Thin layer chromatography
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Principles

+ An analvee migrates up or across i laver of sationary phase (imost commonly silica
oelt, under the infleense of o rmobile phase (osually 2 mxtuee of oreaoie solvenisy,
which moves through the statinnary phase by capillary acrion. The disance meved by
the analyte is determined by its relative atfinry for the staticnary vs the mobile phase,

Applications

+ Ulsed o determine impuniics in pharmaceutical raw materials and farmulated products

s Oiten veed ag a basic idenuty check onpharmaceutizal raw materials.

+ Polentiadly usetul in cleamng validation. which 1s part of the manufacture of
[rharmaceuticals,

Sirenpths

+  Detection by chemicat reaction with a visnahizabon reagent can he cammicd out, which
means that morce oF tess ovary tvpe of compound can be detected i a suitable detection
reagent is e,

+  Hobnst and cheap.

s i conjuncion with densitomentic detection. it cun be used a5 a quantitative techmigue
for corupounds whick: are difficult w soalyse by olher chromatepraphic methods
hecause of the sheence of a chromophono.

+  Since afl the compenents in the chramarographic system can be seen. there 33 no risk, as
15 the case 1y gas clhoarmatograptey (G and TIPLC analyses, that sonie components are
not hserved hecunse they do not elute From the chimmitegraphic system.

*  Hafch chromatographs can be usad @ analyse many samples at once. inCreasing e
speed ol analveis, aml can be automaled.
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= The methad is Mexible since thin layer chiomategraphy (TLA) plates can be simply
treated with a variety of chemicals thus imparting a wide range of propertizs o the
slationary phase.

Limitatinng

+  The number of theoretioal plates available for seperation is limited in moutine TLEC
systems, althougl high pedformancs TLC (HFTLC plates, cun offer nearly the sane
efficicncy imoa 10 ¢m diswnce as an HPLC column of the same length

*  Sensiivity @ often limied

= Mot suitable for volatile compouands

+  Reguires more operator skill foc optimal wse fthan HPLC

Introduction

Thin layer chromatography (TLC) has developed inle o very sophisticated rechnigue
feer iddentification of compounds and for delerminalion ol the presence of trace
impurities. Since it was onc of the carlies| chromatographic techniques. a huge array
of TLC-based tests 15 available and phanmacopueial monographs reflect the exeent to
which this technique has been developed asa Tundamental quality control technigue
lor trace impurities. The reason for its prominence in this regad i5 due 5o s
Mexibilily in heing able to detcet almost any compound, even Some inorganic
compounds. Following TLC, the cntire chromatogramm san be seen dnd thus there is
no doubt over whether or not components in a sample hove failed te elote from a
chromatographic system as is the case with HPLC and GC, and even capillary
electrophoresia (CE). In this short chapter it would be impossilde o outline all of the
lests Thal cun be wsed: comprehensive reviews ol the techmigue have been weitten.!”
Even the most advanced form of TLC, high performance TLE (TIPTLC), remains
essentially @ simple technigue. The sophistication in the application of the technigue
derives from the broad choice of stalionary phases. mobile phases and the wide
range spray reagents which can be used for visualising he chromatogram.

Instrumentation
Figure 3.1 shows a simple thin laver chromutography apparanos.

The maost frequently used systemn i o gluss or plastic plate eoated with silica gel:
for poutine applications the silica gel particle size i5 in the range 2-25 xm. The
methad of use for this system is as follews:

iy Adew plof sample solution are slowly spotied onte the plaie at the origin. [f
more than ca | pl is applivd ol once, the spot will spread too far, The spod has
1w e allowed o dry between cach application of | d, Loadings ol sample are
typically 20 ug.

(i1} The bottom 0.5 cm of the plate is insmersed in the mobile phase contained ina
ank and the lguid mobile phase is allowed o iravel op the silice gel plate by
capillary action.

