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1. INTRODUCTION

A modification has been made to the Mattauch-Herzog Spectrograph with an electro-
optical ion detector (ECID) previously designed and constructed for JPL, so

that it would be capable of operating not only in the electron-impact (EI) mode
of iomization, but alsc in the chemical lonization (CI) mode., This modifica-
tion mecessitated an effort in three specific design areas. These areas were:

1) sample inlet, 2) ion source and amalyzer regions, &nd 3) the pumping system.

In addition, an appropriate electronics package had to be designed to contrel
and operate the combined EI/CI source.



2. SYSTEM DESCRIPTION

2.1 VACUUM SYSTEM

In order to &ccommodate the increesed flow of gases into the source region of
the instrument due to CI, the pumping requirements for the source region and
the analyzer region had to be determined. A vacuum pumping system was then
designed based con these requirements. Project Note 1 deals with the calculation
of pumping speeds for both air and methane with the chosen vacuum pumps and

their associsted daffles.

it was decided that the pumping system in the source region would consist of
2 Sargent-Welch 1402 mechanical pump (160 1/min) and a Varian VHS-4 oil
diffusion pump (1250 1/sec). 1In the snalyzer section, & Sargent-Welch 1405
mechanical pump (60 1/min) and a Varian M-2 oil diffusion pump (175 1/sec)}

8are used.

& new ion source housing had to be designed to mate the CI/EI source with the
existing electrostatic sector housing. The source had to be mounted on a
flange to maintain easy access for maintenavce. Figure 1 illustrates the ion
source-plug connections., Table 1 lists the Ion Source~Plug-Terminal Strip
Connections. Project Note 2 describes the design of the housing, while Project
Note 3 shows that the flow rate between the source region and amalyzer region
is 0,.5%, This indicates that the housing design has made a tight fit and

is functioning properly.

In addition, an alphas stop was designed and properly located between the
object slit and the electric sector to limit the angular spread of the ion

beam to #1°.
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TABLE 1

Ion Source=Plug~Terminal Strip Connections

Source Comnection

Source Block Heater

Source Block Heater

Thermocouple

Thermocouple

Total Ion Monitor at
Alpha Stop and Ground

Filament
Filament

Left Repeller
Right Repeller
Source Block
Right Ion Focus
Left Ton Focus
Negative Z=Axis
Positive Z-Axis
Positive ESA
Hegative ESA

Plug Connector

UPPER PLUG

D

=R T -

BOTTOM PLUG

L I TR o B T =

Hene
None
None

None

Terminal Strip
Connection
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None
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2.2 INLET SYSTEM

To accommodate the introduction of reagent gases for CI, a new sample inlet
systen wvas designed, This system had to be capable of not only allowing flow
of 2 atm cc/min for CI operation but also of being switched to a region where
2 flow splitting of 20:1 occurs so that EI conditions prevail. The imlet
gystem would also have to be imsulated from the source block so a gaseous
discharge would not oceur from the source block which 4is at a high potential
of ca., 1300 V. Project Note & describes the design of the inlet system and
Project Note 5 details the testing procedure involved with designing the
insulating technique for the gas inlet line.

The inlet system was designed to have a thermal zone with a temperature of
200°C controlled to 410°C.

2.3 DETECTION SYSTEM

The detection gystem for thie instrument consists of five microchannel plates
in series along the focal plane of the mass spectrometer. These microchannel
plates have been gupplied by JPL and were fabricated by Galileo Electro-
Optics Corporation. The microchannel array (MCA) produces efficient econversion
of the incoming ions to secondary electrons and causes further secondary
electron multiplicaton, yielding & gain of 103. The electrons are then
accelerated and allowed to strike a phosphor. The intensity of the image
formed on the phosphor is proportionzl to the number of lons striking the
MCA. In the present arrangement, the image intensity ic measured by a Gamma
Scientific Photometric Microscope, Photo Multiplier, and Digital Photometer.
The calibration of the detector was discussed in Project Note 18 in the Final
Report for Contract No. HAS7-100.

The output of the digital photometer was fed to the input of an X-Y Kecorder
or & time-based Strip Chart Recorder. It was possible to obtein a complete
recording of the mass spectra by moving the photometric microscope along the
focal plane and displaying the output on the strip chart recorder producing
a mechanical scan of the spectra. If a very small segment of the spectra is



needed to be displayed, the photometric detector is positioned end the
acce.erating potential scenned from V(ACC) to V(ACC) #100 V. The output from
this voltage scan was displeyed on the X-Y Recorder. Because of this record-
ing scheme, it was necessary to have a continuous production of the mass
spectra. Thus, it was not possible to utilize & gas chromatograph for sample
introduction &5 a steady state sample would not be available.

