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A gazscons mobile phase flows under pressore throveh a beated whe eiiher conted with g
licurd stauomary phase or packed with ligeid stationary phase costed snto o solid support,
The analyte is Toaded vnio the head of die culumn via 2 heated injection et where it
evapatates. T then condenses at e head of the colunu, which 15 at 8 lower lemperatare,
The oven temperature is then either held constan v programmed to rise rradually, Once
an Lthe coliemn separatiom of a mixture veours seeording 1o the relatve lengths of Hine
spent by its components in the stalionary phase, Mositoring of the colemn efluent can he

The characterisation of some unformelaed drsgs, particnlarly with regard o deleciion

* Litnit tests for selvent eesidues and other volutile imparitics in drug substances,
* Somctimes wsed for quantiticarion of draps in formuolations, purlicularly if the Jrug
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»  Characterisation of some raw matkerials vsed in svnthesis of drog molecoles.

v Charscterssition of volaile vils Cwhich may be vsed as cxcipicnts in formukations
proprigtary coupl mixlures and tonics, and fary acids in fxed ols.

o Measorement of drogs amd their metabolites in aological thiids,

Strengths

« Capablz of the seme guantitanve acouracy and precision ax high-pressore Ligoid
chramatopraphy (HELC ), particularhe when naed in conjonesion with an intemiat
standard
1Tae much greaner separating power than HPLE when wsed with capillory columns,

+  Rewdilv awtomated.

+ Cun be used o determies cempounds wlich lock choomophores,

« The mobite phase does nob vare and does st require disposal and, even if heliom s
waed as o carrier gas, % cheap comparcd o the orpamce selvents wsed m HPLC.

Limitativns

+ Unly thermally steble and vidalile corrpounds can be analysed.

+  The sample may reguine derrvatization to comvert it w o voloile Goem, thus inreduciog
ail exli slep in onalysis and, posentially, interforants.

v Cluanbiiative sarnple itod uction is mave difficult hecause of the small volames of
sample injected

»Auueens solutiens and salts cannor be injecred into the inserument.

Introduction

Thi use ol pas chromatography $007) as 2 quanticative technique in the analysis of
drugs bas deelined in importanee since the adveat of HPLC and the increasing
sophistication of this weehnigue, However, 71 does sill have arole in certain oypes.of
quanitative analysis and hus brogd applicaion in gualitative analvsis. Since HPLC
currently dominates quaninalive amaiyses in the pharmaceatical industry, the stengths
of G may be overlooked, Capillary GO is capable of performing much merc cfficicnt
separations than HPL.C albeir with the limitation that the compounds being analysed
must be volatile or mest be renderad volatile by Formation of a suitable derivative!
and must also be thermally stable, GO 35 widely used o environmenat sclence,
brewing, the food indusiry, perflumery and Tavonrings analysis, the pecrochemical
industry, mmicrobiological anadyses aiul clinical Biochemistry. Althowgh packed column
GO 1s sl used in the pharroacentical industey, this chapter will concentrate tooa large
cxtent on open wholar capillary G which is the more modern manifescation of GO

Instrumentation
Figure | 1] shows a schematic diagrum of o GO systen. The principles of the svstem
ure that:

1y Injection of fhe sample inay be made manually or using an aatosampler
thromgh a resealable rubber seprwm.

tity  The sample 15 cvaporated in the heated injection porl aren and condenses on
the head of the colummn,

(itiy  The column may cither be g capillary or a packed column, which will be
discussed in more detail later, The molhle phase used o carey the sample
through the cobimn is g gas — usually nitrogen or heliunm.

(vl The eolume is enclosed in an oven which may bo sct ab any lemperature
between ambicot and co 400°C,

tvy  The most comamonly used delector is the flame ionisation detector {FID).
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Syringes

The volumes injected m G are routinely in the range of 0052 al. The most
commonky used type of syringe is shown in Figure 11.2; the usual syringe volumes
are 5 and 10l A recommended technique for injection into a capillary G0 is oo fill
the syninge with about 0.5 gl of solvent and dravw this solvent inte the barrel slightly
betore filling with sarmple. The sample s also draswn into The harre] o leave anair
gap below it The syringe neecle can then be introduced info the injector and el Tor
a couple of secrmds o warm up Belore the plunger is depressed, The syringe is then
withdrawn inmmediately rom the injection por.

Fig. 11.2
0wl sample in barre
syringe.

I."ISE"'"'F“E Flusring
rlll.' salvent

=

|

Mir Air

Injection systems

Packed column injections

Injection genarally ovceurs throigh g resealable rubber septum, The imjeclor porl is
held at 130-250" depending on tha volatilitg of he sample and direet injection of
(A=180l of sample is made cnrecohe head of the column, The amount ol camply
igected onte o pagkad column is oo 1-2 g per componenl. lnjection mbe packed
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M Fig. 11.3
Injection nte the head
of a packed column,

Injection madse into & plug of
silanized glass wool

Packing matenal

Giaws Mo

columns presents less of @ problem than sample introduction into a capillary column
since all of the sample is introdueed into the packed columan (Fig. 11.3). Thus, although
packed colummns do not produce high reselation chromatography, this is their strength.

Splitisplitfess injection

This vpe of injeclor is used in conjuction with capillary enlomn GC. Capillary
columns commonly have internal diameters beteen 0.2 and (13 mm and lengths
between 12 and 50 m. Injection takes place info a heated glass or quartz liner rather
than directly onto the column,

Tn the split mode, the sample is sphit ioto iwo unequal portions the smaller of
which roes onte the column_ Sphit ratios range between 10:1 and 100: 1, with the
larger portion being vented in the higher Mow outof the split vent. This technigue 1s
used with concentrated sumples. In the splithess mode, all of the sample is introduced
onto the colummn gnd the injeclor putee valve remains closed for (L5-1 min atter
injoction. The diflicully faced with splivsplitless injection onto a capillary column 1s
in obtaining yood mjeetion precision.” Atention has oo be paid o certain points:

(i} Since Injection s made at high temperatures into an injection port, a back of
precision resulting from decomposition of some of the components ina
mixture betore they reach the column has 1w be considered. Thus it is
important to ensure thal the sample has minimal contact with metal surfaces
during the injection process since these can catalyse decomposilion,

(i) If @ split injection is used, vare bas w be taken thal there is no discrimination
between more and less volatile components in a mixture in terms of the
proportion lost through the split vent.

(iiiy If a splitless injection 15 made, volumes have (o be kepe below ca 2 pl in case
the sample backilushes (brough rapid expansion of the solvent in which it is
dissolved, into either the gas supply lines or the purge lines. Each | pl of
solvent cxpands greatly upon vapourisation, e.g methanol ca 0066 miliul or
ethy] acetate co .23 midul at acmospheric pressure.

