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Selected topics from textbook and my handout

Mass Spectrometry: Principles and Applications
Edmond de Hoffmann & Vincent Stroobant

John Wiley &amp; Sons, 2007-£10H29H 512 H

Mass
Spectrometry

Frincpies and Applica

Ty f'{:



https://books.google.com.tw/books?id=pqhr5XQZDtUC&printsec=frontcover&hl=zh-TW&source=gbs_ge_summary_r&cad=0

Overview of mass spectrometers

ionization

in vacuum
or
not in vacuum

analyzer

detection

Low vacuum or High vacuum

Signal processing



11/24 Maas spectra, vacuum technology
12/1 lonization method

12/8 Mass analyzer, ion detection

12/15 Applications

Evaluation: quiz, 20 min/close book in 12/1, 12/8, 12/15.



Intensity

Mass spectrum

m/z




Mass spectra only provide information of m/z
 How to obtain molecular weight?

 How to obtain charge value?
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z Name Symbol Mass (?Jf) Atom Abur:ﬁance z Name Symbol Mass (T)Atom Abur:’:ance
15  Phosphorus p 30.973762 100
1 Hydrogen H 1.007825 99.9885
Deuterium H 2.014102 0.0115 16 Sulphur g 31.972071 94.93
Tritium *H 3.016049 . g 32.971458 0.76
s 33.967867 4.29
2 Helium °He 3.016029 0.000137 ®g 35.967081 0.02
*He 4.002603 99.999863
17 Chlorine *cl 34.968853 75.78
3 Lithium oL 6.015122 7.59 el 36.965903 24.22
Li 7.016004 92.41
18 Argon BAr 35.967546 0.3365
4 Beryllium ‘Be 9.012182 100 ®Ar 37.962732 0.0632
“Oar 39.962383 99.6003
5  Boron g 10.012937 19.9
] 11.009305 80.1 19 Potassium K 38.963707 93.2581
K 39.963999 0.0117
6  Carbon e 12.000000 98.93 K 40.961826 6.7302
*c 13.003355 1.07
“c 14.003242 * 20  Calcium “Ca 39.962591 96.941
“Ca 41.958618 0.647
7 Nitrogen N 14.003074 99.632 “Ca 42.958767 0.135
5N 15.000109 0.368 “Ca 43.955481 2.086
“Ca 45.953693 0.004
8  Oxygen e} 15.994915 99.757 “Ca 47.952534 0.187
o 16.999132 0.038
e} 17.999160 0.205 21 Scandium *sc 44955910 100
9 Fluorine °F 18.998403 100 22 Titanium *Ti 45.952629 8.25
i 46.951764 7.44
10 Neon “Ne 19.992440 90.48 i 47.947947 73.72
ZINe 20.993847 0.27 i 48.947871 5.41
ZNe 21.991386 9.25 Ti 49.944792 518
11 Sodium Na 22.989770 100 23 Vanadium oy 49.947163 0.250
Sy 50.943964 99.750
12 Magnesium *Mg 23.985042 78.99
Mg 24.985837 10.00 24 Chromium Cr 49.946050 4.345
*Mg 25.982593 11.01 *=Cr 51.940512 83.789
*cr 52.940654 9.501
13 Aluminum Al 26.981538 100 SCr 53.938885 2.365
14 Silicon i 27.976927 92.2297 25  Manganese *Mn 54.938050 100
g 28.976495 46832
g 29.973770 3.0872 26 lron SFe 53.939615 5.845
*Fe 55.934942 91.754
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Mass number B £

The mass number, also called the nucleon number, is the
number of protons and neutrons in an atomic nucleus.

The mass number is unique for each isotope of an element
and is written either after the element name or as a
superscript to the left of an element's symbol.

For example, carbon-12 (**C) has 6 protons and 6 neutrons.



Molecular mass

The molecular mass (abbreviated Mr) of a substance, formerly also
called molecular weight and abbreviated as MW, is the mass of
one molecule of that substance, relative to the unified atomic mass
unit u (equal to 1/12 the mass of one atom of 12C).

