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The Basic Components of a Mass Spectrometer

Rapid Multi-Stream Sampler (RMS)
Valve Manifold

Auto-Sampler

Batch Inlet

Vacuum Inlet. ..

Electron lonization (El)

Chemical lonization (Cl)
Inductively-Coupled Plasma (ICP)
Laser Desorption...

Faraday
Multiplier (SEM)
lon Trap...

Pressure lonization Mass
* Reduction ||| Chamber ["|  Filter

Exhaust /AR Vacuum System

Capillary with Bypass Magnetic Sector

Direct Capillary Single or Triple-Filter Quadrupole

Leak Valve Triple Quadrupole

Membrane... Hexapole/Octopole

Sector/Electrostatic Double Focusing
The Only Company That Makes All The Different |Quad/Sector MS/MS

SCIENTIFIC lon Cycloidal Resonance (ICR)

Components Time-of-Flight (TOF)...

Thermo ThermoFisher

SCIENTIFIC SCIENTIFIC



발표자
프레젠테이션 노트
Inlet 부분에 GC를 연결하면 GC MS이다.
시료를 주입하는 방법은 상황에 따라 다르겠지만 모든 시료는 모두 기체 상태로 입구에 들어가야 한다. 시료를 이
온화 할 때 기체를 중심으로 하기 때문이다. 휘발성이고, 온도변화에도 안정적인 시료가 질량분석에 유리하기 때
문에 액체나 고체 상태의 시료는 열을 가해서 증기압이 큰 기체 상태로 변화시켜야 한다. 또한 온도변화에 불안정
한 물질이나 시료의 증기압이 충분하지 못한 물질에 대해서는 바로 이온화 과정을 거치는데, 이 경우에는 특별한
장치가 필요하다.

가스크로마토그래피의 단점은 가스크로마토그래피로부터 주입되는 기체의 압력을 조절해야 한다는 점이다. 
질량분석기는 거의 진공 상태에서 분석이 진행되어야 하기 때문에 압력이 높으면 불리하다. 그래서 다른 부가적인 기기를
통해서 압력을 적정선으로 낮추어주는 과정이 필요하다.
하지만 해상도, 검출도, 정확도가 높고, 분석시간이 짧아 약물 및 유기물질의 측정에 유용하다.
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발표자
프레젠테이션 노트
All mass spectrometers consist of three main components:-.
An ion source.
This converts the input gas stream into a representative mixture of positively charged ions. 
A mass filter.
This separates the ions into groups having the same mass-to-charge ratio.
-A detection system.
This produces an electrical signal that is proportional to the number of ions that impinge upon it.        

The resulting mass spectrum is a fingerprint for a particular compound. 
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Hot filament

‘ ‘ ‘ Electrons from filament 70eV

- 1000V H
Sample Gas

lons to mass filter H

Process takes place under vacuum to

Trap protect filaments and avoid ion collisions

Spare filament [N
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발표자
프레젠테이션 노트
① (열을 가해) 시료를 기체 상태로 만든다.
② 전자 빔을 쏴서[전자와 충돌시켜] 기체 시료를 이온화시킨다.
( 분자 이온, M^+가 생성된다. )
( 또는 분자 라디칼 양이온, M^•+ )
 
 
이때 이온화된 시료는 매우 불안정하기 때문에, 곧바로 조각조각 깨져버린다.
( 분자를 이온화시키는데 필요한 에너지(~10 eV)보다 월등히 높은 에너지(~70 eV)의 전자 빔으로 때렸기 때문에 )



lonization & Fragmentation (0|22} & O|= 1} & &)

lonize +  Fragment
b Q@ G e

MW 28 M/e 28
O
00 = 00 = a.
O
MW 28 M/e 28 M/e 16

+

i + M/e 28
000 =000 =
)

— +
MW 44 M/e 44 o M/e 16



발표자
프레젠테이션 노트
① (열을 가해) 시료를 기체 상태로 만든다.
② 전자 빔을 쏴서[전자와 충돌시켜] 기체 시료를 이온화시킨다.
( 분자 이온, M^+가 생성된다. )
( 또는 분자 라디칼 양이온, M^•+ )
 