(v} Even if an internal standard (p. 2590 is nsed 10 compensate {ur lesses, (he
possibility of it being discriminated rundomly agains: either through differences
in volatilily or decomposition compared to the sample has to be considered.
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(v} Inothe splitless mode the sample must be efficienly trapped al the head of the
colummn, For this woceur, it must be sufficiently imvolatile, e have s boiling
perint = ca 307C higher than the column starting temperature. I the sample is
refativedy volatile it has to be injected o the GO inoa low volatility solvent
which will vondense at the head of the column, trapping the sample in the
proecess.

{¥il  Sample wansfer may be slow and it is important g0 wake this inte aecount when
selling purges valve times, c.g. for a gypical | mlfmin flow of helivim theough a
capillary column, aboul 115 min would be required to transfer a 2 ul injection
volume of cthyl acerate onto the colamn,

ivii) Injection precision is greatly improved by the use of an autosampler 1o carey
out Imjection since it can achieve mach betier precision in meassuring volumes
of ¢ | pl than a human operator.

Cool on-cafumn injection

[Pirect on-velumn injection inte the capillany column may be carried ol in @ meanner
aralogeous L ingevtion inlo d packed column. This echaigue requires a syringe with
a very [ing fused siliva needle, The technique bas the advancages of: (1) reduce
disurimanation between components in mixtures; {23 no sample degradation inoa hot
injestor; dnd () no backflash, hence quantitative sample lransler, Tt also hus the
follewing disadvantages: (1) samples have to be clean otherwise residues will be
deposited on the column; (2) the injector is mechanically morve comnplex and regoire:
e maEnlensnee than 4 septum imjection systen; and (3} the syringe neadle may
dbamage the head of the column.

GC oven

GO ovens incorporate o fan which ensures uniform heat distribution theoughout the
oven. They can be progrummed 1o cither produce a censtant temperaruce, isothermal
comditions or o gradual Increase in emperamree, Oven programming rales can mngs
[rom 1 *Cmin lo 407 Cimin. Complex temperature programimes can be prosdoce)
igvedving o mumber of lemperature tamps interspersed with perods of isothermal
conditagms, e, 60°C (1 man ) 5°Crmin to 100PC (5 min T0"Cimin o 20000

3 minh. The advantages of (empersiure programmes are that materials of widely
differing volatilifies can be separated in a reasonable time and also injection of the
saniple cun be corried cul al Jow temperature where icwill be rapped al the head of
the column and (hen the tempersture can be raised until it elures.

Types of column

Packed columns

The columns are usually made [Tom glass which is silanized to remove polar silanol
Si—0H groups from its suriace that can contribule Lo the poak tailing of the peaks of
polar analytes. These columns have internal diamelers of 2-5 mm. The columns are
packed with particles of a solid suppor which are coated with the ligquid stationary
phasc, The most commonly used support is diatomacenus canb {mainly calcium
silicate). This material is wsually acid washed |0 remoye mineral impurities and then
silanized as shown in Figure 11.4 4o reinove the polar $i-OH groups on the surface
of the support, which can lead w ailing of the analy e peake.

FAR
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g Gy Q CH, _ Fig. 11.4
| i | | . Silanization of free
Si=—0H + If]l—?i—lil--»ﬁl —_— %—a—-@-— lai‘“GHs silanal groups.
a] EH;

CH,

The support cun then be mechanically caated with a varety of liguid stationary
phases. The mobile phase maost commanly wsed in packed column GC 15 witrogen
with o flow rate ol e 20 mfmine Packed column GO affords 2 relatively low degree
ol mesolution compared to capillary GO tepcally 20006000 plates fora 2 m
columm gompared foo= PN plates fora 25 mocapillary columin. The high
temperature limil of packed colurans s oo 280°C: beyond this emperature the Tiguid
stationary phase evaporales at # rale which creates a large background signal.
Howeever, for many rowling guality control Gperations, they ane quite adequate.

Capilfary cofumns

Cupillary columns gre made from fused silica, usually coated on the outside wilh
palyamide w give the column flexibility. Coating on the cutside with aluminiuvm has
also been vsed for high lemperalure (= 40000 ok, The internal diameter of the
columns ranges between 0,15 and (1.5 mm. The wall of the column 15 coated with the
Ligquid stionary phase, which inay have a thickness between 0.1 and 5 gmi. The most
commean vpe of coaling is based on oroano silicone polvmers. which are chemically
bonded to the silane] zroups on the wall of the column and the chains of the polymers
are further eross-linked, These tvpes of phases have more or less replaced the wall-
coatad open tubulur (WCOT) and support-coated open wubular {5C0OT) columns,
which ure reported in earlier ligeranire, Tor nuost routine applications. SCCFL columns
are sometimes encownlered in very high temperature work. The wull-bonded phiases
are stuble 1ol least 3237C and some types of coating will withstand temperatures of
370°C, The non-silicome based polyners, eg. carbowax, cannot be bonded onto the
witll of the column in the same way and columns with these coatings are less
temperilure sluble. For instance, the temperature limit for a carbowax capllary
column s eo 240700 The most commonly used carrier gas m capillary GC is heliom
arid the N vates wsed are between 025 and 2 mbmin. Since the flew rate from the
end of the capillary column is ow compared to the imternal space of some deleclors.,
‘make up” gas ollern has 10 be added to the gas flow post colwmi in order o sweep
the sumple thronizh the internal volume of the detector at 5 reasonable rate. Tvpically
ca 100 ng per component is Ioaded onte a capiflary column.

Selectivity of liquid stationary phases
Kovats indices and column polarity

Kovats indices (Fvalues) are based on the retention time of an analvie compared to
retention times of the series of m-alkanes, For a particolar GC phase. fvalves are
vory reproducible romm ane column o from one GOt another. However. they are
slightly allected by GO programming conditions. 7= Alkanes have most affinicy for
nun-polar phases and tend to elute more quickly from polar phases. In contrast, o
polar analyte will elute more slowly from a polar phase and thus relative to the
f-alkames, its retention time and thus its Svalue will increase as the polarity of the
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Fig. 11.5
The structures of some
ramponents in
peppormint ail,

GO phase increuses. A measure of the polarity of u stationary phase is given by its
MeReyvneld’s constanc (Table 11,13, which is based on the retention times of
benzenc, n-bylanol, pentan-2-one, nitopropane and pyridine on a particular phase.
The figher the MeRevoold's constant the more polar the phase. Many stationary
phases are deseribed by an OVenumber. The higher the number after the OV the
more polar e phese,