{ilil  The more polar & compound 1s ihe mere it adsorbs (partitions into) the sihca
sel stalionary phase, the less time it spends in the mobile phuse as it ravels up
the plate and thus the shorer the distance it travels up the plate in & given time,

TLC chromatogram
Aciliagram of a typical thin-layer chromalography plale after development and
spraying tor locate the analytes 15 shown in Figure 132
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Fig. 13.1
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In Figure | 3.2, compound A &5 less polar than compound B since it ravels further
with the maobile phase in the sume time. The distance travelled by the compound
frowm the origin (whers the compound is pur onto the plate) divided by the distance
truvelled by the solvent trom the orizgin is called the “RBE value’ ol the compound, For
example, for compound A, RE = a/S; for compound B, BRI =B5: the BT is usually
gpuceed as g B s 106 value. The areafintensity of a spot on o TLC plate is
logarithmically related te the concentration of the sanalvte produving i,

' Self-test 13.1 i B e

Selvent is allowed to move 10cm from the erigin up a TLE plate. The time taken to develop
the plate for this distance is 15 min, On the hasis of this information, complete the table below.

Distance moved Time spent irmohile Time sgent in stationary
by analyte Rf 3 100 value phiase pbase

iy Bom

il &cm

ity dem
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Stationary phases

Silica gel (Fig. 13.3) is the most commonly used adsorbunt for TLC, The rate at
which compounds migrate up asilica gel plate depends on their pelarity. inoa given
length of tine, the most polar compounds move the least distance up the plute while
the least polar move the firthest.

S e Fig. 13.3
o The surface aof silica gel

Silica, gel

Althoueh sthea gel 15 used widely, some other polar stationary phases are also
used in pharmascopoeial lesis; sifica gel may alse be used in modified form. Some
cxamphes of stationary phases are given in Table 13,1

Elutropic series and mobile phases

As desenbed in Chapter 12, the strenpth of a mobile phase depends on the purlicular
solvent maxture used. Table 13,7 lises common solvents in order of incressing
polarity. The more polar a sobvent or solvent mixture, the further it will move a polar
compound up a silica gel TLC plate. When non-polar compounds are being analysed,
there will nob be & marked increase in the distance migrated with incredgsing polarity
ol the mobile phase since they migrate towards the solvent fronl under most
comditions, Although water i3 polar, there are practical difficoltics in vsing pure
waller s 1 sodvent since many erpanic compounds are not very soluble inowaler; thus
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Table 13.1 Statienary phases which are commanly used in TLE

Stationary phase

Description

Applications

Sillca gel G Silica gel with average particle =g in & wide range of
size 15 wm cortalming ca 13% pharmacopoeial tests, In
calcium suiphate binding practice commercial plates
agent may be used which cantain a
different type of binder
Silica gel GF ., Silica gel G with fluorescent The same types of applications
agent added as silica G where visualisation
is to ke carried cut under UY light
Callulose Cellulose powder of less than Identification of letracyclines
30 pm particle size
keiselgubr G Diatomaceous earth Used as a solid support for

containing caleium sulphate
binder

stationary phases such as liguid
paratfin wsed in analysis of

fixed oils

' seiftesyraz S Baain e RN

The stercids below are spotted onte a silica gel TLE plate, The plate is developed in mqth],rlene
chloridefether/methanclfvarer (77:13: B 1.2} and under UV light has the appearance shown in
Figure 13.4. From your knowledge of the palarity of organic malecules, imatch the steroids to
the spote on the TLC plate shicwn in Figure 13,4,