 
이때 이온화된 시료는 매우 불안정하기 때문에, 곧바로 조각조각 깨져버린다.
( 분자를 이온화시키는데 필요한 에너지(~10 eV)보다 월등히 높은 에너지(~70 eV)의 전자 빔으로 때렸기 때문에 )
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발표자
프레젠테이션 노트
① (열을 가해) 시료를 기체 상태로 만든다.
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이때 이온화된 시료는 매우 불안정하기 때문에, 곧바로 조각조각 깨져버린다.
( 분자를 이온화시키는데 필요한 에너지(~10 eV)보다 월등히 높은 에너지(~70 eV)의 전자 빔으로 때렸기 때문에 )
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Prima PRO magnetic sector MS: OtJJUIE AlE|(XD[ES) 2 24| SCIENTIFIC

Sample gas (here, N, and O,) enters ion source and is
converted to positive ions by collision with high energy

electrons from filament
-MEJAE JXFBEE Sl 0| 250 22

* N2 '>N2+, 28 AMU, 02 -> 02+, 32 AMU

lons are accelerated into variable magnetic field and move
in circular path
S = PN A S g R B BT o e =

Radius depends on ion’s mass, charge & energy and
magnet field strength

Vary magnet field strength - bring ions sequentially onto a
single detector
- RE7IE A7) W st 02 HET| /Y.

—

Peak height is directly proportional to concentration
- 0|29 &2 m= 0|0 FH|z

Magnetic sector analyzer produces characteristic flat top
peak — don’t need to measure dead centre of peak

0 =| rol%e) =
-3 20| M Y BN W,
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Detectors (8= |)

o 5 JH2l Detector AtE
- Faraday Cup or Bucket

- Secondary Electron Multiplier (SEM)

- =HE =T R0 Wet &I A=
- Faraday Cup : xxx ppm ~ 100 %
« SEM : xxx ppb ~ xxx ppm



Deep Cup Faraday Detector (IH2UI0| & =)1)

Metal
Bucket

1014 ohm
R

<

lons

Output signal <
0-10V Electrons
Output
1014 -107°

amps


발표자
프레젠테이션 노트
After exiting the mass analyzer, ions are detected using a Faraday detector.  The Faraday detector is used in the range 10ppm - 100%. (Named after the English physicist Michael Faraday).
This consists of a “deep bucket” constructed from electrically conducting material.
When the positively charged ion strikes the inside of the metal bucket an electron flows from the metal into the ion to neutralise the charge.   This results in a net flow of electrons into the metal bucket from the attached electrode.
The current flow  is the sum of the charges of the ions that arrive at the detector per second.
Benefits :-
Excellent linearity.
No mass or species discrimination effects.
Very robust.  Not damaged by exposure to high intensity ion beams.
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발표자
프레젠테이션 노트
Mass spectrometers operate under high vacuum conditions.  At atmospheric pressure, ionization would be impossible as the filament would  burn out at atmospheric pressure.
If ionization did occur, ion/ molecule reactions would mean that very few  ions, if any, would survive as charged species.  At high vacuum, ion molecule reactions are negligible.
The most common pumping set up used is a combination of rotary and turbomolecular pumps.  




MS Vacuum System (MS &3 AAE 1 4) Thermefisher

RMS

Bypass
P (32 or 64)

Inlet*
probe

\

Micro
Capillary*

Turbomolecular pump

Mass spectrometer

» *"s*~ Optional
{ analyzer SAN
[ B : =
(_‘ LSl sample
s .es®  pump

* Sentinel 6B uses

Penning Gauge membrane inlet
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“Eras |

1000 mbar

Vacuum Pump




Rapid Multi-stream Sampler (RMS)

ES H ]