In sddition to the detection system described above, the capability of
utilizing post-focus ion acceleration (PFIA) has been designed for the exit
region of the magnetic sector. The purpose of the PFIA is to give the ioms
sufficient additional energy (beyond that obtained from the accelerating
potential) to increase the yield of the MCA, resulting in an increase of

S/K. TFigures 2 and 3 illustrate the electrical connectlons for the electro-~
optical ion detector (EOID) and the schematics for the electrical ecomnections
for NON-PFIA and with PFIA,

2.4 ELECTRONICS

The electronics package developed for this ipstruwent has three primary
functions., These are: 1) to supply all voltages to the CI/EI ion source,
2} to provide means to control the temperature of the inlet and ion source,
and 3) to provide power for the vacuum system. In addition, protective
circuitry and voltage scanning are provided for some systems. Figure 4 is
the source control panel layout while Figure 5 is the schematic of clrcuitry
which supplies power for: the filament, for emission regulation, potentials
for ion acceleration, repellers, lon focus plates, Z-axis lens and the
electrostatic analyzer. To protect the filament, the filament power supply
will not operate unless the accelerating voltage is greater than 500 volts.

As previously mentioned, acanning the mass spectra over & range of 100 volts
by a2 continuous voltage ramp is achieved by & eir uit illustrated in Figure 6.

Temperature control for the source block and inlet systems is achieved by
thermocouples in each area snd & Wolfe Industries Temperature Controller
Style 303K regulates the temperature st 200°C #10°C.
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Figure 7 is the schematic for the wiring to provide power to the mechanical
pumps, diffusion pumps, and to the electronics package. Additionally, there
is & pressure sensitive water flow switch in the circuit to the diffusion
pumps. In the event the flow decreases and adequate cooling is pot provided

for the diffusion pumps, power is cut off to the pumps.

2.5 NORMAL OPERATING VALUES

To provide for a reproducible experimental environment, the following values
of operating parameters were normally wsed: accelerating potential, V(SB):
1500 volts; phosphor voltage: 3900 voits, and the voltage to the MCA: 1000
volts. Table 2 lists the voltage range available for the lon source poten~

tials and focusing parameters.
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TABLE 2
Ton Focusing Parsmeter Voltage Range

Parameter Range
Repeller Ho. 1 and 2 1400 ~ 1422
Source Block 1400
Ton Fogus No. 1 and 2 1292 - 1400
Z2-Axis Lens 345 =+ 560
Positive ESA 86 » 108
Negative ESA -86 » ~108

=13=



3. EXPERIMENTAL RESULTS

3.1 EOID CHARACTERIZATIORN

Since all of the gpectral information geperated in this instrument was
obtained by the conversion of ilons to secondary electrons in the MCA, it

was very important to have the MCA well characterized. For this purpose,

two experiments were initislly performed. The first experiment determined

the peak intensity as a function of ion accelerating voltage. The voltage
range selected was from 1000 to 2000 V for ions of m/e 131. Both voltage and
mechanical scans were made of the same mass peak for several accelerating
potentials. Figures 8 and 9 show the voltage and mechanical scans respec-
tively. It is apparent that the experimental points do not ghow & smooth
curve for the relationship between intensity and accelerating wvoltage, which
would indicate thst the MCA does not yield s uniform gain across its surface.
This was confirmed in a eeparate experiment where the sensitivity was measured
along the MCA plane. A mass peak equivalent to m/e 381 was moved slong the
MCA by a slight change in the accelerating potential. The photometric micro-
scope was then repositioped and a voltage scan was recorded. Figure 10
illustrates the variation of the sensitivity slong just 0.100 inch of the MCA.
Within this length one measures & sensitivity variatiom by a factor 3.5. This
indicates that no quantitative information should be obtained from & mechanical
ocan of the MCA plane, as the gain is not uniform. Quantitative information
can more reliably be accomplished by voltage scanning. The reasen for this

is that the area of the MCA used during analysis via voltage scanning is kept
copstant. Thus the gain in the MCA is also constant.

Another quantity wmeasured during the experimental etege was the rotation of
the image o5 a function of the voltage applied to the EOID. Figure 11 illus-
trates the variation of the peak intensity, peak Iategral, and the image
angle for m/e 381 ions as & function of applied voltage to the phosphor.
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There is 2y image rotation of 10 deprees when the applied voltage between the
phosphor and the MCA is changed 1200 volts. The image sngle is important for
the fabrication of the f£iber optics which will be used to transfer the image
out of the EOID as it will have to be rotated to the corresponding angle.
Figure 12 represents the image position as a function of the potential differ-
ence between the MCA sand the phosphor. It sppeers that s&s the potential
difference increases, the image height also increases slightly.

