Gas chromatography

Schematic of a packed column
gas chromatograph

.

First instrumental chromatographic method
developed commercially.

Reason - it is relatively easy o produce a stable
flow and pressure for the mobile phase -
carrier gas.

All that is really needed is a tank of
compressed gas, pressure regulator and a valve.

Flow control

@5

a - compressed gas cylinder

a
b - pressure regulator
c - valve
d - filter

Flow measurement

Electronic flow sensor
A modified thermal conductivity detector.

Permits continuous measurement
of flow over a reasonably large
range.

Must be calibrated for accurate
flow measurement.

Response will also vary based on carrier
gas used.
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Flow measurement

While flow is relatively easy to control,
it still must be measured.

—
Bubble meters - post column or —3
detector measurement of flow.
Cheap and relatively accurate.

Rotameters - pre-column measurement
of flow via position of ball floating in a
calibrated glass tube.

Injection methods

With packed column GC, this is a
pretty simple portion of the system.

Two basic approaches

Injection ports
Sampling loops / valves



Injection port

Injection port Syringes
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Syringe injection
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The first step is to
make sure that the
syringe is properly
loaded -- containing
no air bubbles.

Syringe injection
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After injection, it is
relatively easy to
determine how much
material remains in
the needle.
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Syringe injection methods

Major source of precision error is
from poor injection technique.

Both automatic and manual injection
methods are available.

If automatic equipment is present, use
it. If not, several approaches can be
tried to help reduce injection errors.

Syringe injection

—

Samples should be
injected as a plug.

Rapid and consistent
injection is necessary
in order to obtain

acceptable precision. =

Slow Fast

Syringe injection

—

When loading a syringe, you can see
how much sample is in the barrel but
not in the needle.

During injection, some sample can
volatilize from the needle tip, causing
poor precision.

This can result in sample
discrimination- worst for capillary
column injections.



Example of sample discrimination.
: Cio - C,4 n-alkanes

Syringe injection

~ Needle volume correction ~ Hot needle method
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- Liquids

=N _;r‘l'-‘: o .7 * 0.1 - 10 pl is typical
BERNS 3 Gases
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0.5 - 5 ml is typical

Injection precision with a
syringe is +/- 1%



Gas sampling loops Sampling loops

Introducing a constant amount of a gas can y I
be difficult with a syringe. Saﬂrp e Sanfp e

)/ent )/ent
Gas sampling loops and valves offer a high
precision (+/- 0.1%) means of introducing
gases.
. . et : o columri—
Equipment is relative inexpensive and only

requires a constant femperature for easy
use. carrier carrier

10 port valve

The lower portion is
normally covered with
insulation.

It's been removed so
you can see the ports.

o An alternate method
of 'injecting’ samples.

o Samples are trapped
on an adsorbent and

desorbed and
-




Columns

Types of columns

* Heart of the separation process.

+ Vast number of materials have been
evaluated.

* It is usually best to refer to various
catalogs as an up to date reference.

* Can be classified by tubing diameter
and packing type.

Types of columns

Conventional
1/8-1/4" OD, stainless steel or glass tube
6 - 20 feet in length

Preparative

> 1/4"

>10 feet in length
Capillary

0.1-0.5 mm ID

10 - 100 meters in length

Types of columns

Columns
Packed Open tubular |
(capillary)
porous non-porous
packing packing
Packed with coated with
porous layer porous layer
liquid bound | |
coated phase
packed liquid coated | |
capillary wall

1/4" packed column

Packed open (capillary)

O bead column Porous Wall
Layer Coated
g) porous layer Open Open

@ conventional Tube Tube

1/8" packed column




Stainless steel capillary column Fused silica capillary column

This is a real
antique.

All of these were

internally coated.
Packed column selection Examples of stationary phases
Temp.
(C)
Phase [USP Code] (Solvent) Min/Max
We'll deal with capillary columns in the next unit. For
' : 0V-351, 10g (C) 50/270
now, let's go over how to select an appropriate (suggested substitute: SP-1000)
| OV-1701, vinyl, 3g 0/250
column. B.-Oxydipropionitrile, 50g (M) 0/75
Phenyldiethanolamine succinate [G12], 0230
f i i i 259 (C
Unless you're developmg.new p.ack.mg materials or Pod sle)ne aycol adipate (EGA) [623],
methods, the best starting point is to consult a 259 (.
i Polyethyleneimine, 50g (A) 0/175
Chl"Ol’I‘\GTOgI"GphIC CClTCl'Og. Polyphenyl ether (5 rings) 0S-124, 0/200
25g (A)
They pr'ov1dela wealth of'mforr'naﬂon regarding cost, PO'&égge(ny)l ether (6 rings) Z:—w& ozzs Coprig 997,
imi i i Pol | lycol, 50 Bellefonte, PA.
temperature limits, sample applications . . . . ngg:gg%g:;g\ Yoo 1 099( ) 0/200 Used with permission.