The dalton or unified atomic mass unit (symbols: Da or u) is a non-
Sl unit of mass defined as 1/12 of the mass of an unbound neutral
atom of carbon-12 in its nuclear and electronic ground state and at
rest




Nominal mass

The nominal mass for an element: the mass number of its most
abundant naturally occurring stable isotope.

The nominal mass for a molecule: sum of the nominal masses of the
constituent atomes.

Carbon: has two stable isotopes 12C at 98.9% natural abundance and
13C at 1.1% natural abundance, thus the nominal mass of carbon is
12 Da.

The nominal mass is not always the lowest mass number, for example
iron has isotopes 54Fe, 56Fe, 57Fe, and 58Fe with abundances 6%,

92%, 2%, and 0.3%, respectively, and a nominal mass of 56 Da.

Water H20 nominal mass: is 18 Da.



Average mass
The average mass of a molecule is obtained by summing
the average atomic masses of the constituent elements.

For example, the average mass of natural water with
formula H,0 is 1.00794 + 1.00794 + 15.9994 = 18.01528 Da.



Exact mass
The exact mass of an isotopic species is obtained by summing the
masses of the individual isotopes of the molecule.

For example, the exact mass of water containing two hydrogen-1
(1H) and one oxygen-16 (1°0) is 1.0078 + 1.0078 + 15.9949 =
18.0105 Da.

The exact mass of heavy water, containing two hydrogen-2
(deuterium or 2H) and one oxygen-16 (1¢0) is 2.0141 + 2.0141 +
15.9949 = 20.0229 Da.



Average mass

12.000x0.9893 + 13.003355x0.0107 Exact mass

=12.0107 12.000, 13.003355

A

Intensity

1 mole =12.0107g
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Monoisotopic mass
The monoisotopic mass is the sum of the masses of the atoms in
a molecule using the most abundant isotope for each element.

For typical organic compounds, where the monoisotopic mass is
most commonly used, this also results in the lightest isotope
being selected.

For some heavier atoms such as iron and argon the principal
isotope is not the lightest isotope.




Most abundant mass

The mass of the molecule with the most highly represented
isotope distribution, based on the natural abundance of the
isotopes.



HCl

M. W.
1H35C|
2H35C|
1H37(|
2H37(|

Abundance
(0.9999)x(0.7578) = 0.7577
(0.0001)x(0.7578) = 0.00007
(0.9999)x(0.2422) = 0.2421
(0.0001)x(0.2422) = 0.00002



M. W.

120
121
122
123

Abundance

(0.9893)60 = 0.5244

(0.9893)5%x (0.01)UxC,5° = 0.32
(0.9893)58x (0.01)2]xC,° = 0.09
(0.9893)57x (0.01)3]xC,%° = 0.02

Mass spectrum

Intensity

>

22



Co,

M. W. Abundance
1241604160
=12.00+15.995x2=43.99 [(0.9893)x(0.9975)x(0.9975)] = 0.98
13C4+160+160
=13.00+15.995x2=44.99 [(0.01)x(0.9975)x(0.9975)] = 0.01
12c4160+180
=12.00+15.995+17.99=45.98 [(0.9893)x(0.9975)x(0.002)]xC,% = 0.004
13C4+160+180
=13.00+15.995+17.99=46.99 [(0.01) x (0.9975)x(0.002)]xC,% = 0.00004
A
=
Mass spectrum :qf
IS
>




Relative Abundance

75.00 1

25.00 -

i

0+

“ Glucagon
Formula : C,53H,54N4505,S
Nominal Mass: 3480

ﬂ Monoisotopic Mass: 3481.5997
Most Abundant Mass: 3483.6048

Average Mass: 3483.7806

R

UUKHA/\AA

34760

34780

34800

34820

34840 34860 34880 34900

Mass
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Beware of recent phishing e-mails. Use our official contact addresses onl