Tabbe 11.1 M:Reynelds constants

Fhase Chemical type McReynold's constant
Soualane Hydrocarbon 1]
Silicone OA-1 Methylsilicome 222
Silicone SE-54 2% methyl, 3% phenyl, 1% viny! 337
Sificone =17 50% methyl, 50% phenyl EEE
Silicone OW-225 50% methyl, 25% cvanaprapyl, 25% phenyl 1813
Carbowax Polyethylene glycol 2318

f-values provide o wseful method for characterising ynknown compounds and
tihles of Fvalues have been compiled for a large sumber of compounds.* Under
leinperature programming conditions, where the GO temnperalure tises at & unitorm
rile, e 10°Cimnin, a plor of the carbon sumbers of p-alkancs (where 1 carbon = 1000
aguinsl their retention times is a steaight ling, Under isothermal conditions, where the
wolumm 15 maintained at the same temperalure throughout the analysis. a plot of
carbon nwmber ggamst the logarithm of the retention times of the n-alkanes isa
styaight line. Such calibration curves can be wsed (o convert the retention time of a
compiund into an fvalue.

Examples of the separation of mixtures by GC

Aralysis of peppermint oif an two GC phases

Figure 11.5 shows the structures of some of the major components in pepperming ofl.
The use o the releniion mdex system is illvstrated in Figures 16 and 11,7 for
pepperminl o] tun in comparison with s-alkane sundards on both g weakly polar
EV-S-rvpe column and a polar carbowax column,

Figure L6 indicales approximate £values bor some of The components in
pepprermint oil anoa BPX-5 colomn; this column selects mainly on the basis of
meodecular weight and shape. For example f-pinene has the same molecular weight
as [imanene bul has o mors compact shape and thus o lower Svaloe. Menthyl acctate
has @ higher Syvaloe thun menthol becanse of is higher inolecular weizht.

A carbowny column s highly selective for polar connpoands, As cun be seenn
Figure 11.7 the groap of polar compounds incloding menthol and menthong is

o @““ (])“ OCOCH,
I i ) 3
s

T _,.-"I"\_

A-pinens Limaonegne  Menltwnes IMenthct Manthyl acetate
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resolveal more extensively on o carhowax column with the alechol menthol and »
number of other minor alechols cluling at daround 12 mitn, le addition, the less polar
ketone menthone and a numnber of minor ketones elote at around 10 min, Menthyl
acetate, which on the non-polar BPX-5 column ran later than menthol; mns earlier
than menthol on the carbowax column becanse its polar aleohol group is masked by
the acetate and it thus has a lower polarity than menthal,

t=1192
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Fig. 11.6

(&) Pepperming oil
anahysed oo oa BRX-S
column (12 o« 0.5 mm
L, » 0,25 yem Tilm},
Prograrmmed S0°C

(1 min}, then 5°Cimin o
TO°C, then 10"Chrin ta
F00°C, (B) ralkanes
A6 chromategraphed
undder The same
conditions.
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Fig. 11.7
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Analysis of the fatty acid composition of a fixed oil by GC

& very polar phase such as carbowax is generally only used for samples requiring a
hagh depres of paolar discrinunation tor adequate separation or retention. An cxample
of this is in the analysis of fatty acids with ditfering degrees of unsaluration, On g
non-polar column such as BPX-5, a seoos of C-18 aclds such us steanie, oleic, linoleg
and linolenic acids, which contain respectively (k 1, 2 and 3 double bonds, overlaps
extensively, Howsver, on polar columns such as carbowax they arc scparated.

The BP nonographs for many of the figed oils contain a GC analysis te confimm
the comtent of the tatoy acids composing the trighveordes (Tatly acid triesters of
alvecerol) present in the ol The monograph for almend ol stales the comnposition of
the fatty acids making up the tnglyveeride should be:

= palmitic acad (16:0) 4.0--90%

= palmitoleic acid [16:1) =< 0.6%
»  marganc sl (17000 < 00.25%

*  stearic acid {18:(0 092 0%

v pleic acid (EB: 1) 62.0-86.04%

¢ Tineleic acid (1820 (70300
o linolenic acid (L8:3) < 0.2%

»  grachidic gead (2000 = 00 %

i Pehemic acid (22:07 < U0 %

The first numbser 0 beackers, e.p. B, refers (o the number of carbon atoms in the
Calty acid and the second ninnber, o, (1 refers 1o the nember of double bonds inthe
tutty acid. The percentage uf each comgionent is determined in relation to the sum of
the arcas of the chromatopraphic peaks of all the components listed ahove.

In wrder to determine the farty acid composition of the viglycerides; they have o
e first bvdralysed snd the liberied Fady acids eonverted to their methyl esters, which
have g good chromatographic peak shape compared to the free acids. A convenient
method Tor ackieving hydrolysis and methyiation in one step i shown in Figore 118,

A G e of methanolvsed alinond oil is shown i Figare 11.9. 1t can be seen
(hat lhe melhyl esters stearie, ofeic and linoleic acid are incompletely resslved ona
BPX-5 colummn, The esters of the minor C-200 and €-22 acids are also incompletely
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Fig. 11.5 Shaks with 20
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scparated. When a carbowas column is used, complece separation of oleic {18:1),
linoleic ( LB:2%, stesric goid (1EA aml o small gmodnt of lnolenic acid (18:3% in the
symiple iy achieved.

The chromarogram oMained on the carbowax column gave the pereeniage of areas
of the pedks in this particular sample of almond oil a5 follows: Tec0 (7.05:), 16:1
(LA, 1700 2 ), V80 01 5%, L8] (62 8% ), [8:2 (2845, 183 (L1165}, 20:0
(CLOMSE Y, 2200 (0.09% ), Thus the almond oil 15 within the BP specilication given
above (Fig. 11.8H8).

Chiraf selectivity
An advanced type of colomn selectivily 1s chiral diserimination, Since enantiomers
have identical physical properties they sre not separable on conventional G0
columns. However, if chiral analytes ure allowed e interact with o chiral
envitomment they will form transitory diastercomeric complexes which resull 1o their
heing retained by the column to s different extenl. As increasing nwmbers of
efiantiomerically pure drugs are syathesised in order (o reduice side-eifects, this 1ype
of separation will become inercasingly important,

Chirasil Val was one of the first chiral GC phases: 11 has one chiral centeg a5 can
he seen in s steecture as shown i Figure 11,10

Methylsilicone Fig. 11.10
pesymar backbona The structure af Chirasil
| HE, /DH! Val.
0 H CH,

