Idaho State Police
Forensic Laboratory Training Manual
Thin Layer Chromatography

1.0.0 Backround

Thin layer chromatography (TLC) is an analytical technique that often offers a quick and easy
separation of chemical compounds, The forensic chemist uses this technique primarily for
screening drug samples and for isolating active constituents from solutions containing two or
more compounds, TLC is especially applicable to drugs that cannot be analyzed by gas
chromatography (GC). LSD, for example, may degrade on some GCgtlumns; but is easily
detected by TLC and sufficient quantities of the drug can be separ and isolated by TLC for
further confirmatory techniques. @\

TLC is a physicochemical separation method. Since the t@hmque is identical to the function
of a micro column, the theoretical aspects of column ac@pnon chromatography are also
applicable to TLC. The thin separatory layer (statlc@ ph se) is usually placed on a support

plate of glass. After dissolving a small portion nxtme with an applopuate
solvent, the solution is applied, as a spot, at th taLt ' the plate, i.e., at the “origin.”
All necessary drug standards are spotted a % ori ar casionally, a combination of the

sample and standard solutions applled sm 0 rify chromatography resolution).

After the "spots" have dried, the pld C tank containing a suitable solvent
(mobile phase or solvent system ,@an mediately covered and separation takes
place as a result of caplllaly n 10n e e@nt process). As the mobile phase moves
over the adsorbed spot, the @1 15 d and constituents present in the spot may be
desorbed. The more ti @ads%\l unds are desorbed to a lesser extent than the more

loosely absorbed oth ili m is established as the redissolved compounds are
carried to the edge eg W ey come into contact with fresh adsorbent,
Throughout this sition of the mobile phase is continuously altered by the

inter change ompo &em the adsorbent and the mobile phase. Whenever two
compoun orb at the sanie site, the compound that is more strongly adsorbed, will
displaﬁ‘ other. The displaced compound will then form a spot further away from the

origi e more similar the adsorptive properties of two compounds are, the more difficult it
ismparate them. Compounds having neatly identical propetties cannot be separated under
most TLC conditions.

At the termination of the development process, the plate is removed from the TLC tank, air-
dried and visualized (detection process). Under given conditions of temperature, solvent
system and type of adsorbent, the chromatographic behavior of sample constituents is
described in terms of “Rf” values. The Rf value is a characteristic of a particular substance
and is described as the ratio of the distance traveled by the constituent to the distance traveled
by the solvent, This can be expressed as follows:
Rf =  distance the (spot center) of the constituent traveled from origin

distance the solvent front (mobile phase) traveled from origin
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Distance for calculating Rf values are usually measured in centimeters. Since Rf values are a
function of a number of variables, they should be considered only as guideline values.

Absorbents

Many adsorbents are used in TLC. These include silica gel, alumina, diatomaceous earth
{(kieselguhr), cellulose, magnesium silicate (florisil), ion exchange resins, and polyamide
powder. These adsorbents may be purchased with or without either a binder (5-15% calcium
sulfate, starch, or carboxymethylcellulose) and/or an inorganic fluorescent substance, The
adsorbent is applied to a backing as a uniform coating. The most common support is a glass
plate, but other supports such as plastic sheets and aluminum foil are also used.

Silica gel is the most popular adsorbent used by forensic chemists. It i.@lightly acidic in
nature and works quite well for separating alkaloids. e
\)

Today, commercially available pre-coated TLC plates are wj @\wed in forensic laboratories.
Their popularity may be attributed to their high degree of coating uniformity, convenience,
and moderate cost. Commercially available TLC plates eo#he in a number of variations in
order to facilitate their use for different drugs or diff classes of diugs. Each variation is
designated by the use of a specific suffix hlghllghtc\@)n theearton label. The suffixes “607,
“00”, or “150” indicate the mean pore dldme {{%9) 1&Q‘ he suffix “G” indicates a
calcium sulfate (gypsum) binder and “HL” llCO (E& iminum oxide binder. The
designation “F” indicates a fluorescent 1;{@%0 the adsorbent, and the subscript
number (i.e., Fasq) gives the exc1tdt1 vele fewing the quenching of a fluorescent
background. The letter “P” is the }9@ preparative thin layer chromatography,
while “R” indicates a spec;ally cb rb ” indicates a silanized gel for reverse-
phase work. It is very 1mp01 se&) the@pm type of pre-coated plate for a particular

drug group.