ABOUT NEWSLETTER CONTACT US

< c @ sisweb.com/mstools/isotope.htm

SCIENTIFIC INSTRUMENT ; -
\& SERVICES (S15) %% j s=aneH 413-284-997

A P ; . Adaptas

by Adaptas Solutions =~

MY CART ‘| LOGIN*

Mass Gas Liquid Thermal Vacuum Laboratory Software Literature SIS
Spectrometry Chromatography Chromatography Desorption Supplies Supplies for MS Resources News

Isotope Distribution Calculator and Mass Spec

Plotter

Home » Heaters/Source , Agilent Heaters and Sensors . Literature , MS Online Tools » |sotope Distribution Calculator and Mass Spec Plotter
(This Page)
Mass Spec Tools

Calculate Isotopes Data table (mass intensity)

‘ 143.98984 100
144.9932 1.0816

Chemical Formula: [co2

Calculation Method: [High Resolution v |[lla4. 99405 o.0802
Mini find Jm— l45.99408 ©.401
inimum abundance: [0.0001% v b 55741 0 0609
Note: assumes neutral charge. [46.99744 ©.0043
46.99829 ©.0002

Calculate / Plot 147.99832 0.0004

Plot Configuration @

Show Plot

Title: |

Subtitle:|

LowMass:[ |HighMass:[ |
Plot Size: [smal v |& Show Mass Labels

Update Plot

atomic_mass_abund.pdf A
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Mass Spec Tools

Calculate Isotopes Data table (mass intensity)
Chemical Formula: [c1000 | |[t2002 @2 -
i 12002 1
Calculation Method: [Low Resolution v [12003 3.6
e 12004 9.8
Minimum abundance: 12005 21.2
Note: assumes neutral charge. 12006 38
12007 58.3
Calculate / Plot 12008 78.3
12009 93.3
12010 100
i . 12011 97.3
Plot Configuration 12012 86.8
12013 71.3
Show Plot 12014 54.4
Title: | l 12015 38.7
. 12016 25.7
Subtitle:] ] 12017 16.1
. 12018 9.5
Low Mass:[ JHighMass:[ ] 12019 5.3 -
Plot Size: Show Mass Labels 12020 2.8 £
Update Plot
Plot
1201
100 12005 92011
12012
12008
12013
1p007 12014
507
006 015
005 016
1( 1r01?
004 01
01
1‘2001200212‘)0%]2 . . 1]2 ?'F 1202920242028202
11999 12003 12007 12011 12015 12019 1202
Mass M/e

—



1u = 1Da= 1.660540x10’ kg
le =1.6x10° C

1Th (Thomson) =1 u/e =1.036426x102 kg/C

Mass spectrum

>

Intensity

m/z (Th)

27



Mass spectra only provide information of m/z
 How to obtain molecular weight?

 How to obtain charge value?

28



Intensity

>

Singly charge

Mass spectrum

For most organic molecules

%Nle

m/z (Th)

doubly charge
A
Py
‘n
C
o
S I
> — .
—> <
~0.5
m/z (Th)
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Vacuum technology

30
30



Source ‘
gas >
Chamber(s)

(ionization, analyzer, detector)

Pump

L.

| Pressure gauge

~— Exhaust

31



* Collision frequency
* Mean free path

 Molecular flow vs viscosity flow



From gas kinetics

Velocity in three dimension

3
—mv?

G(v)dv = (LJZ e 2K dyxdvydvz
KT

Change from velocity to speed

—mv?