3.2 MAGNET POSITIONING

Due to addition of the CI/EI source, the entire instrument had to be dis-
assembled, After reassembly, the optimum position for the magnet had to be
experimentally determined. To achieve correct positioning, perflurokerosene
(PFX) was introduced into the system and mass peak 381 was located. Voltage
scans of this mass peak were obtained at various magnet positions and the

full width at half maximum (FWHM) was determined. Figure 13, shows the
results of plotting the FWHM vs magnet position. A similar plot, shown in
Figure 14, was made of the same peak under the conditions of PFIA. It is
apparent that the optimum position (the position which results in the minimum
FUHM) occurs at a position of approximately .150 inch without PFIA and at .175
inch under the conditions of PFIA. These positions are expressed relative to a

fully forward position.

3.3 2-AXIS LENS EFFECT ON TRANSMISSION

After the proper magnet position had been found, it was useful to determine the

effect of the Z-axis lems on ion tramsmission. For this purpese, perflurobutene

(PFB) was introduced into the ion source to give & pressure of 10‘-6 torr in
the source housing. An EI spectra was determined with an electron beam emis~
gion current of 0.15 mA at 1500 volts ion accelerating potential., The photo-
metric microscope was set to monitor the pesk corresponding to m/e 181.

The intensity of the m/e 181 pesk was measured with an applied voltage and
ground potential to the lens. When at ground, refocusing of the image was

=19-
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necessary. Figure 15 illustrates the image itensity of the m/e 18l peak both
with and without applied voltage ms well as with voltage and mechanical scans.

The improvement of the ion transmission due to the Z-axis lens potential was

almost four using both mechanical and voltage scans.
3.4 RESOLUTION

From early experiments, it became evident that possibly a skewing of the magnet
had occurred during reassembly, resulting in misalignment of the ion and MCA
focal planes. This meant that different values of ESA potential would be needed
to achieve optimum resclution for different masses. To select compounds which
Produced sizable mass peaks for resolution measurement, freon €318, PFB, PFK,
and penthrane were used. These compounds have base peaks ranging from m/e 200
to m/e 400.

3.5 FREON €318

Freon C318 was introduced into the system to give a pressure of 4.7 x 10-6 torr
in the source housing. A mass spectrum of this compound is shown in Figure 16.
Figure 17 is & voltage scan of the m/e 131 peak. The resolution at this point

is 149.

3.6 PERFLUOROBUTENE~2

Perfluorobutene was introduced in the system in order to obtain an EI and €I
gpectra utilizing methane as the reagent gas. This was a particularly useful
sample as it produced the same mass range as the freon C318 enabling easier
mass identification. Figures 18 and 19 represent mass scans of PFB under EI
#nd CI conditions respectively. As one ecan see, the methane has caused an
increase in the sensitivity for groups of ions with m/e approximately 181, 1560,
and 140 gnd a decreasse in sensitivity to m/e 131, 150 and other middle mass

peaks.

AR ST
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Figure 20 illustrates the resolution obteined for m/e 181 in both the EI mode
(R = 339) and the CI mode (R = 226).

3.7 PERFLUOROREROSENE

It wvas then determined to extend the mass range of our sample to approximately
m/e 400. For this purpose, PFK was introduced into the system and tested under
PFIA conditions.

Figure 21 illustrates & mass spectrum of the peaks m/e 381 and 382 under
conditions of mo PFIA. The measured resolution was 572. Under PFIA conditions
&8 mass spectrum for the range m/e 3B81-400 was taken with the resulting resolu-
tion dramatically reduced to 237. This is shown in Figure 22, This decrease
in resclution is due to the fact that PFIA causes the ion image to distort

into the shape of & comma. Since the photometer detector merely integrates

the vertical projection of the image in its path, the output is a broadened
dmape.

3.8 PENTHRANE

Penthrene was introduced into the system to see if a better CI spectra could
be obtained with methane &s a reagent gas with a nonfluorinated compound.
Figures 23 and 24 represent a portion of the penthrane mass spectrum in the
range m/e 129-133, in the EI and CI mode, respectively. The resolution at
m/e 129 in the EI mode was determined to be 214 and in CI was 205. Table 3
lists the resolution of four mass peaks in both the EI and CI modes. These
four masses cover over one half of the mass spectrum. In all cases, the CI
mode gave essentially the same spectrum and resolution already obtained in
the EI mode of ionization. This ralsed the question of whether or nmot true
Bpectra were obtained under ideal CI conditionms.

