,
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= Analysis

(Separation metho s%@
Chromatograph

(1991 Litall-Uasa o) 5 53 (5 98 L9580 Ml
Prof.Dr.Joumaa Al-Zeh h.D Germany 1991)
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1- Open system ( you see on yo
eye ) 5%

4- Slmple an
5- Ab|I| e all Solvent

6- H| nS|t|ve (HPTLC) ng
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Gas Chromatography
* gas chromatography : @@

A chromatographic technl |n which the
mobile phase is a g @@
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In gas chromatography (GC) the sa
which may be a gas or liquid , i%\
Into a stream of an inert ga obile

phase ( often called the car gas).

sample s C ents separate based on

their | |Str]

betwee mobile and stationary phases
Okd

OS @
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NN

Why the method quick separ%ts@&”

1. Short time of analysis % il
N

2. Low sample amount
3. High power of sepa
4. High sensetitive@
5. Ability to ag@@ ize
e
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Gas form
Volatile ability

> W N

Soluble In Garri

o

Stable in high temp
when its In Gas

form 3@®

@@@%O@@Q
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Alpha tocopherol ( Vit.E)

Examine by gas chromatography (22275, using dafwacontane & as the internal standard.

Mfemal siandard sofuiion. Dissolve 0.20 g of dotniaconiane & in fexans & and dilute to 100.0 ml with the same solvent.

fesi soiution Dissolve 0100 g of the substance to be examined in the internal standard solution and dilute to 50.0 ml with the internal standard solution.
Feference seiufion Dissolve 0100 g of a-fecophers! OFS in the internal standard solution and dilute to 50.0 ml with the same solution.

The chromatographic procedure may be carried out using:

— asilanised glass column 2.0 mta 3.0 m lang and 2.2 mm to 4.0 mm in internal diameter packed with siamsad disfomacaeous eanth for gas chromatogranfiy
pravto 150 prmoor 150 pr to 180 prm), impregnated with 1 per cent sadn to S per cent mdn of podraimethyistorans & a plug of silanised glass wool is placed at e:
the colurmn,

—  mitvegen for chromatograshy & oas the carier gas at a flow rate of 25 ml/min to 20 ml/min,
— & flame-ionisation detector,

maintaining the column at a constant termperature between 245°C and 280°C and the injection port and the detectar each at a constant temperature between 270
320°C. Set the termperature of the column and the flow rate of the carrier gas in such a manner that the required resolution is achieved.

VN Vg

Make the injections directly onto the column or via an injection port (preferably glass-lined) using an automatic injection device or some other reproducible injection |
Measure the peak areas by electronic integration.

Fesolufien Inject 1 pl of the reference solution. Repeat this operation until the response factor (RF) determined as described below is constant to within £ 2 per cer
resolution (&) between the dotriacontane peak and the a-tocopherol peak is at least 2.6

"

ok
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@~-actors which affect GG
separations W@
Efficient separation of cnds I

GC Is dependent on thexcompoundads
' the column at
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Vo/at///ty of compound. @
L ow boiling (volatile) co (s
7z e

willl travel faster thra
column than will hig ‘7 orling

components @
@@@
2- Pol. g compounds Polar
as

com willl move more slowly,
@s@%ally If the column 1s polar.
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3- Column temperature. Ralsmg
column temperature speeds g@

compounds in a m/)(ture

r

ty Usually,

ove slower on

polar colu &o ut polar compounds

will S/gg ?arger effect

789"
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column. Speeading up the ca
Increases the speed with &

compounas move z‘hmug e column.
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Development of Gas Chromatograpt@

1944 Martin & Synge (first concept of GVsuggested)
1952 Martin & James ( Separatlo acids)
1955 the first commercial GC % nt appeared in the

market.

Until 1960 it develope ked column techniques.
1979 Capillary col @

ab 1990 :

GC-MS %Qromatography —Mass Spectrometry)
GC- @‘ ( GC-Fourier transform infrared-MS)
@ e
S
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First instrumental chromatographic method
developed commeradlly.

Reason - it is relatively easy to 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.

Prof .J .Al-Zehouri



Basic Instrumentatio%

A ted Inlet

The carrier gas flows through t
sample IS

Into which a very small amou
Injected .The vaporized samp

separation of the indiviggalcomponents take
place. The column,
controlled ov ‘ﬁ
In vapor for r@er separation the carrier gas
' nent bands pass through the
and are recorded on the recorder or

Prof .J .A l
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Modes of GC 0
« Gas-Liquid chromatography (G L%@W

In GLC a liquid substance serve as\a stationary
phase. ( partition process , pack d capillary
columns), In case of pack ltUmn, the liquid

stationary phase is no e and distributed in the

form of a thin film nert solid support, the
most commonl supports are diatomaceous

earths such @6 elguhr.

either ?nternal wall of the capillary (wall-

coa n tubular, WCOT) or on a fine porous

t material as a thin layer attached to the inside
olumn walls( support-coated open tubular ,SCOT).




Modes of GC

» Gas Solid Chromatography (G Q@
In GSC the stationary phase | coated
solid ,which may be a simpl%@ sorbent, for
example ,alumina and sil'@g I a porous solid

such as molecular sie @

The separation ispased on the adsorption/
desorption progessof the analytes on the
stationary jahase, which can occur not only In
pack jimns but also in capillary porous-
lay en tubular (PLOT) columns. The
IS prepared by depositing a porous
erial on the inner column walls. ... ; Azenour




Basic instrumentatio

The basic gas chromatograp

* Moblil phase (carrier gas s

cylinder , pressure r

controller}.
* The injector (I
* The Oven

e Th or.
: '&ta system.

e%i t

NG

ts of :
e

h include the column.
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Schematic of a pocl(ed colum n(
gas chromatograph

carrier
= heated
zones
///
column /

e

data
system
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" |- GAS SUPPLY SYSTE

In GC a supply of carrier gas red as
the mobile phase to transf sample

from the injector thro column , and

In to the detector §

Q @
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Mobile phase

» The most commonly used carrier gas |Ie
phase) for GC are Helium He Ar 0 tro en
N, ,Hydrogen H, , carbon dIOXI 2and Neon Ne

 The carrier gas should be ch y Inert toward
both the sample and the @"ro ary phase, dry , and

pure.
 The choice of WI w

determinated bwtbg-Mstrument s<: detector, the
purity of , the availability and it cost.

* Thes e ] fthe best carrier gas Is important
bec WI|| determine the column separation
es. ( efficiency of the column separation)

ler gas to use Is often

Prof .J .Al-Zehouri



1- H, as Carrier and Burne

@
2- He Carrier @
3- Ne Carrier @@

4- O, Burner @

: A|2r $@®

/- A arrler
8
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| (]
N7
R

« With packed columns the mobile-
phase velocity Is usuallprwithin the
range of 25-150 1z; O I, whereas

Yow rates are determined

c

4 flow meter placed at the
@@: lumn outlet.
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)
o Commercial pressur. I%Q@%J 50 —

160 atm) gas cy//

%)
. Tth ator ( designed
spe for chromatography

i
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a - compressed gas cylinder
b - pressure regulator
¢ - valve

d - filter

Prof .J .Al-Zehouri



Gas -Generator

L 2 P EE B BT
L T E T T
R AL PR R R E R

L EBesmes s —same
-
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While flow is relatively easy to control, it still
must be measured.

==
=)

Bubble meters - post column or
detector measurement of flow.
Cheap and reldtively accurate.

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

Prof .J .Al-Zehouri



Flow measurement

Elecironic How 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

Prof .J .Al-Zehouri



1I- Injection port =

septum

- carrier in
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Liner

The vaporizer tube is usua glass
Liner, which serves to ent the
sample coming In act Wlth the

heated metal s s so that the
thermal d@@ sition can be

minimiz
o

9

@@ Prof .J .Al-Zehouri



,y»i' W«

Nesio”

Purpose of port is to flash evaporate your sample and
infroduce it into the column.

