) andesome rough estimares for the condensation and iqnization
cross sectiomns. ~The product‘of the flux and the cracking pattern'is
~ Snsinzecv‘
n,Xx X Qi (ABx)Qc (ABX)K

(22)



Fig. IV-10.

-258-

The angular distributions for four different detected ions

are shown with the l/sin29c Jacobian factor removed for the

Br2 + (Clz)x data collected on 8/30. The error bars are
one sténdard deviation based on the étatistical deviation
of the tétal number of counts. The centroid angles where
the peaks in fhe distributions occur corréspond to cluster

sizes of x=11 to 14. The scaling for the distributions

are independent of each other.
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The angular distributions for four different detected ions

are shown with the 1/sin—26c Jacobian factor removed for

the Br. + (NH3)% data collected on 8/31. The error bafs

2

are one standard deviation based on the statistical

deviation of the total number of counts and the arrows

on the error bars indicate a termination of the error bar

_ for clarity. The centroid angles where the peaks in the

distributions occur correspond to cluster sizes of x=20
to 22. The scaling for the distributions are independent

of each other.
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where the constant K which is valid for large X is

'Tlii(nt f‘mA)gFA

vaAvX

K

Assuming that the condensation cross section is proportional to the

2/3

area swept out by the cluster and thus varies as X and the

ionization cross section varies linearly with the polarizability28

and is thus proportional to X, then the product, Hn x FX’ can easily
_ _ ) . n, :

be calculated for a measured Sn. Plots of Hn F as a function of
. T . >

¥ are shown for the 8/30 Br2 + (Clz)* and the Br, + (NH3)x data in

Fig. IV-12. The linear dependence of B

2

, Fx qn x when plotted,onv
a semi-log scale_indiéated the expected exponentiél behavior for the
formation of the cluster. The linearity of the data is quite good
for higher clusters sizes where the above approximation is valid and
where fhe detected signal had»léés noise. The change in the slope
vof the liné that fits the different size cluster ions for the
sz + (Clz)x'data arises from the different probabilities of the
cluster, ABx,fragmenting into different ions. It éppears that the
probability of formiﬁg different fragménts from a pareﬁt becomes
‘equally likel& as the fragments,become larger.
The 1ast,interesting.observations in'the angular distributions

are the effeéts of varying the nozélé stagn#tion ﬁressure and the
nozzle oriface geometry on the lécation of the peak in the angular

distribution. The three aﬁgular distributions for the Br'2C16+ ion

are shown in Fig; IV-13 for three differént nozzle conditions. The

(23)

Y
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The two graphs show the product of‘the Crackihg pattern

‘and the flux of Bx’ H F , versus the cluster size, x.

n,X X

The upper graph shows the Brz(NH3)2+ ion from'the

Br2 +’(NH3.)x data. The lower graph shows the data for

three ions Br.Cl.', Br C16+’ and Br.cl, © from the

2772 0 °5 27710

Br2 + (Clz)x data taken on 8/30/74.
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is the BrCl' signal for a C1
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The measured angular distributions with the 1/sin26C

Jacobian factor rémoved are shown for the Br_, + (Clz)x

2

data taken on several different runs.- The top distribution

9 cluster nozzle operating at

450 Torr taken from the data on 8/12/74. The two following

distributions show thevBr2C16+ data, both taken on the

same run (8/12/74),. but with the upper one having a

400 Torr Cl, nozzle stagnation pressure and the lower

2

one having a 700 Torr Cl, nozzle stagnation pressure.