3.9 DETERMINATION OF OBJECT SLIT WIDTH

Prior to digassembly of the instrument for the conversion to the EI/CI source,
the best resolution that was cobtained at mass 381 is shown in Figure 25. The
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TABLE 3

Resolution of Various Mass Poeitions in Penthrane

Resolution
Mass Number EI CI
83 179 157
129 214 205
145 243 195
180 294 327
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R = 381 x %L% = 43

FIGURE 25
PFK With 0.001 Inch Slit-Before Modification -



object slit width was 0.001 inch and the resolution cbtained was 431. When
the instrument was reassembled to increase the asensitivity of the apparatus
the object 8lit width had been enlarged to 0.0023 inch. It was thought that
an improvement in resolution would result in returning to a 0.001 inch.

Since a resolution of 572 was already obtained with the 0.0023 inch slit it
was guestionable whether a significant improvement of resolution (with a
conconitant decrease in sensitivity) would result in switching to the 0.001
inch slit. Project Note 6 looks at this question in detail, from the results,
it was decided to leave the slit width at 0.0023 inch.



4. CORCLUSIONS

The experimental phase of this program showed that the conversion of the EI source
to an EI/CI source was successful, Utilizing a two mil eobject slit, 2 resolution
of 572 was obtained at m/e 381 in the EI mode. At the same time a resolution

of 372 at m/e 1B0 was obtained in the CI mode. This compared to a resolution

of 294 for the same peak in the EI mode.

The spectra generated by the chemical ionization did not exhibit the qualities
that were expected. That is, the characteristic M + 1 peak (where M is the
parent ion msss) was absent, nor was there a dramatic decrease in the number

of lowsr mass peaks. The most likely reason for this behavior was the ratio

of reagent to sample gas. This ratioc under typical CI conditions should be
3_10331. Since our CI spectra were run at rsatios less than this, we probably
did not achieve ecmplete chemlcal ionization vconditions. As the gas handling
system was designed for use with a GC this ratio could not be achieved in prac-
tice with steady state sample input.

The use of PFIA resulted in a distorted lon image; the actual image shape
being very dependent on potential applied to the lens plates ashead of the MCA.
The cause of this distortion needs to be determined, so that the advantages
of using PFIA can be realized.

In general, the EI/CI capability of this instrument is very high. Some minor
sdjustments have to be made in the positioning of the magnet so that the maxi-
mized resolution can exist simultaneously along the entire fon focal plane.

The instrument will then provide the type of analysis envisioned for it.

38~



APPENDIX A
PROJECT NOTES

CONTRACT NAS7-100



Project Note No. 1
G.J. Fergusson
November 1978

Pumping System for CI/EI Source

Ion Source Gas Flows

Csiculations of source conductance and data from the manufacturer show that
the required gas flow through the ion source is approximately 2 atm cc per min
of CH4 to give a pressure of 0.5 torr in the ion source, or 4 atm cc per min
for pressure of 1 torr in the ion source. The pumping system for the ion
source housing should have sufficient speed to maintain & pressure of 1 x 10*4

torr cutside the ion source for 2 atm cc/min input of CHA.

Gas input to the analyzer comes from two sources — source cbject slit and
leakage through the differential pumping cervier, Typically, these combined
gas flows will be in the range 1/2% to 1% of the gas flow to the ion source -
0.01 atm cc/min to 0.04 atm ec/min.

The pumping system for the analyzer must maintain pressure in the analyzer
below 1 x 10“5 torr (preferably 5 x .'1.0"'6 torr) to avoid broadening of the

mass peaks by lon-molecule collisions.

Source Pumping System

Desired pumping speed to maintain a pressure of 1 x 10—4 torr for 2 atm cc/min

input of CHA is:

2 -

T oam— —_— . 10 llsec
60 10 4

= 250 1l/sec
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A Varian VBS=4 diffusion pump (1250 l/sec) end Varian 326-4 LNZ trap (conductance
600 l/sec) had been previously selzcted for the source housing pumping system,
vielding & combined speed of 405 1/sec for air or 543 1l/sec for Ci,. Connec-
tion of the LN2 trap to the source housing was planned as an elbow of 4 inches
diameter with a design reguirement that provision be made for possible later
8ddition of a gate walve. This would increase the copmection length to approxi-
mately 15 inches reducing the conductance of this lime to 455 1/sec for CH4
and the pumping speed at the ion source to 250 1/sec for CHA.

The diffusion pump was backed by & Sargent~Welch 1402 mechanical pump with
150 1/min throughput in order to maintain low foreline pressures during
CI operation.

Pumping speeds and pressures during CI operation are given in Figure 1,

Analyzer Pumping System

A Varian M2 diffusion pump (175 1l/sec) and a Variam 325 LN2 trap (conductance
of 460 1/sec) had been previously selected for the analyzer pumping system,
yielding & combined speed of 127 1/sec for air or 170 1/sec for CH4.