Ty > 50°C above T_,

lumn

Injection is through a septum.

Septum must be
stable at the T, .
replaced regularly to maintain sedl

Prof .J .Al-Zehouri



* The Temperature of infﬁ port

IS usually adjusted c?s to be
approximately 5@ igher than
of the colu '6‘ IS ensures a
process d flash Vaporization

of th@@ id Sample.

5"
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“SAMPLE INLETS (INJ EC%@@)

~ s are used

« Sample introduction is crltlc
especially when WCOT col

* Therefore ,the inlet sy nust be well
designed to facilit @ Injection of the
sample on th .. the column without
degradatio column performance and
withoutdis |m|nat|on of sample

Prof .J .Al-Zehouri



SAMPLE INLETS (INJECTIO

» In order to minimize the band spreaq@
and to obtain the best resoluti
sample must be injected ramd d must
be of a suitable quantity.

* |Introduction of a Iarqa@l me or too
concentrated sal 9may give rise to poor
resolution and rted peaks.

* The sampl ze depended on the
dime@@ﬂ of the columns and on the

S@%i ity of the detector .
el
Prof .J .Al-Zehouri




"« Capillary columns require smaller q
than the packet columns.
* For packed column, sampleﬁﬂ nges
from 0.1-10 pl .

* For Caplllary Column@@j much less
sample 0.01 -1

* For quantitaji rpose the sample
Introductio st be attained with high
degre @recision and a accuracy.

389"
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5 SAMPLE INLETS (INJECT
- Several techniqgues have been developed
éually

Introduce sample on to the GC colum

 The samples in the form of a I|qU|
Injected into GC using a MicroS\k throw a
rubber or silicone septum. Fopithe solid samples
It IS convenient to dissolvh m in a suitable
volatile solvent. @

* For repetitive or ! c Injection of a large
or different samples, auto —

* Due h sample capacity , the
Int lon of the sample in to packed columns
ijﬁ ly problem free. so for capillary column
@ eral techniques for injection are developed

Q n
Prof .J .Al-Zehouri

a
\

‘\
\




Mi W«

i

Maijor source of precision error is from

poor injection technique.

Samples should be
injected as a plug.

Rapid and consistent
injection is necessary
in order to obtain

acceptable precision.

Slow Fast
Prof .J .Al-Zehouri



Syringe

Several fechniques can be tried to help
improve manual injection precision.

Try different, less voldtile solvent
Use syringe guide
Use ‘through the barrel’ syringe
Measure needle volume

"Hot needle” method
Syringe loading

injection

Prof .J .Al-Zehouri



Hot needle mdhod\:

1. Draw sample into syringe barrel.
2. Next, draw 2-3 ul air into barrel.

3. Insert needle into injection port and

allow to heat for a few seconds.

4. Rapidly inject sample and withdraw the
needle.

This insures that all sample is injected
and the 'hot needle’ assists in solvent

volatilization.
Prof .J .Al-Zehouri



f{w‘f&
%ﬂ Chromatography

“\"uu"

- Syringe

Septum =

Heated
Blok

= ) e

arriar

- _Glass
>as =

Liner

e _ Packed
Column

Diagram of the injection system for packed
columns.
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SAMPLE INLETS (INJECTION @ )

» Split Injection @@W
» Spiltless injection &
* Direct Injection (Col? column

Injectors)
. Programma ﬁ@mperature
vapouns

<f§ Gas Samples

. Inje
ace Analysis.
9
@ Prof .J .Al-Zehouri



Split Injection

» Split injection involves inject]
sample into a heated Inje
,vaporizing the sample
inlet, and splitting t \

vaporlzed sample nters the column and
N IS vented to waste

the major ®
. Spht(;ﬁ@ nh was firstly developed for
lar columns. sl A o3 < sh

3
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Split Injection

Split Injection has been one of the %’W
commonly used methods for many’apf

since it offers many practical 3

analyzing concentrated samples with little risk of
band broadening. (1/1Q%KX27/100)

It Is easy to auto d it is compatible with
both isotherm emperature-programmed
operation.

. The @&@ split injector Is flash vaporization

ok
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Needle gukde

High lemperature saptum

Saptum purge outlet
—r

Camier gas nlet

e

Graphite femue

Spit gag outiet
———
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Splitless Injectors

* The Spiltless Injection Is us Wd for
analysis of trace compou

* As the name |nd|cates |s no split in
this injection techni hICh IS achieved
by closing the v Classical injector).

* The desig splitless injectors differs

from the
of th

jectors only in the addition
lehoid valve downstream from the

ol
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Splitless Injectors

* During the spiltless period, mos ample
and solvententeLthejelumn x

* The residual vapor In the - or, however, may
' for the solvent
peak. To avoid this g S m, the inlet is switched
back to the split g -‘\*' after a nearly completed
@ 0 that all remaining solvent

Prof .J .Al-Zehouri
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Direct Injection

( Cold On-Column Injector%@
The cold on-column injectors all%@jection
4mn

of liquid sample directly onto the .
During injection ,the injection e IS maintained

at low temperature to a eedle

discrimination. @@V

A major advanta IS Injection technique is
that the samyp| mpletely transferred without
discrimina);}i\@ d high precision and accuracy

of thefesults can be obtained for samples with a
widérangé of component volatilities and
thermally stabilities.

o/
N
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Syringe

Carrier Gas

Capillary
Colurmn

Dhagram of a cold on-column injector.
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@

programmable

|Ie parallel capillary

volume and@

colum

; offer the injection of a large sample

Prof .J .Al-Zehouri



Injector for Gas Sampl@@

* For injecting gases and vap —tight

syringes with Teflon-tippe gers and
syringe barrel are availahle!

 Many analysts f
for gas sampl
of accurat @

a@@ g of gas syringes

Wever ,the introduction
asured volumes of a gas

Prof .J .Al-Zehouri



Liquids
0.1- 10 ul is typical

Gases
0.5 - 5 ml is typical

Injection precision with

a syringe is +/- 1%

[T
‘& We?, =~ )
o

Sample size
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Headspace Analysis

 The headspace injection pe A ?’
analyses of volatile comp

complex samples Whe atrlx IS of no

Interest.

* A major advan@@f this technique is that
the samp a e directly analyzed
Wlth pllcated extraction of the

from the samples.
@@@
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Headspace AnaIyS|s

In this case ,the sample Is transf r
sealed headspace vial and p |n a
thermo- stated bath, usually a 60 C°.

The volatile componen c have a suitably

high vapor pressure m the liquid or solid
sample matrlx a e form of gases
ds

distributed | pace of sealed sample
vial.

The | of the gaseous sample into the GC
done by means of a gas-tight syringe

colgg%
@@ eclally designed valve.

Prof .J .Al-Zehouri
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Headspace Analysis

The principles of headspace injection ar
on the thermodynamic conditions of
When a sample containing volat%g onents

IS placed In an airtight vial, eqguy
reached between a liquid and

apor.
The vapor phase or he cé can be

determined either qus
since the vapor phad
composition asthe
and pressur

The c niration in the vapor phase Is a
rel a he concentration in the original

2%

ely or quantitatively,
nas the same
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llI- OVEN

1- Convential GC-Oven @J
(L g5l all @}u\&d\ J}Aa@{%?“”\
2- Flash GC-Oven @

L \L\‘J_A'I()d_\u\w
‘\JJ\)&LALAJ\SA.\D

3- I\/Ilcrowa ven
J;\juh J.\S\@.ajjc_mw.bssa}q\.d\um
4-Inf eated GC -Oven

IE >

Prof .J .Al-Zehouri



St

"IV- GAS CHROMATOPHIC COLUWQ%*‘”

 The column, where the actu @
chromatographic separati % urs
described as the heart
chromatographic systew

* There are two ofs
chromatog ' columns most commonly
used , packed and capillary (or

@@@ ar)

Prof .J .Al-Zehouri



GAS CHROMATOPHIC COLU

Types of columns

Packed Iar

Prof .J .Al-Zehouri
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but today the majority of GC ha

carried out on capillary colu
» The principal difference 1&\ the two
columns is reflected m@ late

numbers.
* The packed col

re characterized by
their relativ plate number, but they
have highey sdpacities which simplify
sam%@ tfroduction technigues and can

odate a larger quantity of sample.