F(V)dv:( m j e 2T 4xv2dv
27K T

N | W

Note: velocity is a vector
speed is a scalar

33



For different temperatures

Probbility

0 100 200

speed

300

34



mean speed

(V) = _f ~vx F(v)dv

1

8KT )2

—| Mass dependence
7im

At 300 K,

H,: 1780 m/s
He: 1258 m/s
H,0: 593 m/s
0,: 445 m/s
N,: 475 m/s
Xe: 222 m/s

Same temperature €@ same kinetic energy €@) large mass has small velocity




Collisions between molecules:

For a particular particle 1

the volume it sweeps during dt:

V =7b° <V, > dt

the number of n, in this volume:

N =7b° <V, >dtn,

the collision number during time dt —  <Veedt
(collision frequency):

22 :ﬂbzmax <Vr > n, bmax =1 +I,
21:7Zd2<vr>n1 d:r1+r1:2r1

Note: velocity has been changed to relative velocity
36



Relative velocity:

1

2
7oL

_ m, -m,

(M, +m,)

37



Example 1:
Calculate the collision frequency of N, (d=3.6 A) at 1 atm (760 Torr)?

L =[28x1073 kg mol1/(6.02x10%3/mol)]x [28x10-3 kg mol1/(6.02x10%3/mol)]/
{[28x1073 kg mol1/(6.02x10%3/mol)]+ [28x103 kg mol/(6.02x10%3/mol)]}
= [(28x103x28x103/(28x103+28x103)]/ 6.02x10%3 kg
= 2.3x102%% kg

Vr = (8kT/ m p)Y2
= (8x1.38x1023 m? kg s2 K1x300 K/(3.14x2.3x10°26 kg) 1/2
=670 m s
n =6.02X10%3/(22.4 L)x1000 L m3 = 2.6x10%> m3
Z=mxd*xV,xn
=3.14 x (3.6x101°m)2 x (670 ms1)x2.6x10%° m-3
=7.1x10° s?

1=1/(7.1x10°s1) = 1.4x101°s=0.14 ns



Average distance travel by molecules (mean free path) is:

_<V >t _<V >
Z, -t Z,

1
— Independent of velocity, temperature
V27020, P Y, temp

A

For:N,, 25°C, 1 atm
A =475ms1x 1.4x1010 s = 665 A
i> smaller than container
ii> larger than molecular dimension, molecules collide with

each other, not wall.

39



For vacuum system, 0.76x10°7 Torr
A=665 m
molecules collide with wall,

not with each other.

molecular flow: AL > D

viscosity flow: A /d < 0.01
Transition region: 0.01<A /d< 1

40



Example 2:
Calculate the collision frequency of protein (MW=2800 Da, d=50 A) with He (d= 2.6A) at
7.6 mTorr?

u =[2800x103 kg mol1/(6.02x10%23/mol)]x [28x10-3 kg mol1/(6.02x10%3/mol)]/
{[2800x103 kg mol1/(6.02x10%3/mol)]+ [28x103 kg mol*/(6.02x10%3/mol)]}
= [(2800x103x28x103/(2800x103+28x103)]/6.02x10%3 kg
= 4.6 x102%° kg

Vr = (8kT/ & )2
= (8x1.38x1023 m? kg s2 K1x300 K/(3.14x4.6x1026 kg) 1/2
=335mst?
n =6.02X10%3/(22.4 L)x1000 L m3 x7.6 x103/760= 2.6x10%° m3
Z=mxd*xV,xn
=3.14 x (50x101°m)2 x (335 ms1)x2.6x102° m-3
= 6.9x10° s1

T=1/(6.9x10°s?) = 1.4x107 s = 0.14 ps



Example 3:
If the protein is accelerated to 1000 m/s, how low the pressure of N, in vacuum has to be
in order to have mean free path 1 m?