The CHA gas dnput to the ion source and leakage from the source to the analyzer
determines the required pumping speed at the analyzer. For 2 atm c¢/min of
CH4 into the ion source and 17 leakage to the analyzer, the required pumping

speed for an analyzer pressure of 5 x 1{)-6 is:

e 251072, 280 | 107 /sec
5 x 10

= 50 1/sec

The only possible attachment point for the analyzer pumping system was to
the source housing between the object slit and electric egector. Pumping line
length to the LNZ trap was approximately 18 Inches because the LN2 trap for
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the analyzer system had to clear the components of the ion source pumping
system. Conductance of the connecting line was computed for various dilameters:

Conductance (1/sec)

Line Dismeter Adr CHy
2" 35 47
2=-1/2" 69 o2

A 2-1/2 inch tube was therefore used, which combined with the speed of 170
1/sec for pump and LNZ trap would give a speed of 60 l/sec at the analyzer.

Pumping speeds and system pressures during CI operation are given in Figure 2.
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Pumping Speed

For CH, and

Components for (air)

Ion Source

Ion Source

Housing 250 1/sec
(185)

4 inch OD

Elbow

Possible

Gate Valve 543 1/sec
{405)

LN

Trap 1675 1/sec
(1250)

VHS-4

Diffusion

Pump 160 1/min
{160)

1402

Forepump
FIGURE 1

Jon Source Pumping System

A~

Pressure (Torr)

2 atm cc/min CH,

Input

0.5

1x10

1.5 x 107"

107



Pumping Speed Pressure (Torr)

For CE; and 2 atm cc/min CHy
Components For {air) 1% leakage
Analyzer 5% 1078
60
- (45)
Connecting
Line
Possible
Gate Valve
170
- (127)
LNZ
Trap -6
o 235 1/sec 1.3 x 10
(175)
M2
Diffusion
Pump -3
-t 60 1/min < 10
(60)
1405
Forepump
FIGURE 2

Analyzer Pumping System
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Project Note Wo. 2
G.J. Fergusson
November 1978

Ion Source Housing

The requirements for the fon source housing were:

1. Maintain the design dimension of 3,640 inches between object slit
and eleetric sector.

2. Provide adequate pumping at the ion scurce.

3. Provide adequate pumping to the analyzer regionm.

4. Source to be easily removable for cleaning and mzintenance.

The design finally chosen is shown in Figure 1. Previous calculations showed
that a 2-1/2 inch OD pumping tube for the analyzer region was desirable, how-
ever it is not physically possible to commnect a pumping line of this size in
the space between the fon source and the flanges associated with the electric
sector, The 2-1/2 inch line from the M2 diffusion pump was therefore attached
to a 2-1/2 inch to 2 iach reducing cone for comnection to the lon source
housing. This will cause a small Joss of pumping speed from the calculated
value of 60 1l/sec, but 5%ill yield ¢ pumping speed in excess of the required

value of 50 l/sec.
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Project Note No. 3
H. Koslin
July 1979

Calculation of Flow Rate Into Analyzer Repion From Source Region Using PFB-2

To determine the £low rate from the source to the analyzer, it was decided to
monitor the pressure changes in the source and anszlyzer reglons while increasing
the flow of PFB-2 through the inlet system.

The pumping speed in the source region is 250 1l/sec and in the analyzer region
it is 60 1l/sec.

Pressure (Torr) 4P (Torr) Q QE%%EEE)
Source 1) 3.4 x 10-7 - -

2) 7.8 x 10°° 7.46 x 1070 2.45 x 1073
3) 4.9 x 10 4.12 x 10°° 1.36 x 1072
4) 1.04 x 10°° 5.5 x 107> 1.81 x 1072

Analyzer 1) 2 x 20°° - - |
2) 2x10°° - - !
3) 2.9 x 10°° 9 x 10™/ 7.11 % 10°° ‘
4) 4.0 x 10°° 1.1 x 1076 8.68 x 107°

The flow rate in the source region is calculated by the following relationship.

250 ~ 2 10% & £C x 8P(Torr) x 7—:,3%5%1_—3-2; Q (-5—2-5555) j

While the flow rate for the analyzer region is

3 c

- d=
1 sBtd-cc <st cc)

¢
1 * AP(Torr) x 760 Torr=-cc Q sec

60 ;EE-I 10

T et e e gt D S R
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To determine the flow rate from source to analyzer one obtains Q° by the
following relationship

Q' = Flow Rate in Analyzer
Flow Rate in Source

100

Q' ()
1) -
2) -
3) 0.52
&) 0.48

Thus, the average flow rate from the source into the analyzer is 0.5%Z.
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Project Note No. 4
A. Tomassian
Hovember 1578

Inlet Systewr for CI, EI Source

&n inlet eystem ic designed to interface between £ GC column and a CI, EI
source for the JPL Focal Plane mess spectrometer.