GHy— Si——{TH,——CONHCH,.CO.NH— C—CH,

Q Crilra Hy
| sida chain

A number of variations on this type of costing bave been prepared and offer
some improvement over the onginal phase, Figere 1111 shosws the volatile
pentafluoropropionamide-trifluoroethy] esier (PEFP-TFE} derivatives of Land £
phenylalanine. Figure 11,12 shows the separation of PEP=TFE derivatives of the £
anel I enantiomers of the amino aeids phenylalanine and g-tvrosine on o Chirasil Val
column, the INKy-enantiomers clute first, Chirasil Val generally performos best for the
separation of enantiomers of amino acids, for many other compounds itis not as
effective,

COOCH,CE,  GFCH,C00C
: 1
C c
“ :
cn | TNHCOGF,  cLpcoNH" | YeH
o PR 2l A z
| -

PFE-TFE dervative af L phanylalanine PFP-TFE derivallve of D phenyialanine

Flg, 11.11

L o
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Fig. 11.12 . L pheryialanine
Separation of the & phimydaleiing
FFP-TFE derivatives of
the [ and L isemers of
pherylalanine and o~
Etg.rrculsir-e uzn a Chirasi| E Driyrosine |
ai cerlum 25 moe |
1| L e
§.25 mm id. » 0.16 ym g 1 ket
film: Programmed 120° g |
{1 min} ther 3%min to = 1l
120°, £ mli
_ 10| —
r
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il 4 12

Mare recenily alkylated cyclodextring have been developed as chiral phases.
These phases are based on cvclodextrins, which are ¢yelic structures formed from 6,
Tor 8 glucose units. Alkylation of the hydroay] groups in the structore of the
cvelodextring lowers their melting points and makes them suitable as GC phases. The
eyclodexinns contain many chiral centres and sepurate cnantiomers of drugs according
Ler buviar wield they it into the chiral cavities of the cyclodexun units (see Ch, 12 p. 2730

An allerpalive to buying expensive chiral columns m order t separate
ettanlicaners is to usc a chiral derivatisation agent, These reagents can be based on
niteral products which usually oocur in enantiomerically pure form. Chirai
derivatising agents can often produce betler separations than chiral columns, bug il
reaciion condilions are too steong, there is o risk of small amounts of racemisation
occurring in the analyle, i.e. chemical conversion of an enantiomer inlo its opposite.
Reaction of an enantiomeric mixture with a chiral derivatising agent produces s pair
of diasterecisomers which are separable by GC on non-chiral columns, &2, the esters
of menthol with {+) chrysanthemic acid.?

It can be seenin Figure [1.03 that, although the menthol portions ol the esters are
mirror images, addition of (he chiral acyladog reapent penerates esters which are not
mirror images but are diastereoisomers and thus have different physical propertics,

' |
Fig. 11,13 j
(+) chrysanthemyl esters

of menthol

Use of derivatisation in GC

Derivalisation has been mentioned above without fully mdicating why it is necessary
for conducting GC analysis. Derivarisation is generally required prior 1o GO it g
vompound is highly polar so that good chromutographic peak shape can be achieved,
A large number of derivatisation simiegivs ure available = In the following example,
derivatisation is used to improve the peak shape of psendoephedrine {Fig. 11,14},
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LCH Fig. 11.14
5 The components in a
decangestant +
derivatisation of
pseudaephedrine with

(I
H=( H
o=C
T ;Z'aH2 trifluoroacetic anhydride
el /N | (TR,
i
CHy

Dextremet-orphan Irproliding

HooH HoOOOGE,
_GH, [CF, GO0 3 M,

—— ;'H

H WHCH H
5 HCk,
) COCF,

Pzeudnephedrineg

Psaucoaphedring

TFA darivalive

A decongestant syrup was basified with ammienia and extracted into ethyl acetate,
thus ensuring that the components extracted were in thefr free base forms rather than
their sales, which is important for obtaining geod chromatographic peak shape. Salts
of bases will thermally dissociate in the GO mjector port but this process can cause 4
loss of peak shape snd decomposition.

It the extract is run directly. the trace shown in Figure 11,154 15 obtained. The
free hases of triprolidine and dextromethorphan give pood peak shape but
pseudoephadrine which iy stronger base and which has in addition a bydroxy] group
in ity structure gives a poor pedk shape. This can be remedied by masking the polar
alechol and smine groups of pscudocphedrine by reaction with trifluoreacetic
anhydride TFA. Treatment with TFA does not produce derivatives of the tertiary
bases in the extract. 'This reagent is very useful becanse it is very reactive and bidls
at H0°C thus excess reagent can be evaporated very easily prior to GC analysis and
thus unlike many reagents it does not leave any residue.

Silvlating reagents are another popular cluss of derivatisation reagents. These
reagents introduce residucs into the samplie. although this is not a geeat problemn if the
analvie 15 refatively involadle. Ancxample of & silvlation reaction b5 shown on
page 226,

Summary of parameters governing capillary GC
performance

Carrier gas type/flow

According o the Van Deemeer aquation hydrogen and helim give higher
efficiencies at high tiow rares compared with nitrogen. bor practical analysis times
hydrogen or helwm are used in capillarny GO and tvpical flow mates for hydrogen and
helim are in the range of 30-50 cmfs; nitrogen has its optimuem flow rate at

10240 emds. Table 11.2 shows typical pressure settings to achieve optimal flow rate
tor three columns: The gas flow rate decreases with increasing temperarure and this
mray have an influence on columo efficiency. Modern instruments have flow
programming so that the flow can be set to remain constant as the tomperatare rises,
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Fig. 11.15 A
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Table 11.2 Effect of temperature on fiow rate at constanl peessurg
Column Pressure  Temperature T, Flowrate Temp Flowrate T,
() (s} {C) is)
25 m = 0.5 rmm 4 22.2 KPa 1007 851 20comds 250 237 oms 108
25mx D25 mm i, 9.0 KPa 100° 83 IMemds 250" 237 comfs 106

12m=025mmicd 428 KPa 100° 40 M emis 250" 23.7 cmfs 51
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Column temperature

As columa temperators increnscs the degree of resolution belween Dwo components
decroases bevause the degeee of interaction with the stationary phase 1s redoced as
the vapour pressure of the analytes incroascs. Lower wemperatures produce betler
ressi e .

Column length

The sepuraling power 0F a column varies as the square root of its length, Thus i &
bao-Tolil Tneresese i resolution s required and a four-fold Increase in votumn Jength
wotthl e reguired, this would resalt in g four-fold inerease n analysis ime, The
increased resolution atforded by length can often be replaced with o decrease in
leraperatute ensuring that more ingeraction with the statienary phase oveirs,
cspecially il the stalionary phase bas characteristics that enable it to sclect one
analyle more than amotber,

Film thickness phase loading

The grealer the volume of stationary phase the more a solute will partition inte i, 10
the film thick ness or loading of staciomary phase doubtes then in theory the retenlion
of an unalyle should dewble, Thus thicker films are used for very volatile materials
o inerease eir retention time-and o increase resolution between analyies withoo
inuressires the column length.