2
The lower two distributions are taken at the same stagnation
pressure of 700 Torr but with different nozzle geometries, -
The upper one has a channel length equal to the diameter

of the oriface and the lower one has a channel length

1/5 the diameter of the oriface. The scales for each

. curve are independent of each other.
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6

nozzle oriface geometry but at two different pressures, 450 torr and

first two angular_distribﬁtidns for BrZCI * are taken with the same

700 torr of Clz, rgspéctively; The resuit,‘as expected, shows a
lower relative concéntratidn'of_the higher cluster épecies.for the
lowgr préssurerfhan’for the highér.préssure as indicafed by the
location of the peak in each distribution. Slightly more interesting
is the effect of the nozzle geometry on the.relativeﬂqoncentration

of the cluéteré. The lower two angular distributioﬁs for the'Br2016+
'ion shown in Fig. IV-13 show this effect. The (C12)x clusters for
the first distributiqné were formed through an oriface with a .0127 cm
diameter_and-a.éhannei length of .0127. Tﬁe (C12)x clusters for the
éecoﬁd distribution were formed thfoqgh an orifice with a .0127 cm
diameter and a channel length of .0025 cm. Bothidistributioﬁs*were

taken with a Cl stagnation presSuré of 700 torr. The two distributions

2
indicate that the nozzle with the lbngef channel forms a higher

relative cohcentratibn of larger clusters. If one assumes that the
nozzle oriface with a channel length equal to its diameter starts to
approximate é Laval nozzle and that the oriface witﬁ the channel

length less than the diameter is a somic nozzle then the findings

here are in agreement with those of Hagena and Obért6 for cluster
formation in Ar and C0,. They find that to produce a given cluster

size the SOQic nozzle must be operated at a higher pressure than the
Laval nozzle. This is also true for these experiments. Aléo‘shown

in the top éngular.distribution of Fig. IV-13 is the angulaf distribution

for the BrC1+_ion taken with a C12 stagnation pressure of 450 Torr.
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It is presented here to show thatnthere iS no apparent change in the
shape of the distribution which might be expected if the Brél+ éignal
was coming from a.different re&ction at lower Pressures such as a
product from the sz + Cl4 reactioﬂ. Along with.the data shown in
Fig. IV-1, anrattemptzwas made to measure a B_rCl+ signal in the
vicinity of the Erz beam on 8/12/74 by counting for 300 seconds at an
anglé 4° from»the Br2 beam. After 300 Secondsvnb statistically meaning-
ful signal was observed. This along with the data shown‘Fig. IV-1
‘indicate that no BrCl+ signal could be observed ﬁear the Br2 beam.
Further informatién on this_néwly 6bserved condensation ﬁhenomenon
was obtained by‘compéring the measured time~of-flight distribugions
wi;h ¢alculéted distributions; The data was firét-coﬁpared to
convoluted centroid velocity distributioﬂs; The humber density
centroid distributions for the cluéters were caléulated by éxtending
previously used methods.29’30. Two beams of particles of masses MA
ahd XMh, where,’_XMB is the mass of a cluster of size X, are assumed‘
to cross at an angle y' (=90° for these experiménts) defining a .
_Qolume of intersection, T. The relative Qelocity, g, relative _
collision energy, E, and the center—of -mass veloéity for a barticular

cluster size x, Ex’ can be defined in terms of the velocities of the

particles in beaﬁs A and Bx’ GA and ;B , by:

VB
X
-MCx = xMB Ve + MAVA (23b)
2
ug
2

(23¢)

-3 (23a)

-
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where the mass factors M and p are given by

xﬁh + MA v (?43)

M

and

-
W

e

The velocities used here are illustrated in the velocity vector
diagram in Fig., IV-5, The number of reactive events per second, N,
can be expressed in terms of the number densities at the collision

zone, n, and n as -

X

N = nyng Q. (AB,) f f 8 P (v))Py (v ) dv, dvy (23)
v X ) o X x

where pA and pB ~are the number density probability density speed

distribution functions for beams A and Bx' This may also be written

Y' poo
N = f / P_(8,C) dC_ de , (26)
(o] (o} . .

where PX(B,CX) ddee is the nﬁmber of reactive collisions per second -

‘as

with a center-of-mass speed for a given cluster size x between Cx and
Cx + dCx and direction between 8 and 6 + df. Equating Eqs. (25) and (26),