Prof .J .Al-Zehouri



GAS CHROMATOPHIC COLUM

& -;;? "“ r:
-K 2

. On the other hand , the capillary coI av
very high plate numbers which the
high efficiencies and separa I Q@ioabllltles

* The faster gas velocmes ca w applied on
capillary columns, g|V| a vise to shorter

analysis.
* Other | |mpor ures of caplllary columns

compare acked columns are greater
@nger life, lower bleed, and more
e with spectroscopic detectors.

Prof .J .Al-Zehouri
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Glass column can be used at high temp
when the metal tubing would catalyzs ?@

compounds are being ana ~such as
steroids and essential oijs

Typically packed em
gth vnd 2-4 mm in an internal

usuall ed as cols.

oven mo-stating ,the packed columns are
J
¢

@8
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"+ In the GLC columns ,the solid supp

GAS CHROMATOPHIC COLUMNS\ (@) )

needed to hold the liguid statio se
.The material should consist o%%%
uniformly spherical partlcl a large
surface area per unit volu partlcle Size
between 80 — 120 mﬁﬁm order to
minimize the vol e and to supply a
specific surfac for Interaction with

the analyte ddition they should be
mec strong over a wide
@ﬁlre range.

@@@
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Chromosorb Wor G, orc
which has the trade -4@-
P. In GSC the mo @ monly used
adsorbents ar@ ated charcoal , silica
gel, aluming((and glass beads.

Q;J\ 5 asmal¥) il Aaiul (aeally Ulal gl aclall Aldall (al ) )

DMCS , HMDCS Jis (ruliadl @ilS jan zellay mdasall 43l il -

50"
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AN
\ \ \
0 0 0
/o GilCHyCL, / ROH /
— Si—OH b —5i—0— Si[CHy),Cl —> —8i—0—SilCH,),0R
\ \ \
#,ﬂ fﬁ + HC H,C' + HCI
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solutes between a gaseous mob%e 9se and a

liquid stationary phase coated on \the
packing material.

To avoid the adsorption@@lute molecules on
exposed packing matenat, which degrades the

qguality of the sepa
deactivated |
ithlorosilane and washing with an

dimethy (ﬁ)
a iIcally) methanol before coating with
@sﬁry phase.

Prof .J .Al-Zehouri




packed column

has -SiOH
,as active sites
that adsorb.
solute in GSC

(L) Length
* (ID) Internal diameter 2-4
* ( N) Number of ,g;;_;i pla




GAS CHROMATOPHIC COLUM

2. Capillary Columns

« There are three main types of Capillary coI
open tubular columns)

- WCOT = Wall coated open tubular aré\t
commonly used in GC.They are p y coatlng the
Inner column walls with the Ilqwd s ary phase as a
thin film. precently fused silica4sth&’most commonly
used column material , whi @\anufactured from
synthetic quartz with ve ess than 1 ppm) metallic
Impurities.

lI- SCOT = support ce open tubular: in this column the
liquid Is Iocate 1@» rous support as a thin — layer .It
has higher sample“capacity but les efficiency than

WCOT
- PLOY ous layer open tubular : is similar to SCOT
! n that a porous material is deposited on the
' olumn wall.

%
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WCOT = Fused silica capillary column

WCOT = wall-coated
open tubular
column:

An open tubular
column in which the
stationary phase |
coated on the
column s wall.

AR =10 — 100 m
(\}Y rnal diameter 0.20- 0.75 mm
« N = 100000- 500000 ( N/m =1000-5000)

S
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Q PLOT WCOT

WG'DT

e ]

SCOT
e e

Prof

d
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GAS CHROMATOPHIC COLU

+ SCOT: L=10-100m, ID=0.5,
120000 ( N/m=600-1
Support-coated open tubular m :

An open tubular column in wgw the stationary
phase Is coated on a upport that Is
5@ W

attached to the co alls.
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GAS CHROMATOPHIC COLl
Packed cnlu mn

AT
]

I S T

,yuizr

“\:;'

L — —— . -u-_ = - b i

‘-‘i
, i

e, M, D W W el O X KT ot CWC e - w el T wC e wt ow W el e D

Diagram of the cross-section of the GC columns.
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Stationary Phases In G

* The stationary phases are u quds
which should exhibit ther %‘Cf Oility
,chemical inertness, a olatlllty to
prevent bleeding o Iumn The
noiling point of t parating liquid should
e at Ieas higher than the required
colum erature The same stationary
‘:e employed in packed or

@ﬁmry columns.
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"+ Elution order in GLC is determined primayril @
the solute s boiling point and, to a Iess :
by the solute s interaction with the

phase. )
Solutes with significantly diffe polling points
are easily separated .On gther hand , two
solutes with similar bail oints can be

separated only If t onary phase selectively
Interacts with C@ e solutes.

In general olar solutes are more easily

separ a nonpolar stationary phase, and
polar § ES are easier to separate using a
P gtationary phase

0
O
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Stationary Phases in GG\ «. ¢ ),

The main criteria for selection a statlonar
phase are that it should be:

Chemically inert @
Thermally stable %@

Low volatility ’

An appropriate polarltyf the solutes being

separated.
Hundreds of stat] a‘ -; phases have been
developed, ma@ hich are commercially
avallable

The o GLC separations are a
ed with perhaps five to ten common
% 'y phases.
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Selected Stationary Phases for Gas-Liquid Chromatography

Stationary Phase

Polarity

Temperature Limit
Trade Names (*C)

Applications

squalane
Apezion L

polydimethyl sloxane

50% methyl-50% phenyl
paolysiloxane

50% triflucropropyl-50%
methyl polysiloxane

50% cyanopropyl-50%
phenylmethyl polysiloxane

polyethylene glycol

nonpalar
nonpalar

slightly polar

moderately polar

moderately polar

polar

polar

squalane 150
Apezion L 200

5E-30 300-350

ov-17 375

ov-210 275

Ow-225 275

Carbowax 200 225

low-bailing aliphatic hydracarbons
amides

fatty acid methyl esters
high-boiling aliphatic hydrocarbons
terpencids

alkaloids

aming acid derivatives
drugs

pesticides

phenols

steroids

alkaloids

drugs

pesticides

polyaromatic hydrocarbons
polychlorinated biphenyls
alkaloids

amino acid derivatives
drugs

halogenated compounds
ketoneas

phencls

nitriles

pesticides

steroids

aldehydes

esters

ethers

phenocls

Prof - J . Al=Zehouri
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Chose of Stationary Pha@@ =
9

1. To separate high polarity substan

(acid, alcohol ... ) chose pols o\ like
OV225. &

2. To separate moderaterity
Substances ( ald ; Ketone ..) chose
moderated "6’ e OV-17

3. To separate \mon-polar substances (

aliph i&é&omatic .. ) chose non-polar
p@ e SE-30

07 @
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Wt
Stationary Phases in 3‘<'

General structures of common station
phases for gas chromatography ?