Internal diameter

The smaller the internal diameter of a capillary column the more elficient the column
15 for a given stationary phase film thickness on the capillary wall, This is bocausae
the mass Transler characteristics of the colump are mmproved with the analvie being
ahle (o dilTuse o and out of the mobile phase more frequently because ol the shorler
distance [or transverse diffusion (Che 10 p, 201 ).

' Self-tast 11.2 el

A fixed ternperature is used and the boad presare & adjusted sothat the lnear velocity of 2
helium carrier gas through the Following capillary calummns I3 20 eods: {0) 30 mo= 0.25 mmid, =
0.25 prrn OV-1 il G0 15 e = 0015 e =0, e Q%=1 Filieg ()12 o 0.5 mimdd s 1.0 pm |
=1 filrn. i

a. List the columns in the order inwhich they would incressingly retain a n-hexadecane
standard,
b. List the columns in order of increasing @fficiency

(103 1) hay rq ) (1 1y "8 Isramesuy

GC detectors

There are many GC detectors available ulthough the Dame ionisation detector
remains the most widely used and the most widely applicable to quabity conteal of
pharmaceutical products, However, newer detectors such as the plasma emission
detector for apalysis of trace Impuritics or the GC-TTIR detectar for the stroctural
characterisation of components in mixtures are becoming inereasingly important
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Selectivity in u detector is most often requirsd for sensitive bicunalyticdl methods
where (e amounts of compounds are being unalysed in (he presence of interferants
which are also present in the sumple mairix, The properties of some commonly wsed

detectors ure summarised in Table 1.3,

Table 11.3 Commonly used GC detectars

Detector

Applications

Flama ionisation
Cohedor.

Cejumen affiuent
Electron capture
-
Collactor!
aulput

ArgoniCig
migke-Up gas

Caolumn effluant
Mitrogen phosphorus

Canlligezlor {: i
!]:l— Diuzput

Hiaied rubidum  cae . Flame
silicale bead

Jet - Al

[

-Column eftlueni
Thermal conductivity (TCD)

Filamer resistance
charges byvps of vapour
-,

.,

Calumn
eftlugnt

Hydragen

Compounds are burnt in the flame producing
ionns and thus an increase in current between the
jet and the collector, Detects carbon/hyd regen-
containing compounds, Insensitive To carbon
atoms attached to oxygen, nitragen or chloring.
In combination with capillary GC it may detect
as low as 100 pg-10 ng. Wide range of linear
response ca 10°

Compounds with a high affinity for electrons
enter the detector and cagture the electrons
preduced by the radicactive source This
reducing the curvent te the callector. Highly
halogenated compaunds can be detected at the
50 fg-1 pg level. Has a large internal walume
therefore sume chromategraphic resolution may
be lost, Linearity of respansae is not 2s great as
FID, v.g. 107 Mainly used Tor anabysis of drugs in
body fluids. Has widle application in
environmental menitoring, e.g.
chlarafluoracarbons in the atmasphers

Nitrogen and phospharus-cantaining
compounds react with the alkali metal salt in
the detector to produce specles such as cH,
various phasphorus anians arelectrans all of
which produce an increase in current whiich
generates the sigral. Detects phosphorus
compounds 3t the pg level, nitrogen compounds
al the low ng level. Highly selective for nitrogen
and phosgherus- cantaining compeunds, Used
mainly In the analysis of drugs and their
rmetabaiites in tissues and bodily fluids

Responds ta cooling effect of the analyte
passing over the filament. Relatively insensitive
to prganic compounds in comparisen to FID. It is
a universal detector which can be wsed to
determine waler vapaur. It i5 also non-
destructive so thal analytes can be collected
after detection, if required. Used to determine
water in same BF aisays, e.g. water in the
peptides menatrophin, gonadarelin and
salcatonin
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Table 11.3 Commanly used GC detectors (Cont.)

Detector

Radiochemical detectar
Calufnin _ ":M
) ER TR

Dirying lub

Tror Hiings
Racioactivity

i |
coumie H

NG
Microwave-induced

plasma atomic emission

Flagmia
Taarming Colamn etfluani
gas *
Plicrowaie
—— Liils
Coeding -l

jakel Plasma

tutiling ——————— =
araasion

Ditfracticn
arating

Il -—

Diiode aray

datactor
Faurier transform (FT}
infrared (IR) detector

IR sauree

Interferornetar

Flaw

izl "

g Calumn

= aflwant

—— -

Datelos

Applications

“C and H present in the molecule are
respectively corverted T 00, and *H,. 115
sensitivity depends on the degree of
radisactivity of the analyte. Useful for metabaolic
labelling studies, making metabolites of drugs
easy to detedt. The detector tends to work
better with packed Lolumns since it has a large
internal space

& hot plasma of argon is produced by heating to
= OO C which causes all the elements in the
compaund to produce emission spectra. The
individual emission lines are passed through
diffraction grating and detected by a diode
array detectar. Detects individual elements, 2.4,
chlerine in grganochlorine pesticides and metals
in prganometallics. Sensitive ta the pg level for
some elements. Mot widely used in
eiviranmental manitoring but alsa has useful
patential for impurity profiling of drugs and
metabalism studies

gssentially just an FT-IR instrument coupled to a
G, thys allewing IR spectra af compounds
eluting from the GC colurmn to be abtained.
More useful far structure eiucidation rather
than guantitative studies. The detector is
sensitive to the 10 ng level, Used as a toal for
quatitative identification. There are some
examples of quantitative applications, e.g,
determination ot propandial in acyclovir cream.?

Applications of GC in quantitative analysis

HPLL has more or less supplanted G as a method for quantifying drugs in
pharmacentical preparations. Many of the litcratore references o guantitative GO
assays are thus obd ard the precisien which is reported in these papers 1s ditlicull 1o
evaluale based on the measurement of peak heights or manual integration, It is more
difficult o achieve good precision in GO analysis than in HPLC analysis and the
main seurces al imprecision are the mode of sample introduction, which is best
controlled by an anesampler, and the small volume of sample injected, However, it
is possible 1o achieve levels of precision similar to those achicved vsing HPLC
mcthods, For cerlain compounds that lack chromophores, which are required lor
detection in commaonly used HPLC methods, quantitative GC may be the method of
choice, for smalysis of many aming acids. Fatey acids, and sugars. There are o pumber
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Ol assays o the BE. US Phurmacopacid and the Buropean Pharmacoepoeia which are
based on G, but the selection of compounds aralysed i this way appears o be
rather random and many of the assays described could alsa be carried out by HPLLL
The BF format for assays (both for HPLC and GO assays) 5, most often, to mun three
samples, Theae arc: a calibration standard contaming more or less equal amounts of
a pure standard and an internal standard (Solution L) a0 estract of the sample
contaming no inemal stendard o check for interference from the formulation marrix
{Solution 2); and an extract from the sample containing the same ameount of internal
standard as Solution | iSelotion 33 This s illostrated in Figore 11000 for the analysis
of methyvltestosterone in a tablet formulation using testostercne as an internal
stundard p. 259,