L =[2800x103 kg mol1/(6.02x10%3/mol)]x [28x10-3 kg mol/(6.02x10%3/mol)]/
{[2800x103 kg mol1/(6.02x10%3/mol)]+ [28x103 kg mol*/(6.02x10%3/mol)]}
= [(2800x103x28x103/(2800x103+28x103)]/6.02x10%3 kg
= 4.6 x102%° kg

Vr ~ (10002+4752)1/2
=1107 m st

t=1000msixts>1m;t>103s;Z2<103s1
Z=mxd*xV,xn
=3.14 x (50x101°m)2x (1107 msi)x n m3

=8.6x101¥ xns1<103st?

n<1/8.6x107 m3=1.1x10%m3=3.2 x107 Torr



* Pumping speed
* Throughput

e Conductance



* Constant volume per sweep per unit time

* As the pressure decreases, less molecules
can be sweep (absorbed) per sweep (per

unit time) than previous sweep



Pumping speed: Sweep volume per unit time

S =dV/dt
A property of a pump

* Depending on mechanical design

Throughput: number of molecules pumped per unit time

Q(t) = P(t)xi—z = P(t)S (Q changes with time if P changes with time)

»S=Q/P

45



Pumping speed: Pump down time:

S =dV/dt

Number of molecules
pumped out per unit time

From :PV=nRT, we have

dn  d(PV)

— N
~N/

dt dt
L

=-9p

Example:

Pump down time:

V=1 m3, S=10 m3/h
P,=101323.2 Pa =760 Torr

1000

= 100

@)

|_

~ 101

)

e

5 1

]

u

g 01

o1
0 20 40 60

Time (min)
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Conductance:

A property of vacuum components
tube, aperture,...)

* How easy gas can flow through the component
* inverse of resistance to flow
* related to the shape of tube, aperture

C=Q/(P;-P,)

Q = C(P,-P,)
Note: Q at every position is the same

Cis pressure dependent

Chamber

Pump

47



Continuum flow
(viscosity flow region)
Long round tube

4
C = 180%Pave liter/sec

Pressure dependent
(dand Lincm, P in Torr)

Molecular flow
Long round tube

For airat 22 C

d3
C = 127 liter/sec

Pressure independent
(dand Lin cm, P in Torr)

48



Real pumping speed

Pumping speed:

S=Q,/P, (1)
S, = Q,/P, (2)
Conductance:

C= Q/(P1'P2) (3)

Because
Q]_ = QZ (If T1=T2) (4)
Feom (1)-(4), we have:

1/S =1/S, +1/C

Chamber

49



Example | : for a long round tube, L=1m, d=0.05 m,

in continuum flow (viscosity flow) region

Chamber

4
C = 180%Pave dandLincm, Pin Torr

4
=180 =10 liter/sec AN S
100

=112 liter/sec
= 405 m3/h

For a pump of pumping speed S =10 m3/h connected to a chamber / S,

through the tube , the real pumping speed for chamger is |_ _‘
Pump
1/S = 1/Sp +1/C=1/10+ 1/405, S$=9.8m3/h

50



Example Il: for a long round tube, L=1m, d=0.01 m, in

continuum flow (viscosity flow) region Chamber

d4
C =180 Fave dand Lincm, Pin Torr “\

4
-180 —10° liter/sec
100

= 0.18 liter/sec
= 0.65 m3/h

For a pump of pumping speed S =10 m3/h connected to a
chamber through the tube, the real pumping speed is: ‘ Eum \

1/S=1/S,+1/C=1/10+1/0.65, S=0.63 m3/h (Waste of

money)

51



For L=1m, d=0.05m, S =10 (m3/h) For /=1m, d=0.01 m, S =10 (m3/h)
1/S=1/10+ 1/405, S=9.8 1/S=1/10+ 1/0.65, S=0.63

Chamber Chamber
Pump down time: t ~1/S

15 times difference.

EN |

Mechanical pumps should connected to mass spectrometer using tube
with diameter > 4 cm, not longer than 2 m.