The GC coluem will be WCOT with a fiow rate of sbout 2 atm cc/min and where
Methane will be used as 2 carrier gas. In the CI mode the carrier gas will
also be used a&s the reapent gas.

The ion source conductance for Methane at 220°C 48 34 cc/s in the molecular
flow region and 57 cc/e in the critical flow region. The gold leak in the
ion source inlet sample line has a condurtance of 0.21 ec/sec for Methane at
220°C in the molecular flow region and 0.35 cc/sec in the ecritical flow
region,

CI Mode

In the CI mode the entire G.C. carrier gas can be allowed to flow into the
source. The pressure in the ion source will be:

P = Q/C
vhere, Q = 2 atm cc/min
= 25,4 torr-cc/s
C = 57 cc/s
e Psource e 0,44 torr

In this pressure regime the mean free path will be much less than the source
dimension and therefore the flow will be viscous out of the source.
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The pressure upctream from the gold leak will be:

25.4 torr=-ce/s

P = ==0.35 oo/

= 72,6 Torr

Therefore all that iz pecessary will be & line to comnect the G.C. column to
the ion source on the upstream side of the gold leak. The £lew through this
line will be 25.4 torr-cc/s with a pressure of 760 torr at the G.C. end and
72.6 torr at the source end. The dimensions of the line can now be evaluated
using Poiseuille's equation.

Dé

5 2 2
Q=1.553 x 10 (Pl -Pz) i

where, Q is the flow, P1 and P2 are the pressures at the ends of the line,

D is the lnner dismeter and L is the length.

For Q = 25.4 torr-ccf/s, P, = 760 torr, P, = 72,6 torr

1 2

4
= 2.86 x 10720

Therefore, 1f the I.D. of the line is chosen to be .006 inch then L = 1B88.8 cm.

The schematic of the flow would look as follows:

g |
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Rty T ol ’ | ! ! Bl Lt T Q= ity demece /I
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i ; i

L)
H
I} H
L} 1

Therefore, choosing a 188.8 em line with .006 imch I.D. will be sufficient for
operation in the CI mode. Here, the entire carrier gas flow will be allowed
to enter the ion source.
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The time constant in this case will be the inner volume of the tube divided by
the conductance of the gold leak

2 (.006 x 2.56)% x 188.8
T 0.35

X
o7, T = 0,70 sec

This assumes no dead volume im the fittings.
EI Mode

In the EI mode the source pressure must not exceed 10'4 torr which 1limits

the gample flow to & maximum of 3.4 x 10-3 torr-cc/s. Therefore, most of the
25.4 torr-cc/sec flow from the GC must be pumped our ahead of the source.
Pumping this flow at the end of the GC line would be undesirable as it will
drop the pressure at that point and this in turn will change the pressure
distribution in the column. However, if another line is placed between the GC
@nd the point where the sample is being pumped, thus the column will terminate

at one atmosphere pressure and therefore not change its performance.

The flow lines will now look as follows:
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The dimensions ©f the line 1 were already derived in the CI section; L = 188.8 ccm
D = ,006 inch. But now the flow 1is 3.4 x 10-3 torr -cc/s and therefore the

pressure Pl need be calculzated.
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The flow at the beginning of the line will be viscous while near the ion

gource end it will be molecular.

Assuming P, is the pressure downstream in line 1 where the flow is viscous

2
and where,
A/D = 0.1 ) = pean free path
Or, A= ,0015 em
5.09
P(u)

This corresponds to s pressure of 3.3 torr. Thus, if P2 is 3.3 torr at some

distance L, the P, and L are related by means of Poiseuille's equation

1
ot
L

= 3.3 torr, D = .015 cm reduces to

Q = 1.553 x 10° (plz

3

2
- ?2 )

which for Q = 3.4 x 10 - t - cc/s, P

2

L= 2.38 (p12 - 10.89)

The following table gives values of L for different values of Pl:
4

21 L
5 torr 33.6 cm
6 torr 59.8 em
7 torr 90.7 em
8 torr 126.4 em
9 torr 166.9 em

A-13
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In other words, by varying the pressure P, one can vary the length of the

1
tube over which the flow is viscous.