(a)

Many stationary phases h
phase of polydimethyl si
groups (-CH,), is sli
first choice for a ne

*The order o= tion"when using polydimethyl siloxane usually
followsthe\bgilirng point of the solutes, with lower boiling solutes

elutin s\g,

. ng some of the methyl groups with other subsituents
creases the polarity ,providing greater selectivity.
Prof .J .Al-Zehouri

%neral structure , A stationary
. in which all the —R groups are methyl
r (= nonpolar) and often makes a good

aration.




Stationary Phases in G

Increasing polarity Is provided by
substituting trifluoropropyl ( - C and
cyanopropyl ( -C;H;CN) f @& groups
or using a statlonary phas@ sed on
polyethylene glycol :

M,ﬂ

HO — CH, —— CHp —— (O —— CHy —— CH,),,—— OH

07 @
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Stationary Phases in G

An Important problem with all liquid statl @
phase Is their tendency to “bleed” fro

column. Therefore we must not op bove
the limits temperature for each phgse.

The thickness of the stationa@ase IS very
Important character. Sepa efficiency

improves with thinner filmgsFhinner films are
used when separat| (el

such as steroids

The most co @@I m thickness is 0.25 ym.
The most &% are S. phases containing
chlral al groups, which can be used for
enantlomers

e

Prof .J .Al-Zehouri



X

Stationary Phases in GC (

et

than the required column t .
* Polar phase have the fun@wal groups

CN, C=0, OH @

!
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« Gas Chromatographic assa @@@

The Chromatographic proce@ may be
carried out using a colnn{3 m X 4 mm)
packed with 3 %@& on chromosorp w

125-180 mesh@

Cetostearyl Alcohol

% @
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Phases
Gl to G48

Example :

G3 50% Phenyl-50% @ylpolysiloxane.

G7 50% 3-cya yI-50%
phenylmetwls@@ ne.

e
G9 M%I‘@%%ylpolysiloxane.
0
e@@@
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“ Column Temperature:

Column temperature is the most imp r
variable in GC, since it directly effei%
retention and the selectivity of ple

compounds. Therefore , the o m column

temperature must be fo Obtain a good
separations, the an re usually performed

In 1Isothermal mo ereby the temperature of

the column | ! onstant throughout the run.
In this ca

olumn temperature is generally
@the average boiling point of the

Prof .J .Al-Zehouri



However, problems arise for complex mi
that contain compounds with widely diff
nolling points. At too high temperature
volatile components will be eluted
are not fully separated, Wherea
components may be well sepé

* If the column is operated atow emperature all
volatile components ‘,@ separated

satisfactorily, howev 3S volatile compounds
will appear in the atogram as flat peaks

with a very | tion time , and thus the
total analysi IS extended. This problem
was ov [ y using the mode of
programming or programmed-
re (PTGC)

@@@
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Temperature programming

The column sits in an oven.

If the temperature is held constant during
the entire analysis it is isothermal.

If you vary the temperature during the
analysis, you typically use a
lemperature program.

Why bother?

Prof .J .Al-Zehouri



Optimization of the GC Column Parame @

S

s Temperature programming : @®y
In this method the temperature ‘

column is raised during analysi$;

technigue is usually perfo

following:
1- Initial isotherma |me

2- Column tem e mcreased at a
constant ra c sually 0.5-10C°/min.)

mal hold time

% @
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(c)

(b)
()

a - initial temperature and fime
b - ramp (°C/min)
¢ - final hold time and temperature

Some GCs will allow for @ more complex program.

I Prof .J .Al-Zehouri
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A

isothermal

programmed
femperaiure
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.VT

* The initial temperature should be law @@
enough to resolve the low-boili
compounds. whereas the fin

IS selected such the least & |
compound elutes as rapidly as possible
without exceeding Ximum operating

limits of the stat y phase.

* An Increasi Seline in the
chro m Is commonly observed due
u mn bleed

@@@

Prof .J .Al-Zehouri



Temperature programming

* With homologues, the retention time

increases exponentially with the number
of carbon.

* Ast, increases, width increases and the
height decreases, making detection
impossible after a few peaks have eluted.

* Since solubility of a gas in a liquid
decreases as temperature goes up, we
can reduce the retention of a material by
increasing T __p,qq-

Prof .J .Al-Zehouri



Temperature programming

Factors to consider:
Variations in solubility of solutes
. o AAIYL G-
Changes in voldiility of solutes sl il
-~ Gl cadisl-
Stability of solutes ol gl &l -

Flowrate changes
Stability of stationary phase

Must stay within T_. /T of column.
Other factors are found experimentally.

Prof .J .Al-Zehouri
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We need a way to measure our
eluents as they evolve from the
column.

Virtually every method of diredily

or indirecily observing eluents
as been looked at.

We'll cover some of the more
common types.

Prof .J .Al-Zehouri



"~ Detector for Gas Chromatogr: @@

 The detector iIn GC senses erences
In the composition of the { gases

from the column and cCQ
S separation pro :
sighal, which |

. Their are rﬁm

N G
o

v rts the column
Ato an electrical

etectors that can be used
@ach detector gives different
electivity.
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perties of a good detector =

High sensitivity - possible selectivity
Rapidly respond to concentration changes
Large linear range

Stable with respect to noise

Low sensitivity to variations in flow, pressure and
temperalure

Produces an easily handled signal

Prof .J.Al-Zehouri
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S“Wé SenS|t|V|t‘
b/

Tangent = opposite/adjacent = sensitivity

.\;& ,l 4

R,
nn Y o SR
Qn er R=Response
Q — Q=Quantity

Rn =Noise response
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Nesio”

No uniformity in the literature. We'll stick with some
standard definitions.

o AR  (change in response)
ity = —
S AQ (change in quantity)
Detection limit
Q, = 2R /S (mg/ml), conc. limited

-
Q @\) LOW Detection Limit 3N = «aall saY) aall
193

Low Quantitative Limit N 10 = 3_xall oY) aall |
Prof .J .Al-Zehouri



" Detectors for Gas Chromato a®>

Thermal Conductivity Dete D)
Flame lonization Detect*f

Electron-Capture D to (ECD)

Nitrogen/Phosp Detector (NPD)
Flame Photo Detector (FPD)
Photo |o on detector (PID)

O NOOA WD R

. Ele conductivity detector (ELCD)
@ Emission Detection (AED)

Prof .J .Al-Zehouri
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* The thermal conductivity de c@ hich
was one of the earliest de S for gas

chromatography, stlll f|
application. This d
electrically he

temperatureab nstant electric power

dependsaoﬁ)ﬁ'l/e thermal conductivity of the

Su I?I’;O%M

ng gas. (

@i’f

r|Iy used)

win detector are
Lol Sladl e adies cllall 4 ) jal) 4,50l
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detector = _r':"::,:":_.-r_:r.;-':__'..l:lv.ﬂ
:_1

block \ I: ¢ (R iz -‘:2_:-‘._1?

o Schemnatic diagram of 3 thermal conductivity
detector for gas chromatography.

e Ty o N R e
'.-_*I-_ T M L, T R T e T e

Wire filament

Schematic diagram of a thermal conductiity
@ ()" detector for gas chromatography.