52



Example lll: for a long round tube, [=1m, d=0.08 m,

in molecular flow region,

d3
C=127 dand Lincm,

83
=12 — liter/sec
100
= 61.4 liter/sec
For a pump with pumping speed of S,=300 liter/sec,
connected to a chamber through the tube, the real pumping
speed is:
1/S = 1/SIO +1/C=1/300+ 1/61.4, S=50 liter/sec (waste of

money)

Chamber

]

53



Example IV: for a long round tube, [=0.05 m, d=0.08 m,

in molecular flow region,

d3 .
C=127 dand Lincm

83
=12 —liter/sec
10
= 1228 liter/sec
For a pump with pumping speed of S =300 liter/sec,
connected to a chamber through the tube, the real pumping
speed is:
1/S = 1/Sp +1/C=1/300+ 1/1228, S=241 liter/sec

(tube should be as short as possible, as large as possible, e.g.,

connected directly to chamber)

Chamber

54



 High vacuum pumps

* Low (and medium) vacuum pumps



Degree of Vacuum

Low
Medium
High
Very high
Ultrahigh

Extreme ultrahigh

Pressure range

10°-3.3x103Pa
3.3x103-101 Pa
101-10* Pa
104-107 Pa
107-10710 Pa
<1010 pa

760-25 Torr

25-7.6x10* Torr
7.6x104-7.6x107 Torr
7.6x107-7.6x1071° Torr
7.6x10710-7.6x1013 Torr
< 7.6x1013 Torr



High vacuum
Chamber

Low vacuum
Chamber

High vacuum
pump

low vacuum
pump

L Exhaust

—

Low vacuum
pump

—— Exhaust

—




Inlet

One instrument?

High vacuum
pump

low vacuum
pump

__ Exhaust




oil sealed low vacuum pump



Low vacuum
pump
Rotary vane pump

Working principle

INLET

Exhaust outlet
EXHAUST

OIL FILL

Exhaust valve

Stator 74 Blade

w3 Spring

VAl.-Pump oil and
]l oil reservior

Suction TransportCompressioBxhaustion
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Rotary vane pump
One-stage vs. Two-stage

One stage Two stage

— Reduce the ultimate pressure

One stage Two stage

Ultimate
pressure 103 104
(torr)

Price Cheap Expensive

¥ ¥
Oi\
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Oil in rotary pump

Low vapor pressure
- Appropriate viscosity
Stability

Qil functions:
-Lubricant

-Seal
-Cooler

Exhaust outlet

Exhaust valve (¢ )
Stator Blade
Spring
Roter Pump oil and

oil reservior

Rotor
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* Pumping speed: 1-500 L - s?

* P_.. (Ultimate pressure): 103-10* Torr

* Typical pressure
new pump: 5x 103 Torr
old pump: 2x 102 Torr
bad pump: 1x 101 Torr



Oil sealed low vacuum pump operation notes:

1.0il level

2. Change oil when it is dirty
3. Change oil when it is hot
4. Pump oxygen?

5. Pump halogen?

6. Pump water vapor? I

#97 EDWARDS

E2M0.7

CODEND,  AG7A-41-
WEIGHTIKG) 1" .

SERIAL ao. 076339290

LTI
Ry

(o7 @

| A“"’“

f
W‘..g e —
Y i o




Oil sealed low vacuum pump operation
notes:

To Outdoor To Outdoor

To Vacuum To Vacuun

chamber . chamber
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oil free low vacuum pump



Low vacuum pump

Scroll Pump
Working principle

Metal Bellowastionary
Scroll

Hermetically
Tip Seal
Groove

/ Exhaust
N Port

o,

Smart Motor
Interface

67



Scroll pump operation notes:

 Change scroll on time
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Vacuum
Chamber

High vacuum
pump

low vacuum

oil free pump

—— Exhaust

—

Oil free low vacuum pump

Vacuum
Chamber

High vacuum
pump

o Molecular sieve or
P liquid N, trap

low vacuum
oil pump

L Exhaust

—

Oil sealed low vacuum pump  ©°



High vacuum pump



High vacuum pump: Turbo molecular
pump

axis i
beari

Blades =
Rotating
rotor
blades +
stationary

stator
blade

!
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Turbine
Blades
Stator
Blades
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High vacuum pump: Turbo
molecular pump

* Pumping speed is proportional
to the inlet area A and the mean
circumferential velocity of the
blades v, i. e. rotational speed.