Rapid Multi-stream Sampler (RMS) O] &

 Zero dead volume
. AEG HEtA|Z2EE Z A

o XA JIAHA OF2 (Minimal mechanical wear)
. 5,000,000 O|&F =&

(> B
- RIS AER MZES KOG Y ¥ X
MNEANIE=5E 2B = 28 et
- =2 M3
3 year warranty



Rapid Multi-stream Sampler (RMS)

Long-Life
Sliding Seal
(10 million operations)

Air Filter

Sample Stream Selector
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Prima Pro Sample Flow(RMS)
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. . . ThermoFisher
Prima Pro Micro Capillary Assembly
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Prima Pro Electronics (VGi.Net) dpiiield
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Flare Stack Monitoring Application - Review
A0JHX| 822 50X 0| X

Analysis
Component Mame Formula Mol Mass Requested? Conc unit Mormal conc zl;rll'cr:nal Mormal conc Motes on Analysis by Prima PRO
(fes/Mo)
Cazel Casel Cazeld
Hydrogen H2 2 Yes ol 001 738 2.47 Measured as H2
. . . B b i inti b
IMethane CH4 18 Yes %mol  0.18 12.42 14.24 Measured as CH4 Conc %mol Prima PRO Standard Deviation %mol
H2O H2 18 Mo Fernol 0.01 272 an
Acetylene CaH2 28 Yes %mol 0.0 0.25 0.28 Measured as C2H2
0, < 0,
cO GO 28 Mo Fermnol 0 0.02 0.0z Hyd rogen H2 5 /0 _001 /0
Ethylene C2H4 28 Yes %mol 048 12,77 15.78 Measured as C2H4 ) o
Ethane CaHe 0 Ves %mol 0.1 222 2.5 Measured as C2HE Helium He Bal <0.05%
Methylacetylene B3Hs 40 Ves Homol 0.4 122 14 Measured combined as C3H4
Propadiene C3H4 40 Yes %mol 025 0.49 0.57 = Methane CH4 5% <0.01%
Propene G3Ha 42 fes Fernol g2.04 188 22.43 Mezsured as CIHE
co2 coz 4 Mo Eml 0 o0t on Acetylene C2H2  0.50% <0.01%
Propane C3Ha 42 a5 Fernol 074 0.8z 0.7 Measured as C3IHE
Vinylacetylene C4H4 52 Yes %mol 0.1 0.22 0.25 Measured as C4H4 . 0 < 0
1,3 Butadiene C4Ha 54 a5 Fernol 8.18 537 8.18 Nltrogen NZ 20 A) _003 A)
1,2 Butadiene C4HE 54 Yes %mol O 0.28 028 Measured combined as C4HE
! 0
Ethylacetylene C4HE 54 Yes %mol O 0.08 0.1 Ethylene C2H4 5% <0.01%
i-Butene C4H3 58 a5 Fernol 1.41 1.73 1.89
1-Butene C4Hs 58 Yes S%mol  1.07 1.3 15 Measured combined as C4HS Ethane C2H6 1% <0.005%
tr2-Butene C4Ha 58 a5 Fernol 0.34 0.37 0.42
cis2-Butene C4HE 56 Vs %mol 023 0.25 n.20 Oxygen 02 0.50% <0.003%
i-Butane C4H10 58 a5 Fernol 3|z 3.08 3.53 Measured as FG4H10
n-Butane C4H10 58 Yes Sernol 024 118 1.37 Measured as n-C4H10 0, < 0,
1,3-Cyclopentadiens  C5HB a8 Yes %ol 0.01 0.38 0.45 Messured combined ae CaHE Propylene C3H6 20% <0.03%
trans-3-Penten-1-Yne  G5Ha A Yes %mol 0 a1 0.13 Fasured comuined 85 L 0 < o
1,4 Pentadiens C5HE 83 Yes %mol 001 0.21 0.24 Propane C3H8 0.50% <0.005%
Isoprene CEHE 48 Yes Yol 0.01 0.83 072 Measured combined as CHHS .
Cyclopentene C5HE e Yes %ol 0 01T 0.2 1,3-Butadiene C4H6 1% <0.005%
1-Pentens CEH10 70 a5 Fernol o AT 018
Cyclopentane C5H10 70 Yes %mol 0 014 018 Measured combined as C5H10 i-Butene C4HS8 1% <0.005%
trans-2-Pentene GEH10 70 Yes %mol 0O 015 017
| E } . .
?MEihyL? Butene CSHH10 T Yes %mol 0 0.11 013 i-Butane i-C4H10 1% <0.005%
i-Pentane CEH12 72 a5 Fernol o LR ] 013 Mazsured combinad as C5H1Z
n-Pentans C5H12 72 es Fernol o 0.58 0487 b
o
Benzene GEHE 78 Yes %mol 1487 14.35 575 Mzasured a5 CAHE Benzene C6H6 0.05% <0.001%
Methylcyclopentadiene COH2 30 Yes ol 0 0.09 0 Meazured as CAHE . o .
1-Hexene CaH12 24 Yes %mol 0 015 018 Measured as CAH12 Net Heating Value <0.2% relative
n-Hexane CoH14 ag fes Fernol 1} 1.04 119 Mezsured as CAH14
Toluene CTHS 92 Yes %mol 0 257 2.04 Measzured as CTHE
2Morbomens CTH10 g4 Mo Fernol o 0.03 0.03 . . 0 p—
Cycloheptens CTHIZ 98 Mo %mol 0 0.01 0.01 JH (=2} St d d D t =) O O 1 / O I _I-
n-Heptane CTH18 100 Mo %mol 0 0.01 0.01 = andar eviatio n — . 0 o
Styrene CBH3 104 es Fernol o 013 015 Measured as CEHE
E-Benzene CBH10 106 a5 Fernol .44 338 0.54
p-Xylene CBH10 106 es Fernol 1} 0.06 0.0a Measured combined as CEH10
m-Zylens CBH1D 106 es Fernol o 014 0.1a
o-Xylene GCBH10 106 es Sernol 1] 0,06 0.07
2, 3-Dimethylhexane CEBH18 114 Mo Fernol o 0.01 0.
MNonane GCaHa0 128 Mo Sernol 0 0.0 0.08




