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Gas Chromatography

1. Introduction

2. Stationary phases

3. Retention in Gas-Liquid Chromatography
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5. Sample preparation and injection

6. Detectors

(Chapter 2 and 3 in The essence of chromatography)



A. Types of Columns in GC

1. Packed-bed column (d > 2 mm, packing particle from 100 to 250 micron)

2. Micro-packed column (d <1 mm, d /d_ less than 0.3)
3. Packed capillary column (d < 0.6 mm, packing particle 5-20 micron)

4. Wall coated open tubular columns (WCOT)
Thin layer of stationary phase coated directly on the wall of the tube.

5. Support coated open tubular (SCOT)
Liquid phase + glass powder or particle support
6. Porous layer open tubular column (PLOT) O ..0.

Particle support 50



Gas-liquid Chromatography: Classical packed column, and WCOT

Partition mechanism

Gas-Solid Chromatography: Classical packed column, and PLOT
Adsorption mechanism

Representative properties of different column types for gas chromatography
Hmin = minimum plate height at the optimum mobile phase velocity ugpt

Column Phase Hpin Uopt Permeability
type ratio (mm) (cm/s) (107 .cm?)
Classical Packed 4-200 0.5-2 5-15 1-50
Micropacked 50-200 0.02-1 5-10 1-100
Packed Capillary 10-300 0.05-2 5-25 5-50

SCOT 20-300 0.5-1 10-100 200-1000
WCOT 15-500 0.03-0.8 10-100 300-20000

Question. In a WCOT GC, two component, each with plate height H = 0.0064 cm,
are observed have a resolution of 0.5 when the length of column is 1 m. How
long should the column to be achieve baseline resolution?



B. Stationary phase in Gas-liquid Chromatography

1. General Considerations for liquid stationary phase
materials:

a. un-reactive with carrier gas and solutes
b. low vapor pressure

c. good coating characteristics (i.e. wet the materials used in the
column fabrication)

d. Have reasonable solubility in some common volatile organic
solvent.

e. Wide temperature operating range.
The low limit: melting point, or glass point for polymers
The maximum temperature is determined by thermal stability and
vapor pressure. In practice, the higher T is that can be
maintained without breakup of the liquid film into droplets.




2. Types of liquid stationary phases

a. Hydrocarbon and Perfluorocarbon stationary phases (non-polar)

Squalane (C;,H;,); Apiezon; Apolane-87 (Cg,H,47)

b. Ether and ester stationary phases

Poly-ethers (e.g., poly-phenyl ethers), phthalate esters

c. Liquid organic-salts stationary phases

Alkylammonium or alkylphosphonium
with nucleophilic anions (such as BF,)



d. poly(siloxane) stationary phases
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Figﬁre 22. General structures of poly(siloxane) liquid phases. A, poly(siloxane) polymer; B,
poly(silarylene-siloxane) copolymer; and C, a poly(carborane-siloxane) copolymer (@ = carbon and O =
BH).



Table 2.4
Characteristic properties of some poly(siloxane) liquid phases used for packed column gas chromatography

Name Structure Viscosity Average  Temperature operating
(cP) molecular range (°C)
weight Minimum  Maximum

OV-1 Dimethylsiloxane gum > 10° 100 350
OoV-101 Dimethylsiloxane 1500 30,000 <20 350
OV-7 Phenylmethyldimethylsiloxane 500 10,000 <20 350

80 % methyl and 20 % phenyl
ov-17 Phenylmethylsiloxane 1300 40,000 <20 350

50 % methyl and 50 % phenyl
OV-25 Phenylmethyldiphenylsiloxane >100,000 10,000 <20 300

25 % methyl and 75 % phenyl
oVv-210 Trifluoropropylmethylsiloxane 10,000 200,000 <20 215

50 % methyl and 50 % 3,3,3-trifluoropropyl
OV-225 Cyanopropylmethylphenylmethylsiloxane 9000 8,000 <20 250

50 % methyl, 25 % phenyl and 25 % 3-cyanopropyl
Silar 7CP  Cyanopropylphenylsiloxane 50 250

75 % 3-cyanopropyl and 25 % phenyl
OV-275 Di(cyanoalkyl)siloxane 20,000 5,000 250

70 % 3-cyanopropyl and 30 % 2-cyanoethyl
Silar 10CP  Di(3-Cyanopropyl)siloxane 50 250




State of the art GC performance
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Figure 2.3. Separation of polywax 635 by high temperature gas chromatography on a 6 m x 0.53 mm L. D.
open tubular column coated with a 0.1 um film of a poly(carborane-siloxane) copolymer (equivalent to 5 %
phenyl). Initial column temperature -20°C for 1 min, programmed at 10°C/min to 430°C, and final hold 5
min at 430°C. The helium carrier gas flow rate was 20 ml/min. (©SGE, Inc.)