Hydrecortizone sedium phosphate

F"DNEI

Hydrocartisane atetate

DH
QCOLH,
Tramcinekne Tastoatarone proplonate
GH
T
Hydrocortisomne Tastostarone
feuoidond 2U0Ia1E01Ea] D IBUOIAISOISEE L ) Rjele AU LcIoIpiy b
BUCSILII0) pAY E BUOMDUITILELS T [B1RYO0s0oGyd WINipOs Sunf LDacIpAY | Jasuy
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Table 13.2 Elutropic ceries
Solvent Polarity Index
Hexane {CH. 0 o]
Taluene (CHy) 24
Diethylether (C,H O 2.8
Dirhloromethane (CH.CLL) 31
Butanol (C.H,OH) 349
Chlaroform (CHCL,) 4.1
Ethyl acetate (CH.COOCH,) 4.4
Arcetone (CH,COCH,) 5.1
Methana! (CH.OH) 501
Ethanal {C;H,OH) 5.2
Acetonitrila {CH,CM} 5.8
Acetic acid (CH,COOH) 6.2
Water (H.0Q) 9.0

it is usually used i mobils phascs containing & waler miscible organic sulvent such
a5 methanol. Quite subtle chanees in separation can be achicved by psing eomples
mixtures of solvents. Because of its simpligity, TRAC 15 oflen wsed as o preliminaey
screet for idontifving drugs and thus moebile phases have been developed which
cosure that a panticelar drug will have g guite dilTerent RO value in one system
comparcd with another,

For example. in 4 gencral sereen Lor acidic drogs, which imeludes most of the
NSAIDs (Fig. [3.5). three mobile phases may be used.! Table 133 shows (he BRI
values obtained for three NSAIDs in three different mobile phases, TUcan be seen
from the data in Table 13,3 that even {or closely related structares slight differences
in polarity and lipophilicily can be exploiled fo produce sepacation, For instance,
ibuprofen is the least polar drug in system | bul is the most polar drag in systein 3,
where the carboxyl groups in the structures will be ionised dog o the ammeonia in the
mabile phasc. It can also be seen thal the polarity ol & mobile phase containing a
mixrure of chloroform and acetone s simmilar o that of pure ethyl acetags,
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Fig. 13.5 COoH
Some MEAIDE . 20N e ;" B ?1”
MH 1 MNH cH. CHOOOH
2 i Ej[ ﬂ /U
o= CH, b
Drciafenac Mataramic acid Ibupraken
Table 12.3
Mobile phase diclofenac Rf mefenamlc acid Rf ibuprafen Rf
1. Chlorafarmfacetone (4:1} 25 41 45
2. Ethyl avatale 40 54 34
3. Ethyl acetate/methanobstrang 29 32 18

arnrrionia soiution (840:10:10)

' Self-test 13.3 S Lt B

Considering Lhe toree sobvent systams (1, 2 and 3 givenin Table 13.3, indicale which set of AT
values is mest likely to apply to naoroxen.

G
o | CHCOOH
CHE
Maprowan

G118 2025 3 24 (101, 40, 2,25, 314, (i) 1. 33,2, 45, 3 14 (i) 1. 20, 2,26, 3.0

(o) Laanug

Maodification of TLC adsorbant

Treatment of silica gel with KOH

For analysis of basic compounds. silica gel which has been sprayed with a solution
of KOH in methanol, may be used. Treating the plate with hase ensures that basie
compounds chromatozraph ay their free buses rather than as their salts. The salts of
the amines have very low mobility in organiv solveni-based mohile phases since
basic compounds tend to interact strongly with silanol groups on the surface of the
silica; the presence of KOH inthe stationsry phase seppresses this interaction.

The mahile phases used in these tvpe of systems also typically contain a basic
component. Examples of the mobile phases used for the analysis of basic drugs on
KOH impregnated silica gel include:

(i} Methanol/strong ammonia sobution {100:1.5)
(i) Cyclohexanedolweneidiety lamine (753:13: 10}
(iiiy  Chierolormdmechanol (90:10).