* Pumping range: 10* to 10! Torr

* Oil free, Low vibration & noise
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Pumping speed

» Different gases pump down at different rates
* Compression ratio varies exponentially with
molecular weight of gases

N, —
He
g 1400 H, ——
~ HM-.. Ar ———
T 1200
§ 1,000 l._ wu \\\\ CF‘
o B
'§, 800 \ \ Q‘\‘
b NN NN
IMNCAN
40 \
200 LTS
o ™

10* 0* 10° 107 0’ 10° Pressure [mbar]
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Turbo molecular pump operation notes

A roughing pump is used to get the pressure down to ~10-3 Torr
Magnetic turbo (how many axis?)/non-magnetic turbo pump
Orientation (bearing/oil)
Particle drop in

Pressure raise

Electric power shutdown
Vibration (earthquake)

Nk WNRE

Ball
bearing
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Turbo-V Turbo-V Turbo-V 301 Turbo-V 551 Turbo-V 701 Turbo-V 1001
g1 m BT Navigator Navigator Navigator Navigator
SR TurboV. TurboV.  Turbo-V301 TurboV551 TurboV701 Turbo-V 1001
P g1 M o1 T Navigator  Navigator  Navigator  Navigator
Pump Specification DN 40 DN 63 DN 100 DN 160 DN 200 DN 250
Pumping Speed, I/s
Nitrogen 50 7 250 550 690 1050
Helium 56 65 220 600 620 500
Hydrogen 45 50 200 510 510 920
Compression Ratio
Nitrogen 5% 108 7x10% 73108 s 1x 109 1x10° 1x10°
Helium 8 x 104 3x 103 1x10° 1x107 1x107 1x107
Hydrogen 7x 103 3x 102 1x104 1x10° 1100 1x10
Base pressure, mbar
with recommeanded
40 9 0 0 A0 0
mechanical pump 5x10 5x10 <5x10 <1x10 <1x10 <1x10
ith ded
oo ExM0Y Ext08 <sxt08  <axt0®0 <axt0™0 <qxag®
Startup Time, min <1 <1 25 <h <5 <4
Rotatonal Speed, annng gogo0  5ROO0 42000 42000 38,000

rpm
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Turbo molecular pump used in LT

foreline

high vacuum

22242244
NN NNNNNN

2224444
NANNNNNN

to ol lldd
NN
el sl dd
NN
oo eedd
AN

7= = P P P P P
ey oy oy 5 S SN

foreline vacuum

High vacuum

medium vacuum

77




Differential pumping



Molecular flow
aperture

Forairat 22 C
C (L/s)=3.7 (T/M)¥2=11.6 A (cm?) (for air)

T: temperature in K, M: molecular weight

Continuum flow
aperture

Q(Pa-m3/s)= 200PAC’
Pin Pa, Ain m2 C'=0.85

79
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Ambient ionization mass spectrometer

Q(Pa-m3/s)= 200PAC’=200 x 1x10° Pa x 3.14 x 0.25 x10°® m? x0.85 =

13
Q=PxS; 13 =1.3x10%x S
S=10°m3/s=1081/s

1 mm diameter hole

/

<10° Torr
=1.3x10*% Pa

Detector

Pump?
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Differential pumping

Q; =1.3x10>x 300 L/s = 1.3x10°x 0.3 m3/s = 3.9x10°° Pa-m3/s

Detector

Q3

<107 Torr
=1.3x10 Pa
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Forairat22C A =3.14x0.05x0.05= 7.8x103 cm?
C(L/s)=11.6 A (cm?) =0.09 L/s = 9x10> m3/s

Q= 3.9x10® Pa-m3/s = 9x10~ (P,-P5) = 9x10> P,
P,=4.2x102 Pa = 3x10* Torr

Detector

P2

Q3

P3 <107 Torr

8282



To keep P, =4.2x102 Pa = 3x10* Torr
Maximum of Q:

Q, =4.2x107% Pax 0.3 m3/s = 1.2x102 Pa m3/s

Detector

Q2

P2=0.0003 Torr

Q3

P3 <107 Torr

8383



Q,=0.012 = 200 P,AC’ Pa-m3/s = 1.3x10*P,

P,=92Pa=0.7Torr

A=7.8x107 m?