3. How to choose liquid stationary phases.

H 16
logk=c+rR, + sn;' + an:+ b X B,+IllogL (Gas chromatography)

Solute descriptors (R,, 15, 2 a,, 2 B, Ioéi, and V,): depended on solute properties
Kamlet-Taft parameters

System constants (c, m, 1, s, a, b, and |): depended on chromatographic system
conditions: mobile phase, stationary phase, and temperature.



Table 2.6
System constants derived from the solvation parameter model for packed column stationary phases at 121°C
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Figure 2.5. Separation of a mixture of polar compounds on matched packed columns coated with
tetrabutylammonium 4-toluenesulfonate (QBApTS) and OV-275. Each column was 3.5 m x 2 mm LD.
containing 10% (w/w) of stationary phase on Chromosorb W-AW (100-120 mesh) with a carrier gas flow rate
of 15 ml/min and column temperature 140°C. Peak assignments: 1 = benzene; 2 = toluene; 3 = ethylbenzene;
4 = chlorobenzene; 5 = bromobenzene; 6 = iodobenzene; 7 = 1,2-dichlorobenzene; 8 = benzaldehyde; 9 =
acetophenone; and 10 = nitrobenzene.



Effects on system constants
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Figure 2.6. Plot of the system constants against the mol % phenyl composition for a series of
poly(methylphenylsiloxane) and poly(methylphenyldiphenylsiloxane) phases.

H 16
log k = C + IR, + sTr) + an;+ b ZB,+llogL (Gas chromatography)

System constants (c, m, r, s, a, b, and I): depended on chromatographic system
conditions: mobile phase, stationary phase, and temperature.



Temperature Effects
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Figure 2.9. Influence of temperature on the system constants (A) and contributions of individual intermole-
cular interactions to the retention of octan-2-one (B) for the hydrogen-bond acid stationary phase PSF6. For
(B) 1 = contribution from cavity formation and dispersion interactions; (2) contribution from dipole-type
interactions; (3) contribution from solute hydrogen-bond base and stationary phase hydrogen-bond acid in-
teractions; and (4) contribution from lone pair electron repulsion. Note for PSF6 there are no contributions
from stationary phase hydrogen-bond base interactions since the ¢ system constant is zero. (From ref. [81];
©Elsevier)

H 16
logk=c+rR, + sn;' + azq;'+ b X B,+IllogL (Gas chromatography)

System constants (c, m, 1, s, a, b, and I): depended on chromatographic system
conditions: mobile phase, stationary phase, and temperature.



C. Solid stationary phases in Gas-solid chromatography

G-S chromatography has a narrow range applications
Such as separation of volatile hydrocarbons and halocarbons solvents, sulfur gases.

Advantages: high stability.

Disadvantages: low capacity factor, irreversible-adsorption.

Table 2.9

General applications of PLOT columns in gas chromatography

Q = Poly(divinylbenzene-styrene), S = poly(divinylbenzene-vinylpyridine) and U = poly(divinylbenzene-
ethylene glycol dimethacrylate)

Stationary phase Maximum Typical applications
operating
temperature (°C)
Alumina oxide 200 Alkanes, alkenes, alkynes and aromatic hydrocarbons from C;
to Cjg. Cy and C; halocarbons
Silica gel 250 Hydrocarbons (C, to Cy4), inorganic gases, volatile ethers,
esters and ketones
Carbon 350 Inorganic gases, hydrocarbons (C; to Cs) and oxygenated
Carbosieves 150 C| to Cg compounds
Molecular sieves 350 Hydrogen, oxygen, nitrogen, methane and noble gases.
(S5A and 13X) Particularly the separation of He/Ne and Ar/O,. Hydrocarbons

(Cy to C3) on 5A with higher alkanes on 13X (up to C;;) but
not isomer separations

Cyclodextrins Fixed gases, halocarbons, hydrofluorocarbons, Cy to C;g hyd-
Porous polymers rocarbons
Q 310 Hydrocarbons (C; to Cy4), halocarbons (C; and C,), volatile
S 250 oxygenated solvents (C; to Cg), thiols, amines, nitro

u 190 compounds, nitriles, water and inorganic gases




State of the art performance
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Figure 2.11. Separation of saturated and unsaturated volatile hydrocarbons on a 50 m x 0.53 mm internal
diameter sodium sulfate deactivated alumina PLOT column. Carrier gas was helium at 5.0 ml/min and the
temperature program 40 to 120°C at 5°C/min with a 5 min hold at 120°C. (©Restek Corporation).
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Question. In a WCOT GC, two component, each with plate height H = 0.0064 cm,
are observed have a resolution of 0.5 when the length of column is 1 m. How
long should the column to be achieve baseline resolution?

5. A graduate student performed a separation of a potential drug A and B
in extraction of natural products. A mixture of component A and B were
separated on a 30-cm long uniform LC column. The retention times of
these two components were 16.40 and 18.63 min, and the base-widths
were 1.11 and 1.21 min, respectively. A component that does not be
retained by the stationary needs 1.30 min to pass the column. Please
calculate (1) the resolution, plate number and plate height of these two
components. (2) How long should the column be to achieve a baseline
resolution of these two peaks? and what are the retention times for
components A and B in this new column?