&0 &
Variables Which {C es and Separation
A number of fac an

g@ac % producibility of Rf values and resolution so actual results
may vary fron l@ldt al d may also vary from run to run. For this reason, it is
preferable @;\ actual sta@ s alongside unknown samples rather than make identifications
based ob@i ulated Rf values,

S(@\of the factors that can affect the reproducibility of Rf values and separation quality are:
l. The relative humidity and ambient temperature of the TL.C system,

2. The degree of activation or the moisture content of the adsorbent,

3. The moisture content in the solvent system,

4, Accidental contamination of absorbent or solvent system,

5. Thickness of the adsorbent layer,

6. Presence of impurities (including undesirable commercial ingredients such as
binders and preservatives) in the adsorbents or solvents used,

7. Possible reaction between the sample spot on the TLC plate and the solvent
system, which may be further aggravated in the presence of the adsorbent
material,

8. Sample degradation,
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4.0.0

9. Variation in the properties between adsorbent batches,

10. The pH of the adsorbent and/or solvent system,

11, Chamber design or the degree to which equilibration is achieved and

maintained within the chamber, and

12. The drying conditions of the TLC plate.
Of the above twelve factors, the most commonly encountered are contamination and
extraneous water in the adsorbent. The finely divided adsorbent provides a large surface area,
which can rapidly pick up any organic vapors in the atmosphere. These organic contaminants
are often observed as a dark band at the solvent front, and are rarely serious enough to cause
problems when monitoring the movement of different components with the solvent front,
Another form of contamination that may be encountered is oil from the hands caused by
careless handling of the plates before development. Oil from the handggan be transferred to
the edges and back of the plates and dissolved by the solvent syste%QAs the solvent moves
up the plates, the oil is deposited throughout the adsorbent. 6

%
The amount of water present in the adsorbent, the sample, a%or the solvent system is
probably the most important variable in TLC. The prese ¢ of excessive moisture can lead to
distortion of the TL.C separations, resulting in non- rgwlﬁtcibie results, Moisture is present in
ter of hydration, and (3) free
&ating the thin layer plate to
éin the free state is not
t should be recognized, however,

. Water of hydration, if calcium

the adsorbent in three forms: (1) water of consti ﬁ
water. The free water can be removed from t

105°C for one hour (preferably in a forced c@ft ovgn):
necessarily detrimental to the chromato w@hlc §@1 ati
that the water level must be consiste @m to

sulfate is the binder, can be 1emo at C for one hour. The water of
constitition can be removed b to 500°C for several hours. In most cases, the
water of hydration and the é are allowed to remain while the free water is

removed by drying at 105§ 01 y&, hile always a potential problem, the moisture
content of TLC plates lel md els that necessitate pre-drying of the plates prior to
routine use,

Ext;aneou sm 9116 @% uced to the plate by blowing the dust from the plate,
Lesultmg i sture flom reath being condensed onto the plate. Water may also be
introdu t the point of sample application if the plate is not dried long enough to allow the

wateyr €0 Evaporate after it has condensed from the atmosphere. The developing solvent may
alS¢ contain water.

Solvents

Suggested Reading Reference (2) lists the most common TLC systems used for isolating
numerous drugs. For each TLC system, all of the required conditions are described, e.g., the
type of plate to use, sample preparation prior to spotting, solvent system, equilibration time,
development distance, and the visualization method. Additional solvent systems applicable to
drug analysis can be found elsewhere in the literature.

On infrequent occasions, external conditions, such as insufficient humidity, high temperature,
etc., may lead to chromatography where component Rf values are consistently higher or
lower. To a limited extent, this can be corrected by modifying the solvent system. For most
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drug applications, reducing the polarity of the solvent system will reduce the Rf values, and
increasing the polarity of the solvent system will increase the Rf values. Care should be
exercised when attempting to modify a solvent system since resolution may become adversely
affected.