P (6,C ) is written as
X x” v

B - 2. T
P (6,C) = nAanTQC_(Ava) gpA(vA)pr(}er)M C. /xM M, siny (27)
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This equation is useful for a flux detector but the electron bombardment
ionizer is a number density detector so that the corresponding centroid
distribution for a given cluster size becomes

8P (6,C )
X X

JX(G,CX) = -—-—E;-'—— (28)

where 6 is a constant characterizing the detector sensitivity. Since
the measured data,collected at a particular angle is a sum from

different size clusters, the appropriate centroid distribution is

Je,c) = 2 J (8,C) . - (29)
' x=1 _ :

Assuming that the beams intersect at 90°, letting K = n,.n_ T8, and

A'B
X
using the follqwing relations for g, Vo and vy, as a function of
x
8 and Cx as given in Ref. 29:
v, = MstinG/MA _ (30a)
va = Mstin(90—6)lxMB | | (30b)
g = MC_/m ) (30c)
where : . )
2 sin’(90-6) sinZe 17 -
n° = 5 + 5 ] (304d)
M, (M) -

the final centroid distribution can be expressed as

& ’ L o
J(,C) = Egi_KQC(ABx)pA(e,cX)pBX(e,cx) MC [uxMM . - (31)
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The number density probability density speed distributions pA

.and pB used in Eq. (31) are the nozzle nﬁmbe; density distributionv
e . o ' .

o) = kvl 0‘3._3 exp[-(v—vs)zlasz] : (32)

with v expressed as a function of 6 and Cx' The expressions used for

pA and.pB become
: X
3 Mzci sin’ MC sin(6) 2 )
pA(e,Cx) = 'kOLSA ——*—2-——'— expj — ——M—‘———‘ - VSA -/OLSA (33a)
. : . MA : _ A

and

' . '_3f Mzci sin2(90—6) ' Mstin(90—6) 2 ,
Py (8:C) = kagg —5 exp -( xMp = Veg) /%y
x . XMy

(33b)

SA® Vsa sB® VsB

respectively for each beam as described in the experimental section of

where o and O are the width ﬁarameters and flow velocities
this'chapter and k is a conétant.

The centroid veloeity distributions needed to compare to the
measured data were calculated using Eqs. (31) and (33a,b). A computer
pfogfam, CLUSTER, was written that calculates J(6,C) et a given engle
by first summing over a set of Cx velocities for a given angle and
then summing;over.the cluster sizes x for each Cx up to a value of x
that is sufficiently larger than the cluster siee that ‘is dominant
at the smallest LAB angle to be calculated. The caiculated centroid

- velocity distribution is then convoluted with the time-of-flight wheel

and ionizer parameters to obtain a time-of-flight distribution. This
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distribution is then compared with the measured data. ‘Ihe time-of -
flight distributions to be presentéd are the actual measured LAB data
with the ion transit time through the mass filter subtracted out.

The ion transit time through the'ﬁass filter is_siﬁply calcuiated for
the particular ion mass traveling the lengtﬁ of the quadrﬁpole at an
.energy_defined by the nominal ion energy for the ionizer}

The time-of-flight spectra for the Br,k + (Clz)x and the

2
Br2 + (NH3)xrsystems are shown in Figs. 1V-14,. IV-15, and IV-16A,B.
Each figure shows the time-of-flight distribution that was measuréd
for differeht_ibns during one run. The beam conditions and velocity
distribﬁtion parameters for.each Tun are-listedbin Table.IV—l.

Figure IV-14 shows the Br, + (Clz)x data collected on 8/12, Fig. IV-15

2

shows the Br. + (Clz)*'daté collected on 8/30, and Fig. IV-16A,B

2
shows the Br_ +'(NH3)x data collected on 8/31. The solid lines on

2
all the figures_are.the calculated.cent;oid timeéofFflight distributions.
FOr thesé cal¢ulations the cross section for condenégtion, QC(ABX),
and. the relative fluxes, Fx’ were assumed to be eQuai for all cluster
sizes and the constant K was set equal to unity. The equal cross
section equal.flux approximation should be reasonable for this
calculation siﬁce the only interest is to fit the velbcity (time—of—
flight) distribution at'a’given angle. Since only a small range of
cluster sizes (4) contribute t§ the major fraction.of the intensity
at a given angle, the variation of the cross section over this range

is probably small. However, a comparison of intensities at different

-angles using this approximation is liable to be inaccurate especially
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The measured time—of—flight spectra for two different
laboratory angles and several different detected ions are

shown for the Br, + (Clz)x data collected on 8/12/74.