NS
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7p)
(]
)
=
(D)
)
s}
=
Q

+

To Wheatst@ne bridge

Pure carrier

Hot ke

R
R

\

Wire filament

Sample in;.
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A universal GC detector in which the signal is
In the thermal conductivity of the mobile p

« As the mobile phase exits the column, it
tungsten —rhenlum or platinum or QI(S{\W ament The
filament s electrical resistance depends on its

temperature, which in turn .depend (Oﬁ the thermal
conduct|V|tv of the mobile pha

 When a solute elutes th @%al conductivity of the

mobile phase decreas\ the resistant of wire filament
Increases. ( A referg ceII ,through only MP pass is
present) @

. Becaus gh thermal conductivity, helium and
the mobile phase of choice when using a
r thermal conductivities are 10-15 times

@’ @than most organic compounds).
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The principle of the . ¥y
detection is using a Thermai COndUCI'IVII‘)' detector

Wheatstone bridge

DRSS
@Q o

N

carrier
Zero .
reference\ il RR—
A sample
power
supply —
-
detector recorder

block
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Thermal conductivity detector

Al 3 gm g L e glia Ll
3alal) 2 g g L
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e Generdl purpose( response for organic and inorganic)
* Nondestructive and simple
* Limit of detection 10%¢

® Permit collection of solute after detection.

The chief limitation of the thermal conductivity detector is its
relatively low sensitivity. Amidiall disalun g 4al35ul (e 3ay (51

Mode of detechion

Change in resistance of a wire based on
variations in the thermal conductivity of the
gas evolving from a column.

Prof .J .Al-Zehouri




2-Flame lonization Dete%@

3 (el (g paiall
/.LMJ/
gLl (G99 pad Ladic 4y J.L@.// LS salf
/ Glaiy CH (Sl ja e
& b il i 54l ga 9 A8

& b Ay Slig JAS.JY/ Jic

%@@Q . dalalf diaS
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Flame lonization Detecto

 The flam-ionization detector

@ the
most widely used and gen applicable
fom t

of all detectors for ga

* Most organic com

atography.
,n s when pyrolyzed
ce ionic intermediates

In a hot flame, @‘
that condu tr|C|ty through the flame.

Prof .J .Al-Zehouri



A nearly universal GC detector in whk
solutes are combusted in an /%g |
producing a measurable curr
The most commonly used/jn, Gt

FID consists of a hydr
collector electrode

The effluent fro column passes through the
flame, which es the organic molecules and
produces collector electrode attracts the
negat@ AS to the electrometer amplifier

Ir flame and a

pro an analog signal, which is connected
system.

Prof .J .Al-Zehouri



Flame ionization detector —

CH. +O — CHO* + e

©collector —| £ 3 igniter
air - » H,-air flame
burner jet
hydrogen

| End of column
Prof .J .Al-Zehouri




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

lons are produced
that can be measured.

Prof .J .Al-Zehouri
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"« FID is sensitive to all compounds which contal

C-H and considerably less sensitive to msen
certain functional groups of organic co
as alcohol,amine,carbonyl,and halog n

*FID destroy the sample (disadva

*The hydrogen flow usually ra s“between 20-30
ml/min.

*The airflow is abou 0 mI/mln for packet column.
*The ratio air h should about 10:1 . ( packet
column)

Prof .J .Al-Zehouri
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Flame ionization detectorw

Compounds with little or no FID response

noble gases ~ NH, Cs,
NO, CcO O,
H,O CO, N,
perhalogenated compounds

Prof .J .Al-Zehouri
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FID respons

Mi W&Q

Nesio”

LAY (e ) A1) LalS Balally asall &l H3 22 3 ) LS
(Aadll gl ) ) Aulaina¥)

Response is based on the number of carbon and ‘
if other elements like halogens or oxygen are
present which reduce combustion.

butane

formic acid
acetic acid
methane
ethane
propane

opionic acid

butanoic acid

JU JUU N

Sl s Prof .J .Al-Zehouri
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* Specific - sample must be combustible a3 als
¢ Destructive

* Limit of detection 10 ¢

A lamination of the FID is that it destroys the sample during the
combustion step.

Mode of detechion

Produchon of ions in a flame result in a current
that can be measured.

Flame ionization detector

Prof .J .Al-Zehouri




3-Electron- Capture Detector
(ECD)

Prof .J .Al-Zehouri



IS passed over a radioactive
nickle-63 .The electron from t

lons and a burst of ele
an analyte, a con ‘{wﬁ
a pair of electrodes\results from this ionization

\ J
process. Th ent decreases markedly ,
howev the presence of organic molecules

conts lectronegative functional groups that
t@ apture electrons.

01 8@
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Electron capture

B are emitted by

an N source.

Electrophores
will absorb f-,
reducing the
current.

This is the basis

for the response

Prof .J .Al-Zehouri



¥ Electron- Capture Detector (EC
* A detector for GC that provides selectivi
solutes with halogen and nitro functi oups.
The ECD consist of a beta emitté A eta
particle is an electron) such a i, he emitted
electrons ionize the mobile-pha

<
( U
»

solute Which I"cross section for the capture

of electro es from the column ,the electric
curre ases .This decrease In electric
cur % rves as the signal.

eas

Prof .J .Al-Zehouri
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Electron capture detector
Sensitivity of ECD increases in the order of :

F< Cl<Br<lI.
Provides excellent frace analysis of
halogenated compounds
nifro group compounds
eluents with conjugated double bonds

Most common use is environmental
analysis of organochlorine pesticides

Maijor problem - detector is radioactive.
Requires regular area testing and must

be licensed.

Prof .J .Al-Zehouri



* Specific - sample must contain a gas phase
eledrophore (halogens, peroxides and nitro groups)

* Non-desiructive

* Limit of detection 10-14g Very highly sensitive

The detector is insensitive to functional groups such as amines,
alcohols and hydrocarbons.

Mode of detection
Absorption of f particles by species
containing halogens, nitriles, nitrates,
conjugated double bonds, organometallics.

Prof .J .Al-Zehouri



4-Nitrogen/Phosphorous Detector &

N

(NPD) 3

s gall 5 g Y ”H@@W@
P
@ Jira FID 550 g4
(e 55207 D2 o Lipnn il

,4-";' b J8&T Gl g 1) {3l ]
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4-Nitrogen/Phosphorous Detect

(NPD)

The Detector is commonly used for analyz ticide
(p). It is selectively detects organop o\w 3 s
Detection limit 1010 g

It is similar in design with FID,

An electrically heated (up
positioned between th
Generally the bead ts of heated silica bead doped
with an alkali Rg ,_rubidium or cesium salt .N and
P containing molectles will collide with the hot bead and
under i€ surface reaction and produce ions, and

©) thermionic bead is
Ice and the collector.

the e attracted to collector electrode, amplified,

o t to the data SyStem. s sy s iy shn il (o) 16 porcas

@ Prof .J .Al-Zehouri



- Column

Nitrogen phosphorus detector
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collector

air —
active element
hydrogen = et
Active element is
a K or Rb salt.
column

Prof .J .Al-Zehouri



Nitrogen-phosphorous detector

* Specific - sample must contain nitrogen or
phosphorous - based on operdtional mode.

¢ Destruchve
* Limit of detection 10-10g

Mode of operdtion. Essentially a modified FID.
Active element acts to block undesired species

Prof .J .Al-Zehouri



(FPD)

SiS pal] g pa Lind ) g g g St Sl als
i Ao &%@M e Lyl
L cpdll) S Y HPO Jedidi ciuds
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5- Flame Photometric Detector
(FPD)
 FPD Is selective for S- and P nlng
molecules. %

» The effluent passed indo\al
temperature Hzlai}ﬁ&@]ﬁqwhich converted
phosphorus a ‘-‘s\ fur to emitting species
(color). H hd S, respectively.

o Sulf max at 394 nm.
orus has A max at 520 nm.

Prof .J .Al-Zehouri




Flame Photometric Detector

* Specific. Phosphorous or Sulfur
* Destructive
* Limit of detection 10%*9

Mode of operation. Directly measure light
produced during combustion of sulfur or
phosphorous containing species.