Flg. 1116
Chrgmuatograrns af
Salutions 1, 2 and 3
prepared for the analysic
of methyltestosterone
tahblets. RTX-1 columr

15 s 25 mm L o
0,25 rm fllm.
Pragrammed 15071 rming
thae 1O i b 320%C

(5 min).

i | 1 2 13
. ' Me Tesat
g ., Me Tess | Ma Tast
= L I Tast
=] | 11 II
W o — = i e
[ | T I T I
0 10 206 1) 200 10 1
min man man

A LA

Analysis of methyltestosterone in tablets

A calibration solution comtaiming co (L5 wy ol methy Hestosierone and oo (05
ey tstosrernne i ethanol s prepared (Solution 1), A weight of fablel powder
comlaining oo 20 mE o methyltestosterone is extracted with 50 mi of cthanol (o
preprire Solution 2. Sulution 3 is preparsd by dissobving tablel powder containing
cer 20 my of methyliestosierene inexacdy 50 ml of ethanol containing eraerly the
s concentration of testosterone as Soluton | In this cxample (03 gl amounts of
the sedutions were injected into the GC in the splitless mode.

Solutivm | mives @ response fclor for the culibrotion solution as foliows:

area of methyltestosterone peak in calibration solution
area of testostercine peak in calilration solution

Solution 3 gives aoresponse Teetor for the sample as follows:

arca of methyltestosterone peak in samiple solotion
area of wstosterone peak in sample selution

The amount of mesthy Heaosterong in the fabdel powder can be caleolated ws follows:

respoise factor for saimple
response factor for calibration solutich
viol. sample solution
106

* Shwihv ol

arnoang of merlyllesoslienng =

methyltestosternne in calibration solution

Data from analysis of methyltestosterone fablets
+ Weight of 3 tahlets = (1.74%0 ¢
= Sted content of methyliestosterone per ablet = 25 ma
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+ Weight of wblet powder taken for assay =(0L1713 2

« Solution | contains: (049 wiv methyltestosterone and 0.043% wiv lestoslerone

+  Bolution 3 containg: the methy lestosierone eatacted oo the posader taken for
gusay and L043% wiv lestosternne

»  Solution 1: Peak arca testosterone = 216 268, Peak arsa methy|estosteronc
=212992

= Bolution 3; Peak area testosterane = 191 146; Peak urea methyligstosterons
=760 243

Calculation example 11.1

2129492
216268

360 243 _
191 146

Response factor for Solution | = = (L9849

Response factor for Solulion 3 = 1409
Amount of methylestosterode in the tabled powder determined by analysis =
1408 50 '

A0 004320 = pnoRet g =286
Dgag ~ 004X 55 = 002861 ¢ e

Amwunt of methyltestosterone cxpected in tublel puawiler =

weight of powder analysed oo content of § tablets = D012 5 5% 25 = 2857 me

weight of 3 Lablets 0.7496
s 2861 - ’
Percentage of stuted content = 3T #100= 100 1%

A-dilution lactor may be incorporated into this caleulation i the sample is first

exlructed and then diluted in order to bring it into the working range of the instroment.

This approach to quantitation does nol address the lnearity of the mechod bat since
the variation in the compesition of formulations should be within £ 10F% of the stated

amount fhers is some juatification for using it The precision of the method is readily

aeldressed by carrying out repeat preparations of sampls and calibration selutions.

Analysis of atropine in eyedrops

Another group which 15 uscd to mask polar groups in molecules in ardet to imprave
G peak shape is the trimethylsilyl group. Atropine Eye Drops BP are used to dilate
the pupil prior to cataract surgery. The 1993 BP method for the analysis of Atropine
Cye Drops BE uses derivatisation with a timethylsily] group o mask an alchohol
group as shown in Figuee 11,17,

Fig. 11.17

BSA

Alruping

—7 CH,
Trimethyisilylation of N-CH, —COOCHCH,OH —» feH, Y COOCHCH,08—CH,
Blicpring. > B !

CH,




The meAbosd involves extraction of stroping and o bomatropine internal standard
from the aguaons phose which is rendered alkaline by the sddition of amimonia
el liveesd b (rirmethy lsilviation with MObistrimethy lsily] acetmmde (B5A)

[ the calculation sing the resalts of this experiment it is betier to use anwount
rather than concentration as o standard measure since after the initial accurate
volume measuremment used Lor the addition of the standard and internal standard oo
the calibration solutivn (Sobution 1) and for the addition of the internal standard toe a
fimed volume of eyedrops the volames need only be imepsuresb approgimately; this s
the advaniage of wsione an infernal standacd (Fig. TS The following lormula is
e

amaunt af alraping in the eyedrop sample =

response foctor for sample
response factor for calibration solution

= oamecunl of atropine in calibration solution

Fig. 11.18
Chromatograms of
selutions 1, 2 and 3
orepared far the analysis
af atrogine in eyedrops.
RTX-1 column 15 m «
0.25 men.d. = 3.29 ym
film. Programmed 140°C
11 min} then ¥0%min to
320%C 05 min).

— o
|_ 1 2 d
1 s i Homatropine
TN Atropine i
l Homatroping R il
S
£=
g
5
==
w
= i
(m) |
= ;
|_| [ B I ) . -
I I | | | |
0 Frii it 0 I 1 0 min 10

Brief description of the assay

Solution 1 is prepared from exacy 5 ml of 04092% wiv aropine sulphate solution
and cxegcrly 1 ml of 2,134% wiv homatroping hydrobromide solution, The selution is
basificd and cxiracted, the selvent is removed and the residue 15 realed with 2 ml ol
BS5A and then diluwed ro 50 ml with ethyl seetate, Solution 3 is prepared fom ol
2 ml of cvedrops and exectfy [ ml of 2,134% wiv homatropine hydrobromide
solution. The solution is basificd and cxtracted, the solvent 15 removed and the
residue is treated with 2 ml of BSA and then diluted to 50 mi with ethyl acetate.