2

The error bars represent one standard deviation based on

the statistical deviation for the total number of counts

“at each time. The solid curves are the’calculated time-

~of-flight distributions for the centroids at the particular

angle. Two measured distributions are also shown for

Brle and Br2016+ signals for data taken with the Cl2

stagnation pressure at 450 Torr.
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Fig. 1V-15.
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The measured time-of ~f1ight spectra for two different
laboratory angies'and two different detected ions are
, * (c’:12)x data céllected on 8/30/74.

The error bars represent one standard deviation based on

the statistical deviation for the total number of counts

at each time. The solid curves are the calculated time-

of-flight distributions for the centroids at the

particular angle.
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_Fig. IV-16. A&B.. The measured time-of-flight spectra'for_three
different laboréfory angles and several different detected

idps are shown for the Br, + (NH3)x data collected on

2
'8/31/74. The error bars représent one standard deviation
based on the statisticalydeviation for the totalvnumber

of counté at each time. Thé solid curve are the calculated

time—of-flight distributions for the centroids at the

particular angle.
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at lafger 8 values where the centroid cluster size is smalier.

The_first apéarent observation after‘looking at all of the
_distributiéns is that the peak of the calculated'distribution coincides
with the.peaks of the measured distributions tq within 10 usec. This
is a'vér& pleasing resuit since it is further ‘evidence that condensation’
: of a molecule on a éluster is being observed. Omn furtherve#amihation

of the data for Br, + (Clz)x in Figs. IV-14 and IV-~15, there appears

2
to be broadening of the measured speed distributions with respect to
tﬁe calculéted centtoidbdistributions as the léboragory scattering -
anglé increases. This cén'most likely'bé attributed to a small
vfraction'of.thé excited cémplex, AB:, decogposing before it reaches
: tﬁe detectdr. There appears to be an apbargnt dis@repancf between
the distributién for Br2'+ (C12)x shown in Figs. IV—14 and IV-15.
For exémfle, at a LAB angle of 10° the meaSured déta in Fig. IV-14
‘appears ét shorter times than the centroid calculétion and in Fig. Iv-15
the measured data apﬁears at longer times than the qentroid calculation.
~ The Br2 +‘(C.]72)x data shown in each figure was taken on differenf runs
using two different nozzle oriface geometries., ‘As discussed previously,
the differéﬁt nozzle geometriesvdetermine.thé relative concentrations:
of differeﬁf élusters, with a.long channel oriféée §roducing;more

larger clustérs thén a short channel oriface. This effect can nov _
be.seen in.the fime-of—fligﬁt speétra. The data presented in Fig. IV-14
corresbonds to the data collected using the longer-qhannel ahd having

a higher.relative concentration of larger'clustgrs,- Referring to the

- Newton diagram for Br., + (Clz)x shown in Fig. IV—17; a fragmentation

2
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of tﬁevglustér with a resu1ting'sma11'recoil velocigy would lead to
faster\pfpducts‘appearihg at 10°.which is exactly what is seen in |
Fig; Iﬁ-lé.' With the distribution of cluster_Siéeé moving toward
sméller clﬁsters as 1s'£he case for thé data presented in Fig. IV-15,
then the wider angle centroids'will>have.a larger number of complexes
and upon fragﬁentationIWill coﬂtribute to smaller angles; This will -
appear as particlés with a slower laboratory veloéity at a given
angle which conséquently appears at longer times in the time~of-flight
-distribq;ions.' This is observed at angles of 5 and 10 dégrees for

the 8/30/74 Br, + (Cl,) data shown in Fig. IV-15. So there is

2
further evidence that nozzle geometry does play an important rule in

determing the relative concentrations of the different size clusters in-
the beam. The same trend in the data can also be seen in Fig. IV-16A,B

fqr the Br, + (NH3)x_system.' In this system the deviation of the

2
measured distribuﬁion from the calculated one becomés quite apparent

at 0=15° where the measured data is approximately 100.usec wider at
FWHM,'