Prof .J .Al-Zehouri




W
Flame photometric detector ™

filter

/
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6-Photoionization detector 3¢
PID @@*
L gall il 5 paial @W

Cua uLJJAJ/UJLJUV
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Photoionization detector
PID

* Specific. Compounds ionized by UV
* Limit of detection 1019

Specific for Aromatic Compounds

Mode of operation. UV light is used to direcly

ionize sample components. The resulting
current is measured.

Prof .J .Al-Zehouri




Electrolytic conductivity detector
ELCD

iy Y1 A s e @@W@

‘U-UA 6 )l a-f Sl gl pals
Tls e LSl o4 Jﬁﬁya gela Y

wlﬁ:’@adu/ﬁmwﬁ
4o iU (A ekl g (gt g sl
Lruab)J.ﬁ.U//-w ol Cua

@ ks
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7- Electrolytic Conductivity Detector =

Solvaent in ~a

Transfer line

Corductivity cell

Reaction tube

Reaction Gas

Vent

( )
| = S/
o\ S
G

ELCD

Compounds are mixed with a reaction
gas and passed through a high
temperature reaction tube.

Specific reaction products are created
which mix with a solvent and pass
through an electrolytic conductivity cell.

Change in electrolytic conductivity of is
measured and a signal is generated.

Reaction tube temperature and solvent

determine what compounds are
detected.

Prof .J .Al-Zehouri



Electrolytic Conductivity Detector

ELCD - Hall detector

* Selectivity: Halogens, sulfur or nitrogen containing species.
Only one at a time.

* Sensitivity: 5-10 pg (halogens)
10-20 pg (S)
10-20 pg (N)
* Linear range: 10°-10° (halogens)
104-10° (N)
10° -104 (S)

* Reaction Temperature: 800-1000°C (halogens);
850-225°C (N); 750-825°C (S)

Prof .J .Al-Zehouri



Mi W«

Nesio”

Haloacid example.

Catalytically reduction relies on high temperature
hydrogen gas.

The mixture is passed through a heated nickel
reaction tube.

The reduced compounds flow into the electrolytic
conductivity cell via a Teflon® transfer line, where

they dissolve in a solvent (typically n-propanol).

As the n-propanol condudhivity changes, the
compounds are defected.

Prof .J .Al-Zehouri



‘%5 Chromatography Detectors

Type

Applicable Samples

Thermal conductivity

Flame ionization

Electron capture

Thermionic (Nitrogen-
phosphorus)

Electrolytic conductivity
(Hall)

Photoionization

Fourier transform IR (FTIR)
Mass spectrometer (MS)

Universal detector
Hydrocarbons
Halogenated compounds
Nitrogen and phosphorus
compounds
Compounds containing
halogens, sulfur,
Or nitrogen
Compounds ionized by
UV radiation
Organic compounds
Tunable for any species

Prof .J .Al-Zehouri
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* In solvent extraction, a plate is represented by each
equilibrium (extraction) we conduct.

* In a chromatographic column, we can’t see these
plates so they are theoretical.

* We can estimate the number of theoretical plates in
our column based on peak retention times and
widths.

* Both factors are important in determining if a
separation will work.

'
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N
\.\1

The number of plates can be determined from
the retention time and peak width.

injection

|
width

It doesn’t matter
what units are
used as long as
they are the same.
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" Mo ™Mo eV u#". e vy -

3 In this example, we have materials with the
~ same elution time but different numbers of




Example

of 16.40 and 17.63 min, respeci G
30.0 —-m column. The pea
base) for A and B are 1 Pf d1.21cm, A4°
respectively. Calcul

1- The average n®r@§g of plates in the
column,

2- The a@%&ht.

(A :%,O - 3445, 0.0087cm respectively)

oIS
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,Mizr

“\"44 L)"\’

Calculation of N

. |'|-L-:
1"||'=|'El(—
W)

~ U
16.40

: 17.63)2
= —— =4 N=16 _— =3397
N 16( 1.11) I (1.21

+ 3397
N, = e 2 T s =34 X 10

N
oS
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| N :»:f .2 !

~ Calculation of palate helg%@@&/

L 300 I
H_N 3445—87 107 em
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w»)ptimization of the GC Column Param

* The choice of the stationary phase“
particular application in packe ' ns Is

more complicated than in ¢ ot‘ ular
columns. p

* The important crlterl elect the GC
columns for the 4‘3’; Ation are the polarity
of the samp|e-GE ponents and the polarity

<

o
>
O
T
D
_l
=)
77
=
O
O
=
o
-
D
Q
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Small diameter open tubul

most excellent for se&ti g simple
mixture, on the o nd for , difficult

e need of longer column.
height the separation become

Prof .J .Al-Zehouri



Optimization of the GC Column Parame@
¥ 3- Carrier Gas Flow : @®

According to van Demeter equati

equation showing the effect §f obile

phase s flow rate on the of a
theoretical plate ) the t tical plate
numbers (N) of a ce @. rer on the flow
of the carrier g sed . |
curve cor@\ s to the maximum

efﬂueigci% e separation.
ok
@@ Prof .J .Al-Zehouri




H=A +—+Cu
8.00 - rl;
E .00 Jalall Sl de e
& 6.00 Optimum
= flow rate
a 500 - Totol
o e
E e _._._._,_.—-—'_
E 400 4 e
=
T 3.00 4
Cu.
200 +— — — —‘.._T —_— = e— — = e e e e e w e e -_-'"'E
1.00 - T nmeenTTTT -
0.00 - : \ : : , .
0 20 40 &0 a0 100 120

Flow rate (mL'min)

v

Piot of the height of a thecretical plate as a

. uisl e o function of mobile-phase velocity using the

) "’“ﬂ | f‘“’“\z‘ ‘,”, ) van Deemiter equation. The contributions 1o
4885 ) Juatl) (s Laks 3 jhua H theterms 4, Bl and Cuaboanshonn. o 1
S LAl de el daasn rof .J .Al-Zehouri



“efficiency.

*For each column ,the carrier gas velo '
practically optimized to find out the
the van Deemeter plot becomes IF

In the modern GC ,the carri ow during analysis
can be changed by gradus creasing the inlet

pressure. the advant f this flow programming are
the analyses ca ormed In a reduced
separation time at lower temperatures of the

column. In/?\ééémg the carrier gas flow rate decreases
the elut ;\W‘ne of the components and hence shortens

% SI
> Prof .J .Al-Zehouri
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| Why ? Derivatization in G @

1. To separate non-volatile

2. To Improve the separat| Iosed
Substances @

3. To separate tmal unstable
Substanc “

4. Tol fn e sensitivity.
|I|ng

@@@
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The most common method

derivatization @W
-Methylation add —CHj,

-Acylation add CO

- Silinization
- Trlfluoro nhydrlde (TFA)

%@
i
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Serivatisation of

pseudoephedrine with @W@

trifluoroacetic anhydride ?

(TFA). D
g
" OH H OCOCF,
Ay (LO0 . CH,
H — H
A NHCH, FFHEI
. COCF,
Fseudoephedrine
Psaudoapheadring
TFA derivative

01 ‘R)\J
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Derivatization improve the peak shape of pseudoephedrine

A\

L traces of an oxtrst A
from s decongevant ]
M UAS Lo bt bt
Al ) ey e e :
AR I UOrDace
L et LU )

i

i D sfromethorphan

2

PR OO e 2 W
' *
i e 1 I e
A O .0 00 man 120 8o 200
Passasoopradnrma wTEA
{1 2] ‘
5 L e S L T T ]
4
Trgeodutow
) ¢ \A— ‘—i — —— A i
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BSA CH,
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Qualitative and Quantitative

Analysis Q@
* As other chromatogr @
methods ,GC co used
for qualitative guantitative

analysisg> @®

01 ﬁ
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|dentification
What is component A?

| Comﬁpnent A elutes the same time as a caffeine peak.

Cc:-nj'pf:;nent A is identified as caffeine.