System 2 is guite non-polar and useful for discriminating betwaen hghly
lipophilic bases, which inelude many of the antihistamines and nareotics, and
sympathomimetic bases, which are often quite polar and move very hills in mohile
phase 2, The use of seleclive solvent systems is often combined with use ol locarion
agents that are selective [or nitrogenons droogs,
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Silanised silica gel

The surface of the silica gel can be rendered non-polar by reaction with
dichloredimethylsilane as shown in Figure 13,6, A wide range of silanising reagenes
can be nsed in this type of reaction including octadecylsilanes, which produce QDS
silica gel plates analogous o 0125 HPLC columns, The BP uses silanised siliva gel
TLC plates in identiry tests for penicilling, For example, o 0.25% v solution of
ampicillin test material is applied 1o a silanised silicy gel plate along with an
ampicillin reference standard (0,23% wiv), Sulution 2, and & mixture consaining
reference standards for ampieillin and amoxscillin tribydrate (,.25% wdy), Solution
3. 'T'he plate is developed with 2 mobile phase consisting of 2 solution of ammoniom
acetate adjuseed o pH 5.0 with acetic acid and acetone (90 105 Aler development,
the plate is stained with iodine vapour; the identiry test specifies that tie test
substance should give a single spot with the same R as thal seen for Solution 2 and
thar Solution 3 should show rao clearly separated spots,

CHy, CH, Fig. 13.6
sa< ) Silanisation of silica ge!
Cl Y C.'H]\ /DHR GHH\,‘ (_,':Ha :';':;::I!l:hlorcdlmethg.rl—
i s 3 R
s Tl
ITIIH OH ?—I clm o o :
m—?—m—ﬁh—o—q-—o—@f —0 o—s} —0—4: —m—&%ﬁ—c}—?«—n
9 ol o Lt =L R.Y.5
-5 —0—&—0-S—0—5—0 D-5—0— él—(}—é‘ﬁ—(}—Su—{)

This type of test could be carried oot egually well with commercially produced ODS
plates. Silica gel plates can be simply modilied with reaction with organosiline
reagents, the availability of o wide range of reactive organosilanes means that there
15 potential for prodocing a wide range of coated T1C plates for specilic purposes,

Keiselguhr as an inert support

Keiselguhr in itself does not have stroag absorplive propesies bul it can be coaled
with & liquid or waxy stationary phase. The keiselgubr comted with Hguid paralfin is
used in 2 pharmacopoeial test for triglyeerides and farty acids in fixed oils, The
keiselgohr plate is impregnated with a solution comtaining liguid parallin in petroleum
ether. ‘This renders the surtace hydrophobic. The samples of fixed ol being examined
are applied o the plate and the plate s developed with acedc acid as the mobile
phase. Acetic acid is a very polar solvent and thus the liguid paralTin stationary phase
does not dissclve in it appreciably. Furthermore, the triglyoerides im the lised ol are
only weakly polar and will partition usefulty berween the liguid parafiin stationsry
phase and the acetic acid mobile phase. The Jooger the chain length of the Gty acids
in the triglveeride the lower the Y of the triglyceride. The plate s visualised by
staining with indine and then permanently staining the iodine spofs with starch
solution. The BY shows the typical chromatograms that would be obimed from a
number of fixed oils which are composed of mivmres of triglycerides in dilTenen
proportions. The triglveeride composition of a particular Gixed oil does not vary
areatly and is very characteristic. A similar test tor the one described above is carried
out for the fatty acids composing the ol following hydralysis of the iriglveerides,
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Oither agents wsed to impregnate keiselguhr include: formamide and propan-1,2-
dinl. In the case of these impregnating agenis, the mobile phascs used to develop the
treated plates have to be of low polarity o avoid washing the agent off the plate,

Detection of compounds on TLC plates following
development

A wide range of methods can be nsed to detect compounds on o TLC plate following
its development with a mobile phase.

Ultraviolet light

In order to observe the absorption of UV light by an analyte, silica gl which hus
been impregnated with a fluorescen mulerial is used W prepare the TLC plate. Light
with a wavelength of 234 nm §5 used W illuminate the plate and if the analyte
absorbs UW light it can be seen as a black spol on a yellow background wherne it
quenches the fluerescence of the background. This method of visualisation is wsed in
many pharmacopoelal tests since moest drags possess chromophores. 10 g compound
is natwurally flusrescent, longer wavelengeh light at 365 nm may be wsed 1o visealise
the plate. For example, the pharmacopoeial lest for anthraquinones in alocs observes
the fluorescence of these compounds under UV light at 363 nm.

