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supercritical fluid* Liquidliquid®  thin layer* liquid:
(SFCy 3512

*For these techniques the combination of mobile and stationary phase can be varied to senerite either a normal phase or reversed phase system. Mechanisms
which have been exploited in the various techniques are identified as: 'adsorption, *partition, *bonded phase, ‘ion exchange, %ion interaction, ®size exclusion
Taffinity, *micellar, *chelation, "Yion exclusion,

Fig. 1.3. Classification of chromatographic systems.
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Gas Chroma
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Gas Chromatography

The chromatogram shows the order of elution (order
of components coming off the column), the time of
elution (retention time), and the relative amounts of the
components in the mixture.

The order of elution is related to the boiling points and
polarities of the substances in the mixture.

In general, they elute in order of increasing boiling

point but occasionally the relative polarity of a
compound will cause it to elute "out of order".
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Retention of Compounds

K value depends on:
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Mobile Phase
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Carrier Gas (Mobile Phase
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N, has a greater molecular weigh
lower (3 term, but must sacrific
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Injection ports

For optimum column efficienc
and should be introduced ont
slow injection of large samples c
of resolution.

The most common
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Injection ports

The temperature of the sample
than the boiling point of the le
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Capillary column'
typically arounc




N SN
b

e

i’

eptum Nut

Injection
Port Liner

—— — = &S P JdT=E\g==



Chro

Sample Injection

Peak widths are influenced b
The shorter the length of the
sample, the shorter the band as
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The critical functio




Sample Injection - Factors that affec

-Transfer of the sample from the syz
injectors)

-Transfer of the sample from the inlet to th
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Sample Injection

Syringe Technique

Universal method of introduction i

Reproducibility with gas samples is pc
temperature dependent - use of a sa

Most samples are in liquids.

Overall packed co
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Discrimination - select
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Svringe Technique

Several techniques are used to inje

Variations inc
filled needles.




Sample Injection
Syringe Technique

Hot needle - sample in barrel only
Cold needle - sample in barrel only (i1

Filled needle - sampl el and needl

Solvent flush - solvent
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Fig. 3.5. Discrimination of n-alkanes obtained by different injection techniques using a split injection
(1 ul; split ratio 1:15) and injection port temperature of 350°C. Methods of syringe handling are described
in the text. Reproduced with permission from Grob and Neukom (1979). J. High Resol. Chromatogr.,
Chromatogr. Comm., 2: 15.
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Sample Injection

Split Injection

First open tubular column injection

Sample is injected
and after evaporatic
sample is split into tv
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Sample Injection

Split Injection

Dynamic Splitting
Evaporation, mixin
flowing stream -

Why split? - capl :
capacity.




Sample Injection

Figure 8.2 Splitinlet of the HP5890 GC. (Courtesy of Hewlett-Packard Company.)
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Sample Injection

Split Injection

Total carrier gas flow into the inlet is split i

1st portion - 1 to 3 ml/min
the septum to purge vent.

2nd and 3rd portion the

At the bottom of the injé

a very small portion flows d
~1 ml/min

the rest flows out tl
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Split Injection

So ~90% of the sample is thrown awa
proportion of the sample analyzed must

Split Ratio = spli

Split ratios range from

For our figure:
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Sample Injection

Split Injection

The smaller the column the higher t
overloading the column.

Disadvantage: split inlets have a high prc
sample discrimination. Sc important tc
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diameter of split liner

For a split system quant:
operator is an expert, be




> /4
L"
_—
lNLET SYSTEMS SW S

w’"é ©

it

| g,o\
34 25 25 1 21 20 2.7% RSD

Liners

3 [}
Fig. 3.7. Effect of inlet liner on repeatability of peak area ratios of mcthanol:2~et2y|-l%ol. (A)
empty tube, (B) short glass wool plug in the splitting region, (C) short glass wool plug in the injection
region, (D) long and tight glass wool plug, (E) Jennings tube, (F) deformation of cross-section, (G)
chromatographic support packing. Reprinted with permission from Schomburg et al. (1977). J.
Chromaigr., 142: 87.
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Function: Low surface area
Recommended for: Volat

Advantages

- Simple to use

- Least expensive
- Low activity
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Liners

Glass Wool (middle)

Function: Traps non-
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Glass Wool (bottom) =

Function: Traps non-
vaporizes sample above
Recommended for: Dirt

Advantages
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Glass Wool (top)

Function: Keeps glass woc
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Taper/Gooseneck (top

Function: Limits the ¢
to the inlet
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Figure 3: The effect of using the wrong liner in splitless mode (n-alkanes). Top chromatogram, splitless (correct) liner, bottom
chromatogram split (incorrect) liner
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Sample Injection
Liners

= For high boiling tempera
well — increases the liner’s
sample vaporization.
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Sample Injection
Splitless Injection

o For ultratrace analysis, ve
range of boiling points — spl

o evaporati

o cold-on-col




Sample Injectio

Figure 8.3 Splitless configuration. (Courtesy of Hewlett-Packard Company.
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Sample Injection
Splitless Injection

o For splitless — a large volt
introduced. The carrier gas
than for split.

o Residence
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Sample Injection
Splitless Injection

o Splitless work best for bonded
Is placed on the column.
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Programmed Temperature Vaporizi
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Fig. 3.7. Left, a Schematic representation of a PTV injector configured for split/splitless injection.
The cooling coils were omitted for clarity. Right, the same injector modified for on-column PTV
injection. The glass insert helps guide the needle directly into the column. Taken from, J. Hinshaw,
LC-GC, 10:748 (1992) with permission.



Sample Injection

Purge-and-Trap Method

Effective way for sampling and &
compounds from matrices such
and sludge.
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Sample Injection

Purge-and-Trap Method

A sample (liquid) is purged for a spe
gas, usually helium.

The volatile analytes a 2pt by the purg

The trap material (us
absorbant mate

After a specified traj
desorbed and swe




Purge-and-Trap Method

GC
CARRIER

PURGE STATE

GC
CARRIER

DESORPTION & DRAIN

Fig. 3.16. Schematic representation of a purge and trap concentrator in the (top) purge, and (bottom)
desorb modes. The six port valve is automated.



Headspace sampling is a separatio
extracted in the headspace above
chromatograph for analysis.

This is the main met
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Headspace Samplino

Static headspace sampling is the simp
with a gas-tight syringe. The sample
The headspace sample is small in comp

Static headspace sampling

Manual gas-tight
syringe or
automatic

H/S analyzer
needle

Thermostat

Sample

Headspace

p'= x.v.p0

at constant temperature:
v-p0 = constant

thus: x=C_.A

A= peak area

C= calibration factor
x = molfraction

p = vapor pressure
v = act. constant
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Headspace Sampling Methoc

Automatic headspace are based on static
thermostatted vials and headspace samples a
septum by a needle. The concentration of each
concentration in the liquid or solid sample accord

The sample vial is heated during a period of time. £
pressurized. By switching the valve pace vapo

injection takes place by switching th i
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Fig. 3.19. A sample-based flow chart for selecting the injection mode. As an example, if the sample
did not contain volatile range organics, was reasonably concentrated, thermally stable, and lacked high
boiling components, the injection mode of choice is split.