Data from analysis of eyedrop formulatian

«  Wolume of eyvedrops apalvsed = 2.0mi

«  Stated content of evedrops = 109 wiv

= Solutien 1: Peak arca homatropine TMS = 118 510; Peuk area atropine TMS
= [46363

«  Solutien 3: Peak area homatropine TMS = 145 271; Peak area atropine TMS
= LIT 964,

227
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Calculation example 11.2

Amount of atropine sulphate in Selution 1 = 04092 x % = 002046 g
; 146 363
Response factor tor Solution | = ———= = 1.2350,
Spe T Solution %310
Respanse facror for Solution 3 = %ﬁ‘: = UE120,

(LE120
1.2350

This wis the amount uriginally present in 2 ml of eyedrops therefore percentage of w/y of atropine sulphite in
eyvedrops

Amoun| of atropine sulphate in Solmion 3 = * (02046 = 0001345 g,

= 0.01345 x L}}“ = (L6T25% whv.

The amount determined in the eyvedrops s owell below the stated amount of 1%
wiv and this is because this sample of eyedrops was cq W years old and had
probubly sulfered extensive degradation,

Self-test 11.3 T e ST

Caleulate the percentage of the stated content af hyoscine hydrobromide in travel sickness
tablets from the following data. The assay i carried cut ir 2 mannes similar to the eyedrop
assay described above. The amount of atropine added as an internal standard does not enter
inte the caleuiatian if we assume that the same amount is added to Solutiors 1 and 3.

* Weight of 20 fablets = 21881 g

= Weight of tablet powder taken = 39583 9

# Stated content per tablet = 0.6 my

« Cancentration of hyostine hydrobremide standard selution = 00347 % wiv
* Walume of hyoscine hydrobremide solution added to selution 1 =15ml

v Area of hyoscine peak in Sclution 1 = 147 881

e Area of atropine oeak in Sclution 1 = 158 981

v Aren of hyoscine peak in Sclution 3 = 167 799

v frea of atropine peak i Solutior 3 =173 37E.

T LTV e

Quantification of ethanol in a formulation

Cins chromatography provides g useful method for quantfying very valalike
materials. In this casc columns are reguired, which strongly relain volatile
compounds. Ethanol is used in the preparation or tincturcs and in disinfectant
solutions, 'Fepically ethanel may be quantifed apainst 4 related alechol, T the 19493
B assay of chloroxylenol solution ethanol is guantificd against a propan- E-o]
internal standard. The column used is packed with Porapak Q: Porapak is an
example of a porous pulymeric stalionary phase which retains low nolecular weight
compounds strongly, These types of phases are also cffeciive moseparaling gases
such as OO, ammoniy and acetylene. As an alternative s Porapak column, a thick
film (e.g. 5 g film) GO capillaey colomn may be uscd for this type of analysis.
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Determination of manufacturing and degradation
residues by GC

Determination of pivalic acid in dipivefrin eye drops
G provides o usetul technigque Tor estimating volatile degradation products, For
example the pivahic acid release Irom the hydrolysis of dipivelvin in an evedrop
preparation (Fig. 11,191 used [or tresting glavcoma may be estimated by GC 8
Isprvaleric acid, which s an isomer of pivabic acid, provides a suitable internal
standard. Breakdown proaluces of esiers sare more likely 1o oceur in agquecus
formulations such as evedrops or injeciions.

Fig. 11.19

Ereakdown of dipivefrin
resulting In formation of
prvalic acid.

[CH gy GGG H2

o aH
|
[CH,) G- GO0 -GH.CH;—MHEH, — = HO CH.CH,—NHCH,

+ 2{CHyG—E00H ':T.llt.mnllr_ic?aagairr;s-l 1CH, CHCH C00H
intarnal stands i
Pivalic acid IsovaE larg acid

Dimethylaniline in bupivacaine injection (Fig. 11.20:
Dimethylaniline 15 both 2 manufactaring impurity in bopivacaine amd since i is
lermuluted inoinjections 4 possible breaskdown product, although hydrolysis of
amides is much slower than hydrodwsis of esiers. The BP uses o speotrophotometric
method to-assay for this impuarity o GO provides o more sensitive and specific
method for this determanation,

Fig. 11.20
Bupivacaine and its
degradation product,

ZH
CH., 7
T,
NH.CO —lx/\/l :
Y|
i
CH. EaHy CHl
Bupivacaine Dhirnetylanilive
(riruiacburiog impuriby aod
hydralysls procuct]

The GC trace oblaned [rom imjection of a 10% wiv solution of hapivacaine free
buse exinwied from an injection gave the traee shown m Figuee 11,21 [t is apparent
fronm companson with a stundard for dimethylamline that there i < 0. 1% of the
unpurily present aithough u nomber of other peaks due to cxcipients ot impurities
carn b seen in the GC trace,
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Fig. 11.21

G analysis of impurity
residues in bupivacaine
extracted from an
injection. RTX-1 column

Bupivasiine

£ : 15 m o .25 mm id.
= .25 pm film
E Programmed 70°(3 min}
] then 0% min to 320°C
5 (5 min).
o

l_|i Dimethydaniisng L —

I |

o 15

min

Determination of a residual glutaraldehyde in a
polymeric film

Sometimes denvatisation can provide a highly specific method of detecting impurities,
In this examiple the Jow molecular weight impority glutaraldebyde, which is net
sluble 1 direct analvsiz by GO, is reacted with a high molecular welghi derivatisaling
reagent pentafluorobenzyloxime; the reaction is shewn in Figure [1.22. This reaction
stabilises the amalyie and mcreases its retention time into a reglon where it van be
readily observid without interference from other components extracted from the
sample maotris. The derivative is also highly elecoron capring, In this example 2 GC
methidl was [ound w be superior to a HPLC method using denvatisation with
dinitrephenyihydrazine since the residues from the reagent produced less
interference in the analysis.

F F
OHCCH,CHCHCHO = F DA,
Aguecus oyridina
E F
Glutaraldehyds
Penta’lvornbenzyloxime
b
F F F F
F O = CH,CH,CH, = F
FoF F F

Fig. 11.22

Application of a selective
desivatisation procedure
used for the analysis of
glutaraldehyde in a
palymeric film.

The converse of this lype of reaction has been used to determine hydrazine as a
manufacturing impurity in the drug hydralusdne by reaction of the hydrazine residue
with benzaldehyde to form a volatile dervative fur GC analysis ™
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Determination of residual solvents
Typical BP procedures

The current BP methods [or determination of selvent residues in pharmaceuticals
reoaining fronm the manufacturing process rely on direct injection of the sample
dissodved in a suitable solvent (ofien watery and are based on packed column GC.
Somne exarmples are piven in Takle 11.4,

Tabkle 11.4 5ome BP procedures tor the analysis of residual salvents

Drug Resldues GC conditions

Ampicillin sodium Dichloremethane 10% palyethylene glycol 07
Ampicillin sodium Dimethyl aniline 3% OW-17 80"

Colchicing Ethyl acetate and chleraform 10% potyathylene glycol 757
Gentamycin suiphate Methanol Parapak © 120°
Menctrophin water Chramasarn 103, 114°, TCD
Warfarin sodiurm Propan-2-ol 10% palyethylene glyeol 707

Determination of residual solvents and volatile impurities
by head space analysis

A more refined method for determining residual solvents und volafile impurities is
based on head space analysis.