Prof .J .Al-Zehouri



If R, of two substances are relative

does not always means that t \
are identical, but If R,
e

are not identical if means 3
substances are not ide %k k-
peessary.

 Authentic standard ]

 Absence of strs u}-; eaks indicate the

purity. |

* For analysisof an unknown substance the
co% of GC with other spectroscopic

m such as MS and or FTIR are very
to Identify the unknown substance.

B 189
Prof .J .Al-Zehouri
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Quantitative AnaIyS|

1. Normalization me
@m

2. External Stan 0’
method.

3. Intern a/ @@ rdization
/7762‘/7

é}%am’ addition method.
@@ Prof .J .Al-Zehouri



1.Normalization metho@s@@/
* In this method, all the analy esent
In the sample must elute f“ e column.
he peak area Is pro p to the weight
of the analyte (s) passed through
the detector.

: %@@ &@ZA. x 100 J\j\)\

(A=Area)

@ 100 = 45 e aadll Clalie ¢ sana [ dadll dalise = (5 53all 38 il
Prof .J .Al-Zehouri



A sample consist of Benzene
2- methyl Hexane gave a chl

with 3 peaks have the f | g area 35,58
and 13 respectively ) m t IS the %

consist?

A (33 %, 54 §@@1@2 26%)

%= /\«Q X100 = 33% ( Benzene)
@%ﬁf 8+13)
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L \yﬂ
- 2.External Standardization m @@@

* This method Is the most ge thod
for determining the conce of an
analyte in asamples | dlves the

e

plot ( area or

height vs analy centration)
ot
h : O

01 x
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Determination

What is the concentration of component A?

1. Introduction

J_ ‘ \
Caffeine (1Tmg/mil)
lSul injection (5ug)

Peak area (or height) is proportional to the concentration
(or amount) of the component.

The concentration of component A(caffeine) is determined by
comparing the peak area with that of the standard caffeine

peak.
Prof .J .Al-Zehouri
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i External standard method

Requirements for proper use:

Standard solution containing all eluents to be
quantified.

Standard eluents should be of similar concentration
as unknowns.

The standard and sample matrix should be as similar
as possible

Analysis conditions must be identical - stable
instrument, same sample size ...
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You either assume that response is linear over

the entire concentration range or actually
measure it. Then:

Area, .

conc = con
unknown Arealmown fhown

This is assuming that the same injection
volume was used for both the unknown and
standard.
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- 3.Internal Standardization M tf@

« The principle of this method involves the n of

known guantity of the internal stand anal zed
sample (s) and to the reference st@ (S) ThIS IS to

compensate errors mostly by varia f the injected
amounts.

 The method is not applied.i sample Injection.

« The calibration plot is cted by using the ratio of
peak area or heigh dard (s) and internal standard

(s) against 003 n of standard (s)

AJA

<&O The concentration of the
analyte (s) can be
@ @Q determined by calibration

, curve (s).
g7 C
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Requirements for an internal standard.

© Must be present at a constant

conceniration in all samples and
standards.

® Must be stable and measurable

under the analysis conditions.

® Must not interfere with the analysis or
co-elute with sample components.

Prof .J .Al-Zehouri



If the concentration of the analyt
(linear) range of the calibratio
external and internal standard
cannot be applied. In thi
certain amount of the é e |n the
sample(splkmg) egressmn curve Is
constructed f k area (y-axis) against the
added conc |on of the analyte in the sample
(X-axis ' oncentration of the analyte can be
i

calculate rom the intercept of the regression
oS
Prof .J .Al-Zehouri
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Cut and weigh

With this approach, each peak is cut from the
recording paper and weighted. Weight is then
considered proportional to area.

— — Weigh

Prof .J .Al-Zehouri
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Planimeter

A device used to trace the peak. It produces a number
that is proportional to peak area.
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Main manual method.

Assumes that each peak approximates a friangle.
Area can be determined by

area = peak height x W,

/’..

rw'
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The larger the peak response gets, the more
rapidly the second pen sweeps back and
forth.

The total number of zigs and zags can then be
related to the peak area.

If the peak gets to large, the second pen stops
moving. You must keep the peak with in

range.

Prof .J .Al-Zehouri
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Computer systems

Include the same methods of peak detection
and integration as integrators.

Major advantage is that the entire
chromatographic run is stored prior fo
analysis. }‘W

This allows you to test out various ! ~
methods of integration on a

single run and fo reanalyze
data if a peak is missed.

Prof .J .Al-Zelouri
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o Peak height

In some cases, you can assume that peak height is
proportional to concentration.

Advantages
Simplicity noo4
Rapid calculations s
Disadvantages SR h
Height is more variable } \
than area —_—

Typically used only with capillary columns

Prof .J .Al-Zehouri
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‘Retention Time ty

o)

The time between injection an arance
of the peak maximum %@
N

N e

.
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A s ymmeltry Factor (Tailling Facz‘c@ @
describing the shape of a chrom c peak.
Theory assumes a Gaussian sha& A that

peaks are symmetrical.
The peak asymmetry facto ‘7»@ e ratio (at 5% of the
Wd&between the peak apex

peak height) of the dis
hromatographic curve to

and the back side of

the distance bet z‘he peak apex and the front
side of z‘h tographic curve. Avalue > 1 /s

atallingp Wh//e avalue <1is a fronting peak
(L eaa’
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Parameters used in HF’L

Peak symmetry

S . Symmetry factor ( T : Tailing factor )

-

h x 0.05 l
|
o 1 T
l—— Woos —

\Wo o5 S =1: The peak is completely symmetric.
S=—/ S >1: Tailing
2 5<1:Leading
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../../My Documents/shoulderpeaks.swf
../../My Documents/shoulderpeaks.swf

'>
T 1l i
el

2esolution Rs

@
W
A measure of how comp/e

neighboring peaks ar ated from each

other. Also it is sho ab///z‘y of a column
to separate chm@é&raph/c peaks
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Parameters used in HPLC

Degree of separation

— {R1 4“
Resolution: Rs=2X tRa- trs

Wi+ W2

~ - - <
Wi W2 Prof .J .Al-Zeho


../../My Documents/baselineresolution.swf
../../My Documents/baselineresolution.swf

(RRT) W@
Divide the retention time of k of
Interest by the retention ti pfthe

main peak .

RRT < 1 the peak @lﬁ@@efom the main

peak.
RRt >1 the é%@ elute after the main peak

Prof .J .Al-Zehouri



Potassium clavulanate (USP)

-\

Chromatograshic system (see Chromatograohy {g21? J— The liguid chromatograph is equipped with a
220-nm detector and a 4-mm = 30-cm column that contains - to 10-pm packing L1, The flow rate is about
2 mbL per minute. Chromatograph the Sfandard pregaration, and record the peak responses as directed for
Frocedure: the column efficiency determined from the analyte pealk is not less than 250 theoretical plates;
the tailing factor for the analyte peak is not more than 1.5; and the relative standard deviation for replicate
injections is not maore than 2.0%. Chromatograph the Resolfion soiufion, and record the peak responses
as directed for Froceduwre; the relative retention times are about 0.5 for clavulanic acid and 1.0 for
amoxicilling and the resolution, =, between the amoxicillin and clavulanic acid peaks is not less than 3.4,

357
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Pharmaceutical examp 5

Hyoscyamine Sulphate 4) @
0
A H,SO4 , 2H,0
> , ; 2

, 0 294

" H

\ H

_ OH 2
(C17H2 Qg))gmﬁsozt,szo 713
683 @
% and use

Anticholinergic.

01 4@
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Pharmaceutical examp{ek@@“

Hyosyamine sulfate tablet 1
According to USP 25 the as depended

on GC. If the average t 200mg, the
sample weight 10 he standard
concentratlon %0 and A.=0.622 ,

A . =0. 501

1- Whlae practlcal tablet contain?
2- W & S the % content?