Ultimately one would like to be able to predicf the approximate
lifetime of the clusfer éompléxf AB:, for different cluster sizes by
determiningv&hether the complex lives long enough tb reach the detector.
vAlso in£orm5ti6n on the channel or channels by which the complex
décompoéés‘would be intéresting.v.Unfortunately,.this would require
the knowledge of many more vériablés than are known at the present

time. The relative cluster concentrations in the beam, the relative

condensation cross sections for all the different size clusters, and
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.the cracking patterns for thé complex must be knoﬁn in order to do a
vdetailed‘calculation. What éan be gleaned from the present data,
though, is a'qualitéti§¢ picture of the péssible reaction channels.

The velocity vector diagrams with superimposed calculated centrdid
velocity distributions for different centroid angles afe shown for

the two different reactions in Fig. iV-17. A regular plot of the
calculated céntroid velocity distributions are shown in Fig. IV-18.

It éhOuld be noted here that a 1argé fraction of the breadth in the
time—Of—flight distributions comes from the timé—bf—flight gate
functions and not the width of the velocity distributions. Looking

at the_velocity vector diagfams, it is apparent that interﬁretation

of the velocity diStribution at a given anglé'will be increasingly more
difficult when the velocity of the recoiling'particle increases

because there will be more "cross-talk" between clusteré of a larger
range in size.b Qualitatively one would expect tb seé more slow
vélocity-praticles at smaller angles and mofevhigher,velocity particles
at larger angles, if particles are allowéd ﬁo recoi; out of the cluster.
This is observed for all of the measured velocity distributions except

for 10° on the 8/30 Br_. + (C12)x run. To obtain abcrude estimate of

.

2

the upper limit for the recoil velocity from the cluster, a computer
program that transforms an assumed center-of-mass distribution into

31,32 was used to calculate velocity distribu-

a laboratory distribution
tions at laboratory angles for which there was data. The resulting
velocity distribution was then convoluted over the time-of-flight

wheel and ionizer gate functions to give a time-of-flight spectra.
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Fig. IV-17.. The Newton diagrams for the Br, + (Cl_z)x and the

2

Br, + (NH3)# reactions with the velocity vectors
indicating the actual most probable beam velocity used
in the experiments. The C values on each angle denote
the clﬁster'sizebthat contributes most gt‘the particular -
centroid angle. Thé velocity distributions superimposed
on each angle are the centroid velocity distributions

that were convoluted over the detector gate function to

give the time-of-flight spectra shown in Fig. 1v-15 and

IV-16.
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Fig. IV-18. The calculated centroid velocity distributions that were
convoluted over the detector gate function to produce the
time~of ~flight spectra shown in Fig. IV-15 and IV-16 are
shown. .
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The center-of-mass distribution used in the calculations was isotropic,
with the recoil velocity represented by a Maxwell—Boltzman distribution
whose'peak velocity could be varied. Several distributions were
calculated for diffefent recoil velocities from the ﬁost probable
cluster cérreéponding to centroid angles of 5, lb, and 15 degreés
for the'Br2 + (NHS)x systeﬁ. Again, the.cross séptions were assumed
to be equal for all éluster sizes and the relative cluster concentrations
were assumed to be equal. A fecoil velocity of l><104 cm/sec is the |
' upper limit where the calculated distribution will be wider than the
mgasured one. This velocity corresﬁonds té a relative recoil energy
of apprqximately 0.5 kcal/mole for a small product (i.e. BrZ(NHs)x;
where x = 1,2,3;4) up to 1.0 kcal/mole if the heaviest cluster splits
evenly. This energy is less than 77% of the relative‘collision energy
of the par;i¢1es which is 14.2 kcal/mole for a cluster of x=40 and-
10.2 kecal/mole for a cluster withbx=i3. It should be‘mentioned again
that these numbers come from a very crude calculation that includes .
only threé cluster sizes and does not take into accbunt, tﬁe
éondensation cross section, relative intensiﬁies of different cluster
sizes, éracking patterns, or the dependence of the complex lifetime
on the cluster size. |