PPE-20 (poly-M-phenoxylene) (C) 125/375

Examples of packings Examples of empty columns

Pacidng - RN hﬁﬁ Chromatograph Sketch (not to scale)
:::':i::??lw; o H';rrrw,arm’\s 300 max HP 5880!
P 10% Aponer o KOH on BQ/00 CM EWAW  Amphatamines 225 max 5890
Eﬂ:?t\:a‘;%:fc;“l:(l;:\(r} :‘Tv;. :}rmama: AW amines 50/225 Configuration B*

e BC-120 on 100120 Clhromosorb P AW-DMDCS Beazene ‘1 1?5

24160 on 1 60/126 Chiomesoch P AW.CMDCS . B Benzme TCD Only
Corbopack 8 T 5E o=
o-oﬁﬂ’rm 0D, ckogen st &L : :
M' ~ SmvGae . XYS Length | OD [ID (mm)
i e e X 11.02 6/183m| W | 2
£5; CARBOWAX 2CA/CP 80/80 Carbopack B Bocd A c:_,l'o- 225 maox. 280m
42, CARBOWAX 20M '80/120 Camopack B-DAY C2.C5 Acids 200 max m
5 .,% CARBLMAX POMEO 120 Carsopack B AW Alcolioic Beverages 225 max Y 7.09" 10'/3.05m %" 2
,‘,..,,.... "‘""'"""""‘"’"”" o 180mm 6/1.83m| %" 4

Qa_ : s o Other*

«s_g-twwl

O8N Copyright, 1997, Supelco Inc., Bellefonte, PA. Used with permission.
Copyright, 1997, Supelco Inc., Bellefonte, PA. Used with permission.



Packed column examples

Supports, Coated (Cat. No. of packing)
10% Carbowax 20M on 80/100 Chromosorb W AW, 6 ft. (1-1994)
10% Carbowax 20M on 80/100 SUPELCOPORT, 6 ft. (1-1810)

3% OV-17 on 80/100 SUPELCOPORT, 6 ft. (1-1953)

10% SP-1000 on 80/100 SUPELCOPORT, 10 ft. (1-1872)
10% SP-1000 on 80/100 SUPELCOPORT, 20 ft. (1-1872)

5% SP-1200/1.75% Bentone 34 on 100/120 SUPELCOPORT, 6 ft. (1-2134)

5% SP-1200/1.75% Bentone 34 on 100/120 SUPELCOPORT,
6 ft. (1-1734) For EPA Method 602
3% SP-2100 on 100/120 SUPELCOPORT, 6 ft. (1-1738)
10% SP-2100 on 80/100 SUPELCOPORT, 6 ft. (1-2140)
10% SP-2100 on 80/100 SUPELCOPORT, 10 ft. (1-2140)
10% SP-2100 on 100/120 SUPELCOPORT, 6 ft. (1-1989)
10% SP-2100 on 100/120 SUPELCOPORT, 10 ft. (1-1989)
20% SP-2100/0.1% Carbowax 1500 on
100/120 SUPELCOPORT, 10 ft. (1-1821)
10% SP-2330 on 100/120 Chromosorb W AW, 6 ft. (1-1851)

Copyright, 1997, Supelco Inc., PA. Used with p

Column: PAG, 30m x 0.25mm ID, 0.25pm film

Oven: 60°C I
Carrier: helium, 20cm/sec (set at 60°C), Examp e
4 5 splitter vent flow 65-70cc/min
Det.: FID,260°C a icafion
Inj.: 1pL alcohols in water PPI
(0.5-17mM each component),
split 100:1, 250°C
1. Methanol
1213 2. Isopropanol
3. Ethanol
6 4. 2-Methyl-2-propanol
9 5. 2-Butanol
810 6. 2-Methyl-2-butanol
7. 1-Propanol
8. 2-Methyk1-propanol
9. 3-Pentanol
10. 2-Pentanol
1 11, 1-Butanol
12. 3-Methyt-1-butanol
7 13. 2-Methyl-1-butanol
14. 1-Pentanol
14
N UJ
' ' ) : ' Copyright, 1997, Supelco Inc.,
4 8 2 16 2 PA. Used with iSSif

Example application

2 Carbopack C Column
Canrier:  nitrogen. 20mLmin
Oven: 135°C
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23ty 2 butarat
0, 22 Dintoiigg-1 gropanol
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3Mettl-1 -butano

. n-Portanol

et
Copyright, 1997, Supelco Inc., Bellefonte, PA. Used with permission.

When all else fails!