Pteasure_?l can be controlled by throttling the flow to the wacuur pump.
As far as line 2 is concerned its length and/or imner diameter will be deter-

mined gtrictly by the flow rate since Pl is much less thar an stmosphere.
The flow will be viscous

4
- 5 2 2, D
Q 1.553 x 10 (PO - Pl ) 1
In this case Q = 25.4 torr-cc/sec, Po = 760 torr, P12 << P02

10

4 -
.« D = 2,83 x 10 L

Using GC line with D = .006 inch would zezguire the lime to be 190.5 ew long.
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i l *
y t £ <, 3,{ A ' e d
. c..__‘,"'"' 4"!“ f_-;-?-. o ! ! ! - @ :3-H!t03t§'{i
o — * b 130.80 i t L= 16088 au g ' :
' \ n i . -9 H
’ TP -w0E ¢ i T.D.oz L0086 o3 - s
Qsiasq%“4L : PR }kalﬁ“vh i :
! ' : .~ H ¢ ¢
H ; ; : Sl 1 : ‘
i ; _ H : :
' ‘ i i : '
: SR - § ; :
) ‘ T\“_\mu:\r.ﬁ\ : '
| L e :

In the EI mode line 2 must be &added to allow the GC column to terminate at
1 atmosphere pressure and to allow the pressure at the head of line 1 be a
few torr which will restrict the flow to the MS and maintain the source

pressure below 10-& torr. In the CI mode line 2 must be removed.

Using the Valco 4 port valve or an equivalent, line 2 can be added between
the GC column and line 1 for EI mode, or it can be removed for the CI mode.

TFigure 1 gives 2 more detailed mechanical assembly of the inlet system with
two different valve positions for CI and EI modes.

A-14



ST-v

SI 39Vd TyNIOme
AUTEI0N a0y gy

4004

JHI, J0

fa 0.8,2 .09 0D, SST L.t

'”C.(n b.') TAT .0 frenlan
VALCO rire yetemg

I PuT-061
Y98, n 00t 40, 8ET é
é.c. rutiab (muw, (E2CmTR h;hzu.-u()
[VALCO % 1 " pyapret.
2UTA "’/’61
[T e e .

Blod x 026w €5 7 o

\WLco 9PRT

c€Efa vpLuhIE
3”‘00.3

VALVE ¢ev-4-lN
P AT, R — '______._.L e : 4 -—i 1
&.Co .
e WP § fow ‘
G CUIT. LerRiny => Yl , 1 2
CT nls g, *
;I SWAGeteck %
“Fentivs
Ef:':‘"::f, L Becows vacve p

Lo 1 (sc€ Gee asy) B~ 4

e 'n2.2.006"1,D. scT ' Yo™WPT ReF, SwAGCioce % * P2y L’

Connfired
G.C. Tllf"'a €C- -
1886cm (72.0°) DT, : 4o.| e = s
Lintyy 7O Se£E - V0. xazg antee. Lot orrl
VALLO Pofle 3sad S5V TPy Pomp
vousa g h “ynigal TO SvITT
evL-af
-r r -
- U.a nmane ) A \1€ Pos i MeNED F& 105°Cm juC@T Lo P

MR (€ ‘
1
FIGURE 1
Inlet System



Project Note Ne. 5
Bill Niu
May 1979

Evaluation of the GC/EI Inlet Systen

In this project, a cepillary GC column will be used with a £low rate of
approximately 2 atm cc/min. When operating in chemical ionization mode (CI),
methane will be used as the carrier gas as well as the veagent gas. In order
to optimize the CI process, a pressure of 0.5 to 1 torr should be maintained
in the ion source. For this instrument, a DuPont ion socurce is employed.
Since the ion source is held at 1300 wvolts, the discharge phenomenom between
the source block and the grounded GC inlet should be considered.

In the original DuPont design, & gold leak in the imlet line was used to
maintain a much higher pressure (> 50 torr) at the upstream from the gold

leak. This arrangement needs a long restriction line between the GC end and
the gold leak to maintain such a pressure. This design will result in a time
constant and & possibility of broadening the pesk. An alternative design is

to remove the gold leak and place an imsulated tubing between the inlet line
and the source block. In the present system, 8 5 cm long, 1.55 mm I.D. Vespel
tube is employed. To test the adequacy of this arrangewent, a8 simulated system
to study the discharge characteristic is shown in Figure 1.

Pressure inside the discharge tube is controlled by the regulator, needle

valve, and the throttle valve. To earry on the experiment, a certain pressure
was set first. The voltage applied to the anode was then increased until a
wisible discharge was maintained. A plot of the discharge voltage as a function
of pd for different d is shown in Figure 2, whert p is the pressure in torr and
d is the length in cm. Figure 3 shows a similar plot where d is fixed at

S cm and tubes with different I.D. were employed. The discharge current in
both cases is from 0.2 mA to 0.8 mA.

The sparking potential and the values of V/pd are determined by the total
punber of molecules which sn electron encounters in a linear path across the
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gap. Figure 3 demonstrates that when the I.D. of the discharge tube is
gaduced, the number of gas molecules in the tube decreases, hence a higher
voltage iz required to initiste the discharge.

In summary, the present experiment demonstrates that the design of the inlet
connection using a 5 em long, 1.55 mw I.D. Vespel tube, is adequate. Should

a higher voltage be used in a similar design, the I.D. of the tube can always

be reduced to achieve the purpose.