The data collected so far on the two systems studied has definitely
shown that a new phenomena of condensation on a cluster to form a
comﬁlex Which has a long lifetime or fragments into particles with
very small.recoil velocity has béen seen. From tﬁevangular distributions

the largest concentration of cluster sizes for (Clz)x is 11 to 14 and for
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(NHB)X is 20 to 22. 1t also appears that the cluster is able to
absorb up to 14 kcal/mole of energy in its internal modes for clusters

where x=40.
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D. Discussion : _— ‘ i

Like most unexpected observatidns,.these experiments with clusters

have asked more questions than they have answered. The main conclusions - -

from the experiments performed so far are that condensation of molecules
on clusters to form‘a long lived complex (‘l’>10-4 sec, assuming the v %
complex lives to the detector) can definitely be seen in prossed
molecular beam experimenté aﬁd severe cracking of the cluster complexes.
has als; been seen in the mass spectrometer. These are the two
definite conclusions froﬁ the presently collected data. From the
broader width of the measured velocity distributions, it appears that | o |

a small fraction of the complexes are decomposing before reaching the

detector. This can either be a small part of the cluster "boiling off"

or the splitting of the cluster into two equal size fragments. A

lack of knowledge of the cluster cracking patterns and the relative

cOncéntration of ‘the incident clusters'as deséribéd'in'the previous

section does not permit the two decomposition channels to be distinguished.
The questions that arise from these experiments are many. First,

to extract much more information from experiments of this type the

cracking patterns of these clusters must be determined or an ionizer

must be developed'that will.predominately give thevparent ion. Hoﬁ _ i
to accomplish this is one of the more difficult experimentél proﬁiems. ;
The second question that ariseé is how to determine the relative

concentrations of clusters in the beam. This again is a difficult |
problem and could itself be an entire study of nucieation processes

in the nozzle expansion. If these two problems can be solved or



circumvented mofe interesting questiéns'gbout the complexes themselves
can be s;udied. Determination of propertieé.such as the éondensation
Cross section dépendence_and the decompoSitibn éhanﬁel of the comple#.
bn cluster size would se very interestiﬁg. The mode.of decomposition
of the cluster complex could be determined by a standard molecular
beam analysis 1if it wefe possible to prepare a beam of cldsteré that
céntained only one;size clﬁSter'br a very small range in cluéter
sizes. It dpes“hot seen unreasonable that it may be possible to form
a sourée of this type which utilizes the phenomena already observed.
If two ﬁozzles caﬁ be mounted at 90 degrees to one another behind oné
skimmer in such a way. that intersection of tﬁe axis of the skimmer

and ﬁhe axis of the primary nozzle can be set at va:ious angles, it
should be possible to ''skim off" a sﬁall.range of cluster sizes.

These can then pass through to the collision chgmber where they are
crossed wifh the other beam. Forming cluster substrates with another
type of molecule on the surface may also be preparéd by this technique.
Experiments'of this type may give qualitative insiéht into the
structure of different size clqsters. The sfructure of large clusters

0 where x is greater than 500 has been found to be

of Ar, Coz, and H2
crystalline as observed by electron diffraction of clusters in a nozzle
expansion.l7’18 Due to a lack of sensitivity this technique has not

" yet been able to measure an electron diffraction pattern of smaller
clusters where the structure becomes non-crystalline. It seems that
much work is to be dbne before there will be a thorough understanding

of nucleation of neutral clusters of sizes between 5 and 100. Experiments
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of ioginucleation seem to be more promising at the present time since
. the severe problem of cracking patterns is not preseht with ions as

it is with neutrals. Some interesting experiments on the condensation .

of water on hydrated protons have been done by Searcy and Fenn.33 Use

of a héavy ion rather than a heavy neutral, such as Br used in these

2

experiments, may prove to be a better way of probing the clusters

formed in the nozzle exbansion since this would again eliminate the

problem of the ionizer cracking patterns.