01 x
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Pharmaceutical example

/-A nalysis of methy/ tesz‘osz‘er

in Tablets. @@

llI-Analysis of Atrop e ye adrops
using BSA to m ﬁé/&r groups

(BP1993)

CH
1
T ] it f |
methylbihdation of . | e Y—COOCHOHOH —s N-CH CODCHEH,05i—CH
stropne. | 3 | . L 2 1 £ 1 4
. B5A s Y
Alroping

v U\)
\Sﬂ Prof .J .Al-Zehouri



V-Ouantification of ethanol in a formul

_ Py
GC provides a useful method @ i' tifying

very voltile materials. % 4

Ethanol is used in the p @9 tion of
tinctures and In disi@@@ t solutions.
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Pharmaceutical example

V Determination of degradation (GC provide
technique for estimating voltile degradati

which release from the hydr

dipivefrine).
HsC CHj

O
H3C
OU</ Cl
O

H2C

< 3 %‘\O
Action and use@ H3C CHsj and enantiomer
Sympatho %@

SOigs
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../Article-002.pdf
../Article-002.pdf

®V|-Determination of dlmethylanlh
In bupivacaine injection W@

@ p and enantiomer , HCI , Hy0
y

C

@ n and use

Local anaesthetic

Q cHa
@i@@ "
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FID response (mv)

Dimethylaniline
Wi

Bupivacaine

15

AL O

GC analysis of impurity
residues in bupivacaine
extracted from an
injection. RTX-1 column
15 m x 0.25 mm i.d. x
0.25 pm film.
Programmed 70°C (3 min)
then 20°TUmin to 320°C
(5 min).
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) ’Appllcatlon of GC in bloan @@

Analysis of drug inbiological fl |
tissues by GC is quite comn@gﬁ though
GC-MS.

Example : determln anti -epileptic
drug valpr0|c aC| asma by GC using

FID .

01 2@
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blank

acid \

Caprylic acid

(A) The GC trace of an
extract of blank plasma
obtained from a patient.
(B) The GC trace of an
extract of plasma
obtained from the same
patient after treatment
with valproic acid (peak 1)
to which caprylic acid
(peak 2) has been added
as an internal standard.
Al-Zehouri,|

Martine Luther
University ,Germany

1988
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1.1

(LN A
TYPE  ARMHT  AREA%

RT AREA

1.1 KEREX
227 MERX

WY

K HE BRI
X ¥ 44117

. What is the retention time of compound A7 Compound B?
. Which compound is present in a larger amount”

. Which compound has the lower boiling point?

. What would happen to the retention times of compounds A and B f the column temperature were raised?

\§ 7
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H v H

)
7 O e
hyrdrozoysroe thrl- roe thorlc welohe =ane 2-hordroznroe theyrl- e thyl acetate
oy loherm nal AV 25 cyc lohermnol | 4% L T
kAW 114 bp 101 kAW 144 bp 57
bp 155 mp - 127 bp 270 mp -25
mp -45 A 0.7F mp (ot sivern) d 025
d o025 d 0.25

In GC, on a non-polar column, they are like y arate by boiling point. Thus the first
off (and lowest RT) would be methyl acg % n methylcyclohexane, then 2-
hydroxymethylcyclohexanol and fing ‘(\\% 6xymethyl cyclohexanol. The strong polarity
of methyl acetate might cause i o@ & slower than the methyl cyclohexane, so
standards would need to b @
On TLC, the most polar co d would move the slowest (and have the lowest R; ),

' @ . The most polar is methyl acetate, then 2-hydroxymethyl
Xymethylcyclohexanol, and finally methylcyclohexane.

Prof .J .Al-Zehouri



Hyphenated Methods A4

The combination of a chromatographic
and spectral method.

Exploits advantages of each
Prof .J .Al-Zehouri
Chromatograph - produces ‘pure’

fractions from your sample.

Speciral method - yields qudlitative

information about a 'pure’ component.

Prof .J .Al-Zehouri



Gas Chromatography
Mass Spectrometry - GC-MS
Infrared Spectrometry - GC-FTIR
Atomic Emission - GC-AES

Liquid Chromatography
Mass Spectrometry

For LC, the other two methods are not
practical due to the solvent.

Prof .J .Al-Zehouri



_ﬁ Vama

J Fused silica lon
/ = source  Analyzer  Electron

region  region  multiplier

ARL

Carrier gas
inlet

a E{' Calumn | r———— |
(Gas chromatograph oven | | \ I
| \

Transfer  Focusing
line lenses

Schematic of a typical capillary gas chromatography/mass spectro-

meter. Prof. J .Al-Zehouri
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Tao
WEC LT
Pump

-

Sample — — — i
ITIET =— — —

Ca

Schematic of a jet separator.
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& Total Ton Chromatograms
and
Mass Spectra

Each GC/MS run generates a
chromatogram ( versus time or
scan number) like other GC
chromatography but also a mass
spectrum for each scan--often
literally hundreds of mass spectra in
a normal run. The chromatographic
signal via the MS scanning start when

¢ the ionization source is turned on.
1 Prof .J .Al-Zehouri



@ Total Ion Chromatograms
and
Mass Spectra

Scan 12 Scan 22 a mass spectrum
'EH!! T 11 '§|||!|||||||||||||H|
10 15 20 10 15 20 25 30
m/z m/z
— i
::‘"

——
Time or Scan #
o of - uri



Total Ion Chromatograms
and
Mass Spectra

To reiterate: GC/MS
chromatography yields a familar
chromatogram and the success of
separation —the first job of a
chromatographer —can be
confirmed. But there is another
dimension of data: each MS scan
can be examined individually using
ﬁ , the MS software.

O
JAl-Zehouri




Total Ion Chromatogram ¢

S0 exactly how is the chromatogram
generated in GC/MS?

N

Prof .J .Al-Zehouri



The answer involves a method of

generating a signal that varies, like
an FID or ECD detector, with the
amount of analyte eluting from the

GC column.
\?4\) Prof .J .Al-Zehouri
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Total Ion Chromatogramw

Each MS scan involves a tabulated
list of the mass detector's signal for
each m/z fragment. All of these
intensities of each scan are added
together and they yield...

Prof .J .Al-Zehouri



the total ion current (T1C), a
detector signal that varies over
time, the typical components of a
chromatographic plot: signal
versus time. (Note that the total

ion chromatogram is also often
abbreviates as TIC.)

O
Prof .J .Al-Zehouri



'%%Total Ion Chromatogram <= |

Resume \ S

m/z| Intensity
3 gg gggg The ratios of these
E 78 10050 are constant for a
'i 77 | 4856 given ionization
S 26 | 2993 process (EI, CI, etc.) -‘
= 25| 1534 and, most
= ii };ig important, for a
2 13| 1195 given compound.
2 12 | 0805 ch

30089 e Total ion current (TIC)

for a particular scan
(a single datum)

Zehourl



@rtal lon Chromatogram

Normahized

Data from one MS scan

m/z Intensity Abundance

30 | 3005 29.9% Most mass spectra

29 | 2385 23.7% are normalized

28 | 10050 100.0% Ay peaks are ‘

27 | 4856 43.3% Latioed to the base Vs &
26 | 2993 29.8% peak, the most @
25 | 1534 15.3% jntense peak, and  viast
15 | 1723 17.1%  expressed as a <
14 | 1543 15.4% ¢, of the base |
13 | 1195 11.9% hoak. <
12 0805 8-0 ?ﬂ Chromati

30089 <

/A

Total ion current (TIC)  Mass:

for a particular scan

(a single datumi).J Al-zehoufh
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