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Gas Abundance in Dry Boiling Point (K) at 101 kPa Gas Viscosity Relative Diffusivity?
Air (by volume) (Pa's ¥ 10°5) at 0 °C

Nitrogen 78.1% 774 16.7 0.30
Argon 0.93% 87.3 21.0 0.37
Carbon Dioxide 394 ppm 217 K at 523 kPa (triple point) 13.7 0.23
Neon* 18 ppm 271 29.4 0.43
Helium 5.2 ppm 4.2 18.7 1.0
Krypton* 11 ppm 120 23.3 0.2
Hydrogen 0.6 ppm 20.3 8.40 1.2
Xenon* 01 ppm 166.6 21.2 -

*Not commonly used in chromatography.
tCalculated for n-octane at 130 °C from the Fuller-Schettler-Giddings equation (2) as cited in reference 3.
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Outer wall of column

Flow . +  0.1-053mm
¥ inner diameter

—

Stationary phase
(a) (0.1=5 um thick)

(b)
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! Capillary column
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Solid support

Stationary C vit Stationary
liquid stationary solid-phase
phase liquid phase particles

Column wall
Wall-coated Support-coated Porous-layer
open tubular open tubular open tubular
column column column
(WCaQT) (SCOT) (PLOT)
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Spedcial High Temperature

Polyimide Coating Polyimide Coating

Fused Silica

Fused Siica

Stationary Phase with
Engineered Self Cross-linking™
(ESC) Technology
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FID universal to C carbon mass Y 10'2g C/sec 107 107 na
TCD universal thermal conductivity concentration N 10%g/mL 10° <10° na
NPD selective nitrogen or phosphorus | mass Y 10" g N/sec 10° 10° 25000 N vs C
75000 P vs C
FPD selective phosphorus or sulfur mass Y 10" g P/sec 10¢ 10*for P 10°Pvs C
10" g S/sec 10° non-linear S 10°Svs C
ECD selective electronegative groups concentration N 10" g/mL 10° 10* up to 10° vs C depending
such as halogens, oxygen on type and number of
containing-groups halogens
SCD selective sulfur mass Y 10" g S/sec 10° >10° 10°SvsC
NCD nitrogen 10" g N/sec 10° >10°
PID selective ions of photo dissociated | mass N 10" g/sec 107 10 e against compounds
compounds with ionization
potentials higher than
source energy
AED both atomic emission mass Y 10"t0 10" g/sec | 10°-10* 10~ 10* 10°-10*vs C
MSD both ionized molecular mass Y 10"%g 10° 10° o for ions outside mass
fragments resolution window
ICP-MS both (universal ionized atoms mass Y 10" g/sec 10° 10° o outside mass
if measuring resolution window
carbon) |
ELCD selective halogens mass ¥ 10" g/sec 10° | 10° 10°-10°vs C
|
IR both molecular vibrations concentration N 107 g/mL 10° 10t 107 - 10* depending on

functional group

! Polysiloxanes
2 Detector
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I Universal

2 Selective

3 Destructive

4 Flame lonization Detector (FID)

> Thermal Conductivity Detector (TCD)
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Vent

Sample Cell

Filament

Heated Block \

Makeup Gas

Line
4

Reference Cell

Column Nut —— |

and Ferrule

Column i

Reference Gas
Line

ol sids JuSid gyl g Iyl colod jeasis XY Sl
'Og I Sy 4950 F—A—Y

(09 PSSV (FacS iz & )08) 55155 2SIl ole (sloog 57 g lasl (plulids (sl a5 iy 25 (65,9555
355 e ool s (5T g3l 45 Lile slaog,S 5 laislle sl

Vent Anode

Ni®® Foil

N

Makeup or
Auxiliary Gas Line

Column Nut ..// :

and Ferrule
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1 Electron Capture Detector (ECD)
Yy
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N, + Bray—> N+ e”
S (sample) + e~ - S~

N+ S~ - (neutral compound)

Detector ] Collector
Body Electrode

(Anode) (Cathode)
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A+e —» A
e Radioactive
. r o—— Foil (Ni)
o€ § emits B
=y o ticles ®
partic
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® ECD Signal
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collector

active element Active element is
a K or Rb salt.
jet
column
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chemiluminescence exhaust
detection region / thermal from high

fitter voltage power
/ supply

Flame
— remcmble to amplifier
arin interference and

filter computer

P filter = 526 nm
S filter =394 nm

GC column ‘\GC oven wall
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T Flame Photometric Detector
2 Photo Multiplier Tubes
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Computer
(Control + Data Acquisition and Processing)
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Gas Chrorﬁatograph Mass Spectrometer
(6c) (ms)

lon Source Mass Analyzer
(Major lonization Me(hodx] [ Quadrupole Vacuum

L wn

GC column Time-of-Flight
Magnetic Sector

£ lon Detector

Y * f Turbomolecular pump
-

o

Rotary pump
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Mass separation of

ions by MS

Mass spectrum of compound B

Intensity
Intensity Compound A m/z104
(“\ e m/z 105
|
1 [ {1
| m/z
| |
J ‘ Compound B Compound C
|
v s Ofb cel TICC is the sum of the
components by / f \ signal intensities of all EICs.
— /
3]
\ iy TICC Time

The mass spectrum is obtained by slicing all
EICs along the mass axis at a specific time.

EIC (m/z 100)
EIC (m/z 101)
EIC (m/z 102)
EIC (m/z 103)
/ EIC (m/z 104)
¥ @ EIC (m/z 105)
/ EIC (m/z 106; TICC: Total lon Current Chromatogram
EIC (my/z 107) EIC: Extracted lon Chromatogram

EIC (m/z 108)
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I Mass spectrometry (MS)
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! Electron ionization (EI)
2 Chemical ionization (CI)
3 Photoionization (PI)

4 Field ionization (FI)

5 Time-of-Flight

6 Quadrupole

7 Low-pass filter

8 High-pass filter

? Orthogonal
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30 meters 60 meters
nTeir =
\ | |12 11
3 l wl/ P 10 | 2 B
N “ 0 J
J L\_M‘MJL e ——— \_J‘ U ﬁJ‘
i . o 8 4 8 2 16 20 24 28 36
1. phenol 4. p-cresol 7. 2,4-xylenol  10. p-ethylphenol 13. 3,4-xylenol
2. o-cresol 5. m-cresol 8. 2,5-xylenol  11. m-ethylphenol

3. 2,6-xylenol 6. o-ethylphenol 9, 2.3 xylenol 12. 3,5-xylenol
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! Retention time
2 Resolution
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Diffusion N, Poor mass
transfer
1.00 -
0.75 =
H
0.50 =
Small { HZ
0.25 =
1 1 | 1 1 |
10 20 30 40 50 60
u (cm/sec)
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[ Internal Diameter \

|

7 .
Stationary Phase (’\9 Temperature

Film Thickness 4
Column
Length

(S (BT log )T p 5 il ol (gla pialyly Y S

Carrier Gas
Velocity

Carrier Gas Type
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Fowlis IA. Gas chromatography: analytical chemistry by open learning. 1995 Jan.