Detector

Ql

P1=0.7 Torr

Q2

P2=0.0003 Torr

Q3

P3 <107 Torr
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It P,= 1 atm, to keep P, =0. 7 Torr, what is the pumping speed of S17?

Q,= 200 P,AC’ Pa-m3/s = 13 Pam3/s =92 S,

S1=0.14 m3/s =500 m3/h

PO

Detector

Ql

P1=0.7 Torr

Q2

P2=0.0003 Torr

Q3

P3 <107 Torr
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Differential pumping

PO

P=0.1 Torr

Ql

P1=0.7 Torr

Q2

P2=0.0003 Torr

Q3

P3 <107 Torr

Detector
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Pressure detector (gauge)
 Low vacuum: direct, indirect

 High vacuum: indirect



Thermal Conductivity Gauges

* Thermal conductivity gauges are a class of pressure-measuring instruments

that operates by measuring in some way the rate of heat transfer between

a heated wire and its surroundings.

* The heat transfer between a heated wire and a nearby wall is pressure

dependent
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Types of thermal conductivity gauges

* Pirani guage:

The change in temperature can be detected
by monitoring the resistance of the heated
wire, then a Wheatstone bridge circuit is
used to measure the resistance change.

 Thermocouple gauge
The change in temperature can be
measured directly with a thermocouple.

/R%C

)

-\

R3  |fR1/R2 = R3/R4
Then G=0
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The heat flow under different pressure

Heat Transfer

Low pressure Pressure “-Og P) High pressure



Operation notes:

* Orientation
* (@as species

GRANVILLE PHILLIPS
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Capacitance manometer: gas species independent

DIAPHRAGM
DEFLECTION

capacitance

Operation notes:

e QOrientation
e (Calibration
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High vacuum gauge

S {LY
IIf

lonization Gauge for Pressure Measurems
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Hot cathode gauge

Filament (cathode) \

filament grid Filament support

/(+30 V) / (+1 o V) Collector Wire

@ (ion collector)

\ .‘ ‘l_ ,I ‘n_ ,’ ||_ ,/ I._ J “./ ‘l\ﬂ'\

Helical coil =

grid (anode) /

Grid Support
|

w

"'J P N ion

+30VE collector
+180 V= (0V)

i -k 'i “ Nude Bayard-Alpert Gauge
with thoria-coated iridium filament

makes nude gauge become a complete seal.

Using the vacuum chamber
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% Gas correction factor
P=1[lc/(Sg -le)] where Sg= Sn:- Rg

Ic is Ionization current collected by ion collector. (amps)

le is electron emission current. (amps)

Sg is sensitivity factor for gas “g”. (torr?)

Sn: IS sensitivity factor for nitrogen, standard gas used by industry. (tol
Rg Is gas correction or relative sensitivity factor.

He 0.18 CO 1.05 Kr 1.94
Ne 030 H:0 1.12 SFs 2.20
D2 035 NO .15 C2Hs 2.60
Ha 0.46 NH: 1.23 Xe 287
N2 1.00 Ar 1.29 Hg 3.64
Air 1.00 CH; 1.40 C3Hs 4.0

02 1.01 COn 142 95



Cold cathode gauge
% Working principle

Cold cathode gauge utilize crossed electric and magnetic
fields to trap electrons. -

HRAGERR

Electric field 2000 -6000V
o Magnetic field | 10002000 G
Range 10-2— 107 torr

Without fragile filament, cold cathode gauges are robust and

economical, suffering only from the Ilimited range of

applicability.
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Operation notes:

* Pressure
* (@as species
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Full range pressure gauge

Combination of convention and ionization gauge
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