Location reagents

There is a huge number of localion resgents available and these reagents range feom
those which are [nrly specific for 4 particular type of analyte to those which will
detect many Jillerent compounds.

lodine vapour

The plate 1s pul into a tank containing wodine crystals. This treatiment will produce
brown spols with many ovganic compounds; the staining s reversible, so that il it 15
nevessury W recover the compound once it has been located, the odine muy be
allowed to cvaporate by exposing the plate to air and then the marked spot containing
the compound of interest may be scraped off the plate, 11 a permanent recond of the
plate is teguired it has to be covered to prevent the iodine evaporaling or the iodine
spils may be sprayed with starch solution in order o stain them permanently, Todine
is gsed as g lovation agent in pharmacopoeial TEE tests of fixed oils and of
cetrimide,

Fotassivm permanganate

Potassium permanganate provides a method for the detection of sugurs und sugar-
like molecules, and dmags with aliphatic double bomsds, 1 is wsed in TLC identity
checks for the antibacterial agents clindamycin and lincomycin and in a check for
related substances in spectingmycin,

Ninkydrin solution

This reagent gives pink spots with primary amines ind yellow spots with terdary
amines. It is used in pharmacopoeial identity lests lor some of the aminoglycoside
antibiorics such as gentamyvicin, in g limil lest for aminobutanol m ethambutol and
can be used as o general screen for nitrogen-containing drugs in conjunction with
Dreagendaorff reagent, Dragendorll reugent will produce orange spots with tertiary



286

Pharmaceutical Analwsis

amines and may be used o overspruy plates which have been sprayed in the first
mstance with ninhydrin.

Alkaline tetrazolium blue

This resgent isquile specilic Tor corticosteroids producing blue spols ona white
buckeround, The tetrazolium spray is used ina test for relaled loreign steroids in
fluclorelone acemomnide,

Ethanolfsulphuric acid 20%

This reagent is used w produce floorescent spots from corlicosieroids such as
dexamethasone o prednisolone by spraying the plate, heating o 120°C and then
ohserving the plate under WY light at 365 nm.

Applications of TLC analysis
Qualitative identity tests

TLE 15 often used by BP monoegraphs as part of a number of identity wsts performed
on pure substanoes, For extry conlirmation of identity, more than one solvent sysiem
may he used and also different Lypes ol spray reagent may he nsed. Some examples
ol identity checks based on TLC huve been mentioned earler. ‘Table |34 lists a fow
of the compounds which huve their identity checked by TLC and a variety of
location reagents and mobile phases are used o illustrate the face that there is much
less wnsformity about TLC methodology than there is in the case of HPLC or GLEC
methodology.

Table 13.4 Sorne sxamples of idertity tests based on TLC described in pharmacopasial monagraphs

Substance Ctationary Muabile Visuallsation
examined phase phase raagent Comments
Framycetin Silica gel + 10% iy MWaphithalene Rt and colour of the
sulphate carbomer KH, PO, cink'H,50, sample are compared
binder with a pure standard.
The resalution of the
analyte from
streptamycin is checked
Methyl Silica gel Ethee! Uy light Rf and cofours of the
prednisoloneg GF,., tolusne’ 2584 nm then sample and standard
butan-1-al ethanalic ara compared. Alsa Bf
saturated sulphuric acid of an axidation product
will water 120%) + ic used as an additional
B510) heat 1o 120°C check
Aprotinin Sifica gel Acetale buffer  Minhydrin spray  Rf and cofour of the
analyte spot is
compared with
standard
Levamicole Silica gel Torlue ! L light Rf and siza of the spot
H weith acctone) 254 nm obtained is matched Lo
fluoreseent 13,5 M that of a standard
indicator ammania
(:a0:1)
Pentagastrin Silicagel G Analyteis a-dimethyl The Rf of the analyte in
examined by -aminobenz three different mobile
TLE in three -aldehyde in phases is determined
different methanal/HCI and the calour of itx

rmakile phases

spot is matched to that
of the standard
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Fig. 13.7

TLE limit test for
hydrocortiscne in
hydrocartiscne acetata.