Kovats retention index

Most chromatographic supply companies offer toll
free technical support.

Before calling, be ready to answer with

# Instrument and model.

# Injection and detection method.

# If capillary or packed columns are desired.

# Type of sample, solvent and concentrations of
each component expected.

Kovats retention index

Each chromatographic setup will vary to
some degree.

Retention times for a known set of
species can be hard to reproduce from
one lab to another or even one
instrument to another.

Retention indexing helps fo standardize
your results.

Method is based on results of homologous series
where log ty an.

log t,

number of carbon



- Kovats retention index - Kovats retention index

- Kovats retention index ~ McReynolds constants

~ McReynolds constants ~ McReynolds constants

Substance
‘benzene

the reference material
are normalized to if.



tention time increases
of carbon.

Example

‘A temperature program




-




Thermal conductivity detector

Thermal conductivity detector

Adiiail]

GC detectors sensitivities and ranges

e AED 1
e | [ | e
gt D |
ECD |
NPD (N, i
NPD (P, <3
FPD (S
FPD (P)

FTIR
MS (SIM) MS (Scan)

Representative thermal
conductivity values, 100°C

Thermal conductivity
~ Species 10° cal/cm sec °C

hydrogen 49.93
helium 39.85
nitrogen 7.18
ethane 7.67
water 5.51
benzene 414
acetone 3.96
chloroform 2.33

Thermal conductivity detector

carrier
ference carrier +
\ sample




Thermal conductivity detector

o

Flame ionization detector

o

* Specific - sample must be combustible

* Destructive

+ Limit of detection ~ 5 pg carbon / second
- Linear range ~ 107

Mode of detection
Production of ions in a flame result in a current that
can be measured.

A make-up gas may be required to maintain an
optimum flow - capillary columns

Flame ionization detector

o

collector igniter

air ‘ A make-up gas may
also be present if
capillary columns
are fo be used

End of column

Thermal conductivity detector

o

Dual channel detectors require both an analytical
column and a blank column.
- accounts for response changes due to
- variations in femperature
- column bleed

Single channel TCD systems are available
that correct for temperature variations.

Flame ionization detector

VAT St et gt s e P e

Sample components
enter at the base of
the detector. They
mix with hydrogen
and enter the flame.

Tons are produced
that can be measured.

Flame ionization detector

o

Compounds with little or no FID response

noble gases NH;  CS,
NO co 0,

X

H,0 COE N,

perhalogenated compounds
formic acid, formaldehyde



i FID response

~ Response is based on the number of
’, and if other elements like halogens
r vresent which reduce
el S b

p-are emitted by
an 93Ni source.

 Elec




‘—‘— anode purge

Electron capture

Stationary Phases: PTE-5, SPB-608,SPB-1701
Column Dimensions: 30m x 0.25mm ID, 0.25um

Relative responses

hydrocabons

esters, ethers

alcohols, ketones, monochlorides, amines
monobromides, dichlorides

anhydrides, trichlorides
poly halogenated, mono and diiodo

Catalog Nos.: 24135-U (PTE-5), 24103-U
Oven: 100°C1to 280°C at 6°Cfmin
Carrier: helium, 40cm/sec.

SPB-60B), 24113 (SPB-1701)

Sample: 1L of 0.1pg/mL extract, splivsplitless 45 sac, 250°C
PTE-5 Column

- Electron capture detector

. 4,4.00D
. 4,4DDE
. 44007
. Dieldrin

. Endosulfan |

1. Endosulfan Il

. Endosulfan sulfate
. Endrin

. Endrin aldehyds

. Endrin ketone

. Heptachlor

. Heptachlor epoxide
. Methaxychlor

(not abserved with P’
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Figure A. Trace Light Sulfur Gases

Figure B. Light Sulfur Gases at
Percent Concentrations

Column: Chromosil 310, & (& packed) x 1/8” 0D Toflan (FEP)
Can Mo 11501
e
Corfiar: Nl Z0mLimn
BEe o
Inj 0.6l ntogan, approx 1ppm aach snakie

Ha
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Column:  Chromosil 310, & x 4mm ID glass
Cat Nl propared on mquast

C-g:-. fdium, SmLimin
Ini  Ddml symihetc mix
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1 FID
Range: 2¢
Atten: 2°
3
7
)
No.  NRR Compound
1 035 Pentane
2 6.08 I-Hexene :
3 081 Hexane >
4 10.54 Benzene [T
S 5.60 Cyclohexene
6 258  i-Octune 2 3 PID
7 1.06 Heptane Range: 2°
8 10.00 Toluene Atten: 25
1
3
N ] L
r T T T T T
0 2 4 3 8 10

Figure 2. Chromatograms of Hydrocarbon Mixture

ed through a high
‘ keac‘hon tube.