These interesting effects observed in these experiments along with
the many possible future experiments on cluster properties have not '
2 + (Clz)2 and Br2 (Clz)x

systems obtained by the Harvard and present groups. The reaction of.

dealt with the discordant results for the Br

Br2 + Cl4 observed by King, Dixon, and Herschbach26 shows very
‘ F ‘

pronounced forward and backward scattering symmetric about 90° in the

center-of-mass system, whereas, the observations of these experiments
indicated no BrCl product was forward or backward scattered but only

a condensation complex of Br, on (C12)x was formed. Our experiments

2

were performed at Cl, nozzle. stagnation pressures down to 400 Torr

2
. and at a temperature of 298°K as shown in fig. IV-13. At a c1,
stagnation'pressuré of 450 Torr, only a decrease in the count rate

was observed for the velocity distributions but no apparent change

in the ;hape of the distribution was observed as shown in'Fig.'IV—lé
that would indicate that anything besides a complex was being observed.

The angular distributions taken at a Clzéanozzle'stagnation pressure

of 400 Torr -as shown in Fig. IV-13 also do not appear to‘change shape
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on varying the preSSure. In additioh to the data shown in Fig. IV-1,
BrCl signal was also looked for in the vicinity of the Br2 beam with
the C1 pressure of 400 Torr and “even after counting for 300 seconds

2
of an angle 4 degrees from the Brzvbeam no statistically meaningful
signal was observed. The only phenomena observed in the data collected
in these experiments has been that of condensation. There was no

indication that the Br_ + Cl, reaction was being observed. The Harvafd

. 2 4

group was also unable to reprdduce our results. This appargnt
experimental disagreement may still be arising from very subtle effects
in the operating charactefistics of the nozzle sourcés which appear to
be very sensitive to the temperature, pressure, and geometry»parame'ters.34

The obsef&ation of ;his condensation on clusters in crossed
molecularvbéams is peculiar to experimehts using supersonic nozzles
for sources. We have also observed this condénsatibnjphénomenon in
r;actiOns of alkaline-earth halides with chlorine. In particular; the

reaction

BaI2 f Cl2 -+ BalICl + ICl
had a sharp peak near the chlorine beanm Superimposedvon the angulaf
distribution for the reaction. kThis again can be attributed ;o
condensation on the clusters. So care must be taken in interpreting
data from experiment performed using suﬁersonic nozzle:sources.

In conclusion there seems to be many interesting experiments to
be performed both for the simplér Van der Waals molecule and also the

larger clusters. One important experiment that should be reexamined
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is the effect of nozzle conditions on the formation of clusters in the

beam so the apparent discrepancy between dimer reactions and the Br2

condensation on the 012 clusters can be resolved since both of these

phenomena can lead to many more exciting experiments.

_i




Table IV-1.

Beam Conditions for Different Cluster Experiments.

Width

1 . 3. : Flow Beam
Run Source Molecule Temperature . Pressure Velocity (Vf) Parameter Width
(Date) Chamber (°K) (Tor;) oy (m/sec) oy (m/sec) (FWEM)
3/26/74 1 €1, 298. 780. n.m.2 n.m. 1.1°
3/26/74 2 Br, - 298. 250. n.m. n.m. 1.5°
8/12/74 1 | (c1,) 298. 700. 440. ©29.5 1.1°
8/12/74 2 ~ Br, 323; 260. 331. 49.4 1.5°
8/14/74 1 (c1,) 298. 710. 440. 29.5 1.1°
8/14/74 2 Br, '318. 260. 331. 49.4 1.5°
8/30/74 1 - Br, 323 260. 336. 36.6 1.1°
8/30/74 2 (1) 298, 700. 400. 29.5 1.5°
8/31/74 1 - Br, 323. - 260. 336. 36.6 1.1°
8/31/74 2 (c1,)_ 298. 700. 900. 72.8 1.5°