Lirmit tests

Where the stucture of the impurity is known

TLC is wsed to perform limil ests for imporities in many pharmacopoeinl
monogpraphs, A TLC limil test 55 bused on comparison between g comcentrated
solotion of an analvie and a dilute solation of an impuority. The intensities of the
spots doe 10 any impuritics i the analyte are compared with the intensicy of a spoc
or spols due o standards spotted separately onto the same plate, Tor the purposes

of the examaples illustrated as follows, inlensity and size are regarded as being
interchangcable. which they are e g large exient, For instance a limig test might be
conducted for hydroconisone in hydrocorlisens scetate as follows: 3 ol of 1% wiv
solulion of hydroconisone acetule are spolled onle the origin of a TLO plate; at
another pusition on the plate. 5 gl of 2 019wy ol hydrocorisone are spotted on.
The TLC plate s developed in the solvent deseribed in Sell-west 13,1 and might
appear a5 shewn in Figure 13.7 when viewed under UV light. In the example shown,
a small ameunt of hydrocortisone impurity can be seen runming below the large spoc
due i hydrocorisone deetale, which is the main component in the sample. [n line
with the position where the bydroconlisene standard was spoited omo the plate, there
is & very [aint spot. In this case the sput for the hydrocortisone impurity in the
sample can be secn w be more intense (larger) than the spot due o the L0719 wiv
hydrocorisone standard and thus the sampls has Gailed (he limal test, This est s a
1% limil test simee Q0L = L0 = 1%,

= - Solven: font
Hydrocoaisone ——.
acetate
Hydrocortisons —————f8 »aiff——————— Hydrocor=ons
irmpairity 1.01% atandard
—| Criggin

¥ xR,
aiTha

' Self-tast 13.4 T 1": R S

A limit test is conducted for hyd rocortisone in hyd racertisane sadium phosphate, 2 ol of 4 1%
wiv salution of hydrocortisone sodium phosphate is compared with 2 0l of & solution
containing 0.02% wiv hydracortisdne standardd using the tolvent system given in Self-test 13.1.

11 What is the percentage limit foer hydragartisong in bydrocortliens sedium phosphate set
by this test?

it Would the spot for the impurity appear above or Beloa the substance belng ezamined?
{see Self-tast 13.1).

anneg {1 557 (1) sy
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Tuble 13.5 shows some BP limit tests for known impuerties used in
pharmacopouial momographs.

Yable 13.5 BP limit tests for known impurities in pharmaceutical raw materials

Test substance Invpurity Limit set (%)
Clotrimazole Chlorotritanc n2
Clotrimazole Imidazcle 2

Cyclizing N-methy|piperazine 0.5
Dexpanthenol F-aminopropanct 5
Ethinyloestradiol Estrome 1.0
Loprazolam mesylate H-methylpiperazine k.25
Mefenamic acid 2 3-dimethyl aniline o
Mexilating hydrochloride 2 B-dimethyl phenol 0.2
Phenoxyrhethylpenicilin Phemylacetic acid (.5

As in the case of hydrocortisone deetate, where hydrisortisone might be expected
Lo e as o result of hydrolysis of the scetale ester, lests Tor the presence of known
impurities are based on the known manufaciuring sequence or on likely degradation
pathways, For example. the tests cartied out on clotrimazole are based on the Tas
slep i its manufacture as shown in Figure 13,8, Unreacted imidazole is an obvious
impurity and chlorotritanol would be readily formed [rom unreacted chlorotrityl
bromide by hydrolysis, which would oceur when the clotfimazole is extraceed from
the reaction mixtene.