ThermoFisher

Flare Stack Monitoring Application - Summary
HIIE0 SYEUDL ZZhA FREHES HY =
I Z30f BiE JIAS =Fsl= O B

=4, B4, CONX2 Bot=ASE XS 30 &2 & 30=
Wz §§‘>'0I tse

%mol %mol (8 hours

Fcllicte Sdl Ot 2EE

M

Hydrogen 10 <0.02
Methane 64.53 <0.05
== J Carbon Monoxide 5 <0.05
) ) - Nitrogen 10 <0.05
Flare Gas Monitoring System 'PRIMA Pro” =2 S3& Ethylene 2 <0.02
Ethane 2 <0.02
« =2 0ILIXI(1000 eV) AFBOZ IR B PHES QAL = S50 L S
o B Hydrogen Sulfide 0.05 <0.0005
A= HEZ PH 25610 i 8= 45 &2 Propylene 1 <0.01
c S22 HHIE AZ0| 9J|518I2 SC= CRIIEL} QU0 Carbon Dioxide 1 <0.01
Propane 1 <0.01
F&dot=0 5= 44X 1,3 Butadiene 0.1 <0.005
_ o o = _ . Butenes 0.5 <0.005
o L OIS} HO|O|] AHEZ =2 =X &t A O] OFSt A& = St .
ZH0ItAE SHG=H R n-Butane 0.5 <0.005
_ Carbonyl Sulfide 100 ppm <1ppm
e & X GO S =X HIS A2t i-Pentane 0.3 <0.005
N e Ee | n-Pentane 0.3 <0.005
« Carrier Gas ¥ Fuel GasIt 2R 80 28H| & Carbon Disulfide 100 ppm <1ppm
n-Hexane 0.1 <0.005

. 3 =
38 Warranty 235 NHV (BTU/scf) <0.1 % relative
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