Visualization of the Developed Chromatogram

The first two steps in performing thin layer chromatography are spotting and development, but
results cannot be evaluated without visualization. Spray reagents, which visualize certain
chemical groups, are quite common in most analytical laboratories. They are suitable for
detecting the drug in question, but since most of these reagents react with certain organic
groups rather than with particular classes of drugs, considerable caution should be used in
assigning specificity to their use. For example, ninhydrin, a general reagent for the detection
of primary amines, is not specific for amphetamines, since positiv \g@tmns can occut from
any primary amine. Therefore, it is important to establish the id 1cation of a TLC spot on
the basis of a sample/standard comparison (i.e., the color an I@ lues with those of known
drugs spotted on the same plated on which the unknowns &e spotted.)

In addition to the chemical visualization method me; ed bove, physical detection methods
can also be used with many drugs, For example, gﬁne LSD fluoresce naturally when
they are exposed to long-wavelength UV light l@ 1esccnt properties, it is
possible to detect them without chemlcally ung l@ Some pre-coated plates are

available with fluorescent indicators, w dn @ased tect substances absotbing at
particular wavelength. For exampie lm ﬁ fluoresces when exposed to UV
orbing this wavelength will contrast
he msh yeHow fluorescing background.

light of 254 nm wavelength. Ther
shatrply by appearing dark whlierég n
After the spots have been Vl% K@% mpaled with the proper reference standards
and controls. O &
N2

Elution of TL.C S
A secondary adv X @lt it permits elution of the migrated spots from the TLC
plate for furth ) l% h this is now being superseded by preparative high

Uld chiom a

performan phy (HPLC), the method of TL.C spot elution warrants
mentioniig/because of its smlphcﬁy and because it can serve as an alternative.

A@%ntioned above, LL.SD can be isolated in sufficient quantities by streaking a sample
extract onto a TLC plate and developing with the proper solvent system. The developed
streak (conforming to the Rf for standard LSD) is scraped from the plate, transferred onto
filter paper, and washed with a solvent to retrieve the LSD for fusrther confirmation by a
technique such as infrared spectrophotometry (IR). This identification can be accomplished
within the time span of about an hour. (Because LSD free base is subject to slow degradation,
elution and final identification should be performed immediately and without delay.)

Readings

1. Clark, Isolation and Identification of Drugs, 2nd ed., pp. 160 — 177, pp. 206 elution list.

2. Four articles dealing with TLC of LSD isomers, Microgram, Vol. VII, Dec 1974, pp. 149 -
155.
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3. R.Tandon, "A New Solvent System For The Separation of Cocaine From Other Alkaloids
by Thin Layer Chromatography, Microgram, Vol. XI, May 1978, pp. 82 - 87.

4, J. Delattre, B. Van Hoeck, "Thin Layer Chromatographic Separations of Heroin Mixtures,
Microgram, Vol. XIII March 1980, pp. 36 - 39.

8.0.0 Exercises:

1. Compile a list of the TLC visualizing agents most commonly used in drag analysis. Also
indicate the applications, advantages, and disadvantages, potential hazards, and safety
considerations of each agent.

2, Spot LLSD on a TLC plate. Irradiate the spot for 5 minutes with a UV light. Spot LSD
again nex( (o the irradiated spot and then develop the plate in a solutipn of 9 parts
chloroform and ! part methanol. Explain the results. O

3. Evaluate by a TLC system suggested by literature: A\

a) Mixture of cocaine and lidocaine @

b) Mixture of methamphetamine and amphetamine %

¢) Mixture of methamphetamine and ephedrine é\o

d) Mixture of psilocyn and psilocybin

e} Mixture of LAMPA (LSMP) and LSD

Document your answers by photocopymg @ d indicating approximate
location of the spots. Also indicate the (@r used and the mode of

visualization, @

9.0.0 Questions:

L.
2.

3.

i

o

9.

10.
11
12,

Using non-technical terms, descu \ u to ajury.

Why is spot size important wh & o not contain a pre-adsorbent area? How can
spot size be minimized?

What effect, if any, wil \Qg?e en 1 hdve on TLC results? Explain.

What is the best way sel ults of a thin layer chromatogram?

Why do spots thl a atg&g f gencmlly have a larger diameter than those with low Rf
values? @

What is the p Asf: of the bl@l on TLC plates?

What is m@@@ei‘?

Is TLC ys a form of adsorption chromatography? Explain.
Wha@ eant by "chamber saturation" and equilibration?

What is preparative TLC and how is it performed?

How can the chromatographic properties of TLC plates be modified?
When can TLC be used to identify a controlled substance?
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