A-17

TR T T TR



C -_.I i ’.__-_.l >L_.’ Nard [«
. wlton i

™

twbe

(¢33

Tygen F ‘

Zusulcted

VoM

20.0m S
Leeo V Es

Thastile

Va e

P(-.J-M.Sa-,
Pt

FIGURE 1

REPRODUCIBILITY OF THE
ORIGINAL PAGE 1 POOR

A-18



: ! H
1 i o 71 ¥
i A
0 '
_ it _
i

P P P

S —

——

—

—

T m— e e - = =

[ ——

=

=

— - —

s~ e < = = = =

FIGURE 2

A-19

—

e cma R e S —



—_—
—— - — -——:u—l—
- P S ————
—_—
— —
- — — - -
e — iy - 1
. - —=
— —
= — il e g p— P g kY [ -—
— — - o
—_——rh—rr— — —
B 4 v — . o ] e —
—
— e T

.

FIGURE 3

A-20




Project Note No. 6
M.J. Weiss
Avgust 1979

Calcuistion of Theoretical Reselution of Spectrograph

Expression for overzll beam width {b) in terms of sberrations

2
2 2
memS°+rmBlia +2rm312u8+fér—m~ -!-::'m.AGJ

+0.05 ¢ 22 + .00059 + .00100

where:
Hm = demagnification of slit

Bll = cz aberration coefficient of Robinson

BlZ = af aberration coefficient
22121'm = Berry Curvature
Ae = sberration due to tilted detector
-03 rmzz = Z~focus einzel aberration
.00059 = channel width of MCA
.00100 = detector width

Requirements:

Unity mass resolution at m/e 500 or Am = 0.5 amu at m/e 250 (rm = 3")

y re 2
811 =1,416 + ) -::

LI electric sector radius
rm = zacnetic sector radiuvs
v = 1 for £1lat magnet pole faces

B, + 0 choosing appropriate value of ¢ eIrm

A-21
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Setting 311 =0

re 2 te
172 T = 1.416 ral 1.683
B @

re e e 4
'3.224-;-—4-?— .293;—-}

.;.
n m o

“

By»

d = geparation between faces of electric and megnetic sectors = 4.0"

Berry Curvature 22/2rm

Z = half height of beam = 0.050"; r = 3"

2 -t}
Z = 25 x 10 _—
-2-1_-; %3 = 0.00042 for 1:'m 3
0.00063 r = 2"
m
0.00032 r = 4"
m
A
y_Term
r
AB-ZaZ-E-z gin 6 8 = 20°
rm -2
a=1,7x 10 radians
Z = 0.050"
2.94 x 107>
Ae = = 5 = 00074 for r = 2"
r m

.00033 for T = 3"
.00018 for r = 4"
m

0.05 rmzz = Z=focus Einzel Aberration

= 0.00038 for T, - 3"

Macnification

T
M = ?': .594 for r_ = 3"

A=-22
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B12 tern

812 = 3.22 4 1.68 + 1.68 (.293 x 1.68 + 1.333)

B,, = 7,596

12

hnﬁzw-Z:BﬁxTJ%x@kamq%@xlf%s&52154
(] 8

812 (rm = 4) = §.24

312 (rm = 2} = 32.69

2 -3

2r B, uB = 2x 4 x 6.24x 1.7 x 10°° x 107~ = .00085 (x, = 4

-3

2% 2x12.60x1.7%10° x 10> = .00086 (x_ = 2)

11 tern
z
Bll o =1,416 + 1/2 (relrm)
2
Blllrm -4 ™ «1,426 + 1/2 (5.05/4.0)° = =0,.619
2
rm Bll a
-2 2 ~d "
4,0 x .619 (1.7 x 10 7)) = --7.156 x10  in for L 4
r " 2"
o
£ B, 6% ®w2.0x1.772 x 1.7, x 10~ = .00102
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Cozparison of various aberrstion terms and calculation of resolving power.
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II. .0011" 8lit

1. Ein So .00044 .00065 »00087

E Q1) - (6) .00468 .00326 .00254

x 1/COSW 00662 00464 .00359

< MCA width +00059 +0005¢ +00058

Bean width in £.p. .00721 .00523 .00418

+ Detector width <001 001 2001

.0082 .0062 .0052

M/aM i72 341 546

M/0M ¢ Zero detector width 196 406 677

Improvement 147 19% 247
Conclusions

1. Balving the slit width reduces the sensitivity by a factor of two but only
vesults in & nominal improvement of resclving power.

2. The cf aberration is nearly equal to the slit width times the magnification
at 2" and pearly 50% of the latter at &4". It gives the major contribution

to the beam width at L 2",

3. The resolution increases rapidly from = 2" to T, = 3" then begins to
level off after T, ® AL
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