OF0. & . 6F0
Ly

Crlorotrityl Bromide Imrdazole Clatrimazole

=—T

Fig. 13.8 |
Synthesis af clotrimazole. |

Most of the examples given in Table 13,5 have similar obvious odgins in the drug
manufacruring process,

Where the structure of the imgurity is unknown
A related type of TLC Timit test s carrigd out where the identitics of impuritics are
not completely certain, This type of test is used, for instance, an compounds of natural
origin or parly natural origin which may contain a range of compounds related in
structurc fo the test substance which are co-extracted with the raw starting material,
For example. the range of synthetic steroids originate from triterpenoids extracted
from plants, which are eatensively modified by fermentation and chemical synthesis,
The assumption which is muade in the type of test described fellowing is fhat the
rciated unknown substances will produce a similar intensicy of spot (o the fest
substance iself at equal concentrations. For example, a limit test is conducied lor
related (Toreign) alkaluids in codeine, which iz extracted from the opium puppy in
which a range of alkaloids ovcur: thus, the exact identity of the impuritics medy nol
be known. To conduct the lest, 10 p] amounts of three solutions are applicd
separstcly to a TLC plate, The solwions contain: 4.0% wiv codeine (Soluton 1],



(.06% wiv codeine {Solutiom 2) and (L0455 wiv codeine (Solution 3). In the test. the
ditute solutions of codeine are used as visual comparatirs For any impurities in the
sample, The plate is developed in ethannlfeyelohexane/T3.5 M ammonia (72;30:6,
is dried and 1s then sprayved with iedobismuthate reagent, wiiich is specific for
nitrogenous drugs. After devalopment and spraving the plate might look ke the
disgram shown in Fizwre 13.9. The conditions set by the limit test are thas:

1) There should be no secondary spot in the chromatoeram of Solotion | which is
mory intense than the spot obtained with Solotion 2.

{ii}  There should be no more than one secondury spol. with o Bt value higher than
that of codeinc., which is more intense than the spol obtained with Solotion 3,

In this test, two [imits are baing set; (LOSM = 100 = |L5% and 00404 = 100 = 1.0%,
This type of test can e a linle confusing gt it sinee there are @ number of
pecmutations thal can lead 1o the sample pussing or [ailing of the test,

Fig. 13.9
TLC limit test for
impurities in codaine.

Irnpuerities |

(1.0 % wif codleing

L~
B . (Salulion 2)
| 0.04% w'v codsine
g [Selutior 3)

4% wiv coclama
(Solution 1)

s

Self-test 135 im0

1'% ‘.!%".‘

g ¥
- .il-l-"‘\--'uﬂ‘-'

Three samples of codeine are analysed as described earfier, which indicate whether the TLC
lirmide tests showwn below pass or fail the samples. Solutions 1-2 appear in numerical crder from
left te rigi,

ii} il il
i Passes since thare iy no spot in the chromategram of Sclution 1 mare intense than the
speot duie taSalution 2.
{1} Fails sin<e the spot at arigin is more intense than the spot due to Solution 2.
(i) Passes since, although one spot above codeine is more inkense than the spot due to
selution 3, there is stitl ne spat more intense than the spot due to Solution 2
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Tests in which known and unknown standards are used

Tuble 13.6 shows some of the othor limit tests set in pharmacopoeial monegraphs
ranging from a simple tesl for o known finpurity o eesis-in which limits are set for
more than one known impurity plus any anknown inpurities which might be

presemt.

Tablze 13.6 Someexamples of pharmacopoegial lirmit tests

Analyte solution

Limit test
{Salution 2}

Limit test
[Solution 3)

Limit test
[Solution 4}

(Solution 1}
10 % iy
procaine HEl
1% Wiy

triameimolone
acetonide

28wl
pramethazine HC|

13 wily
chloramphenicol
paimitate

Mo secondary spot

> (OO % wiv
paming benzoic acid
Nao secondary

spot o 02 % vl
triamcinolone
acetonide

Mo secondary spot

s 02 % wily
isopromethazina. HCI
Mo spot with the
same Rf = 0.02%

wilv chloramphenicel
palmitate isomer,

Mo other spots

= 0.0 % ey
triamcinalone
acetonide

Mo other spots

= 007 % wany
promethazing HC|
Mo spot with the
same Af = 0.02%
wiy chlaramphenicol
dipalmitate

N other spots

= 0.005% wiv
chloramphenicol
palmitate

Perhaps the most detailed pharmacopoeial it rest of this nature is carried oot on
tetracyveline where a 1% wiv solulion i3 spotted onito the TLO plate with solutions of
five stroctrally related retracyelines runging in concentration from 002005 wiv.