1. Source chamber 1 is the modulated beam.

2. Not measured.

3. Thermocouple reédings

-£6C~
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Table IV-2. R, Factors for Br, + (Cl,) TF
: n, i 2 T27x
Rh')n
N
n',n | 5° 7° 10°
2, 2 1.0 1.0 1.0
2, 3 .67 69 .78
4, 2 .21 .20 -
5, 2 | .23 .31 S .33
fR =8 ,(8)/s (é ); see Eq (22)
n',n n' ¢’ nte”? :
o

The detectdr resolution is the same for the different ions Table IV-3

+ t
Rn',n Factors' for Br2 + (NH3)x

Rn',n
6C
n',n | 5° 7° 9° 11°
’ *
1, 1 1.0 1.0 1.0 1.0
2, 1 .78 1.52 1.59 1.11
3, 1 47 .55 .59 .70
5, 1 ‘ .36 .40 .037 - .035
T =.s (6 )/S (B ); see Eq. (22)
n',n n'“e¢’"nte”? '
%*
n=1 is for BrNH3 _
t

The detector resolution is the same for different ions.
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APPENDIX II-4.

Calibration of the Time-of-Flight Apparatus

Thié appendix exﬁlaiqs a,prdcedure for détermining the delay time
arising froﬁ the photodiode reference signal from the tiﬁe;of—wheel
turning on at a differeﬁpltimé from the aétual time that the beam
turns on. The experimental arrangement is shown in Fig. II-
looking from the time-of-flight wheel toward the detector for the »
wheel turning in both directions. PD represents the location 6f the
photodiode and x=0.is defined by the line passing through the center.
of the detector hole and the center of the time-of-flight wheel. Let;ing
F fepresent the width of the detectbr hole, Hvreprésent the width of-
the timeFOf—flight wheel slot, and Xpp, the distance of the photodiode
from x=0, then the distance Xpy can be determ?ned by looking a; the
signals from a beam for the time-of-flight wheel turning in opposite
directionég Once Xph is determined the delay time cah be calculatedv
for any speed of the wheel. If T is the true turn.on time of the‘
beam of mdlecules defined as that point where the leading time-of-flight
slit passes over the first de;ector slit.and TA is the apparent turn
on time of the reference signal presently defined as when the trailing .
‘edge éf the time-of-flight slit passes over the photodiode causing
.it to send the reference signal to the computer, and Vw is the velocity '
of the wheel at the photodiode, then for case 1 where the wﬁéel is

turning in a clockwise direction.

TAL = T + (-12"—+ H - x, )/V




-299-

For case 2 with the wheel rotating in the CCW direction

TA2 = T + (- %- H - %)/ (- V)

' So by comparing a reference point on a measured time-of-flight

.distribution for the wheel turning in each direction and comparing -

the‘appafent times of the reference point one obtains

TA2 - TAL = (-3 - H= X, )/(-V) - G+ H - X, )/(V )

or _
Vw(TAZ ~ TAl)

Xy = 3

where.vw is simply the circumference of the wheel at the photodiode
divided by the period of rotation.

Since.there may be an ﬁncertainty in the triggering level of the
disciiminatof from the photodiode pulse, care.muét be taken to set
the level to obtain a pulse width that corfesponds to the widfh of
the slot on the wheel turning at its set frequency. The frequency is
simply obtained from the period between pulses thus enabling the trigger
level to bé set to give the theoretical pulse width. .However,'only the
ratio of the actual pulse width to the theoretical pulse width needs

to be known.
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The relation betweén tﬁe time—of—flight wheel with élot
H, the detector entrance slit of width F and the location.
of the photodiode PD are shown for thé wheel turning in
the clockwise and counter-clockwise direction. The figure

is viewed asspming the time-of-flight wheel is in front

- of the detector entrance.

iy
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