Fig. 11.23
sampling of the head
space in a sealed vial

I Ml Gasligh® syringes
I

e Rula0Rs SEEbAT

Sample slaried
0 ir scdution

e |

The sirmplest method of saimpling is to put the sample into a sealed vial and heas it
as shown in Figore 11,23, The sample, either in solution or slurried with a relatively
imvedatile solvent with Nnle potential for inerference, e.g. water. is put into g sealed
vial [ilted with o rubber septam and heated and agitated until equilibrivm is
achieved, Then a fixed velume of head apace, e.g. 1l is withdrawn. The sample 15
thiers injected itoa GO in the usaal way. IF capillary column GO is ased a split
injection has to be nged to facilitare sample injection: a flow of 1001 out of the split
venl worlhid ensure that a 1 md sample could be injected in about 5 & with the flow
through the column being | mlfmin. Several points are importast w note:



232

Pharmaceutical Analysis

iy Purtition equitibrium must be established by heating for an appropriate length
of time and 4t an Sppropridle lemperalure

(ith A clean Toom ks required away from all other sowrces of volatiles such as
lahoratory solvents

iy  Polential imerference from rubber sepla must be checked

fv1 Reactive contaminants may reacl with the sample matrix at high temperitunes

vy If the sample is ground and mixed in preparation for the head space analysis
care has (o be taken to-ensure that no volatiles are Lost,

bor best reproducibilily (he process should be automated and for guantilaiive
accuracy it would be hest o use the method of standard additions (Ch. & p. 123},
Suitable columnas include packed colunins containing Porapak Q or lung thick film
3-8 pm) capillary columns, which for best selectivity should be coated with a phase
which is moderatcly polar to polar,

Figare 1124 shows o chromatographic frace for residual solvents in a sample of
cephalosporin obtained by auiematic sampling of the head space in a scaled vial.f
‘The cephalosporin sample (300 mg) was suspended in dicthylenc glyool (DEG)
ithe low vapour pressure of this material meant that it was nol presend in arge
amounts in the head spage),

Medhanol Ethance Fig. 11.24
| 1 Sobvent impurities in

cephalosporin analysed

by earpling of the head |

space above a heated

DEG solution of the drug. «

Separation was carried

oUt on columin (10 feet = |

118 in i.d.) packed with
farapak 0. Reproduced
with permissicn from

Ettyl DEG I. Chromatology (see

_||j\; el | Diethyletiar acelate fia fieference &).
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Which of the fellowing capillary calumis wedld Be mest suitable for use in the determination
of residual solvents by head space analysis [fonsult Table 17593

i Ov-t column 12 m = 0.2 mm i, = 0,25 pm film
{iy OWIT columm 15 mos 3033 men L <008 o film
(i) On-225 column 20 m = 0.5 mm i < 3 um film
{iv) ©%-1 column 25 mo 0.5 mrm e, =1 g fllm,

{111} amsey




Gas chromatography

Purge trap analysis

Another form of heud spave analysis uses a purge trapping device o tap volatile
impuritics. In this technigue a gas, e.g. helium, is bubbled theough the sample which
is dissolved in suitable sulvent (usoally water) and the volatile impurities are thus
“stripped” lrom the solution and passed in the stream of gas through a polvmeric
sdsorbant where they become teapped and thus concentroted. The stream of gas is
then switched so il pusses in reverse direction threugh the polymeric trap, which is
heated to desorb the trapped volutiles and the gas stream is then diverted into the
GC. This type of provedure is used in environmental analysis to concentrate volatiles
in water which are present gt low levels,

' Salf-test 11.5 A= ,:"': B & .

Suggest an analytical procedure based on GC for salving the following problems:

{i) Determination of residual salvents in a penicillin

{ii} Determination of the stability, in a fermulation, of a diug swith & propyl ester graup.
(i} Determination of an amphatarnine sulphiate in lables form.

{iv} Determinaticn of terbutaling in tablet form.

HC

[QGHEGHGHS ]sl:nf' GHCHNHG(CHy )y
NH,' == o

2 HO

AMpnetamine Tertulaline

ap# o ads {ah) g o abs () lagg d a8 (1) FEZ d aas 1) Eramsuy

Applications of GC in bioanalysis

In order to determine an optimum dosage regimen for a drug aned ro detemmine its
miode of metabolism, methods for analysis of the drog and its metabolites in blood,
wrine and lissues have to be developed. Analvsis of drugs in biological Muids and
Lisstes by G is guite commeon although GC-ME {sec Ch. 9) has replaved many
G methods which are reliant on less seloctive types of detecior,

A typical application of GC to the determination of a4 drug in plasog is in the
determination of the anti-epileptic drug valproiv acid” afier solid phise exiraction
(see Ch, 15} by GC with flame ionisation detection. In this procedore, caprylic acid,
which is isomeric with valproic acid, was used as un internal standard, The limit of
detection for the dmag was | poéml of plasma. The mace shewn in Figure |1.23%
indicates the more extensive interforence [rom background peaks extracted from the
binlogical matrix which ocours in bioanalysiz compared 1o the quality conteal of bulk
materials.

An example of the use of GC with nitrogen selective delection is in the
guantification of bupivacaime in plasma, '™ Bupivicaine confains 1wo nilrogen atoms
it its structure which makes it a good candidare fur his type of analysis. The limies
of detection which can be achicved with 4 nilrogen selective detector for this
compound are much better than methods based on Mame fonisation detection, which
are much less selective.
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Caphyle aoid Fig. 11,25
Plazrma - (80 The GO trace of an
hlans extract of blank plasma

obtainec from a patient.
(B) The GC trace of an
extract of plasma

: obtained trom the same
Malarale patient after treatment
aod with vaiproic acid (peak
1) ta which caprylic acid
{peak 2} has been added
as an internal standard
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Q Additional proklems E TR R

1. Indicate the order of elution of the fallowing compourds from an OW-1 column:

ey DGO H,
‘-'Hu- 21 h aH
FH.)

o
1 lestosterona
propicnate 2 Mandrolone
gH =
CH.,
a |
3 Teslosterona 4 Testostarons
heptanoates
quosoteHeHy |
H
o]
5 Mathyltestaslarcne £ Mandroane
decanoata

GE L Sl
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