High performance TLC (HPTLC)
HPTLC is conducted on TLC plales which are couled with purified silica gel with a
particle range of 2- 10 wm as opposed Lo 225 pm lor standard commercial TLOC
plates. The narrower particle size tangs means thal @ greater number of theoretical
plates are available for separation and thus the spots on the TLC plate remain tighter.
These type of plates may be run in a standard type of TLC tank but optimal
performance 15 obtained from horizontal development of the plales asing aparatus
of the type shown in Figure 13,00,

fitting glasa plate used to

control mobils phase
elliveny

Trough sorikaining
makile prese

Silica gal layer

Mohile phase used
o saturate chambér

Fig. 13.10

Apparatus for HPTLL,

==
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The advuntages of horizontal development arc:

i1} The mobile phase moves more quickly.

(i) The proximity of the plate’s seriace 1008 saturating solulion of muobile phase
means that there is little evaporation of solvent from the surface of the plae,
which in the cuse of vertical development van change the composition of the
mobile phase as it moves up the plare.

tri] o the vertical position, if the plate is not ina saturated stmosphere, solvent ar
the edyge of the plate tends to evaporate drawing solvent from the centre of the
plate and causing the solvent af the edge of the plate 1o migrate mone guickly,
This does not oceur when horizontal development is used.

Applications of HPTLC

L5 possible to use TLC as a quantitative method by using a densitormerer 10 read
spot intensity, Quantitative TLC is best carried out using: high-performance systems.
Densitemeters can be used W guantify compoenents in @ sample on the basis of
Muerescence or ghsorpiion of U light. As discussed above there are a number of
advanlages in using TLC and a major advantage s the ability o run batches of
sarmples which give itan sdvantage over HPLC. HPTLC with fluorcscence
densitometry has been applicd to the analysis of pharmacologically active thiols
ineluding the ACE inhibitor captopril * Compounds such as captopril do not have a
strong chromophore and thus reguire derivatisanon to render them detectable and
thas woeld by troe whether HPLC or HPTLC were being used. In this cxample. the
hioks were reaeted with a thiol-specific reagent which prodoced fluorescent
derivatives (Fig. 13.11] and were then analysed by TLC. Limits of detection for
these compeunds by this method were in the low picogram range.

F =R Fig. 13.11 |
N N Reaction of a thiol with |
] reagent to form a
L2 ? ke + tHuorescert derivative. |
M N '
50, 807 ‘

A HPTLC assay for nfimpicin (R, isoniazid (1) and pyrazinantide (7
{Fig. 13.12) in & single dosage form was reporled.® Pharmacopoeial methods only
allow for the determination of cach analvte in separate dosage forms. The HPULC
method was also able to resolve nfampicin from two of its named impurities. The
analyles were guantified by densitometry by rocasuring absorbance at teo different
wavelengths, The precisions reporled [ur quantification of the analytes were
R+ 175, I+ .58 and P+ 1.07, which compured guite favourably with an HPLC
miethiod for the same dosage form. Figure 12,12 shows a densitogram for K, its
rélated substances, desucely] rifampivin (DAR) and rifsmpicin quinone (RCY) and
Fand P Thus HPTLC can be used for the quantitative analysis of mixtures which
include large and comples molecules such as nifampicin,

Howould e possible 1o vun many currenl pharmaceotical limat tests with & much
ligher degree of accumey und precision i HPTLC methods were osed.
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Densitograrn of the
HPTLEC separation af
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substances and isoniazid
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