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Foreword 

Among the various methods for the scientific examination of works of 

art, thin-layer chromatography is a unique and useful tool. It is a 

simple and fast method for visual assessment of a wide variety of sub

stances. Most recently, the ability to provide quantitative results 

has significantly improved its use and application. The need for a larger 

sample size than that required for other methods is offset by the speed 

with which the analysis can be undertaken. 

This publication is the outcome of research methods and 

techniques developed at the Getty Conservation Institute in recent 

years. The research was used as the basis for a successful course taught 

at the Institute aimed at making the technique more accessible and better 

known by conservators and conservation scientists. 

Since its inception, the Getty Conservation Institute has 

sought ways of making accessible to practicing conservators scientific 

research methods that bridge the gap between high-level technology and 

everyday practice.  By offering a step-by-step approach; detailed descrip

tions of techniques, analyses, and interpretations of results; and a 

selection of protocols, the authors of this publication have contributed 

significantly to that end. They bring to the conservator's studio 

knowledge and research findings amassed in the laboratory over the 

course of several years. 

This is the first of the Getty Conservation Institute's Scientific 

Tools for Conservation series, publications designed to provide practical 

procedures and methodologies in the field of conservation. 

We are particularly grateful to Mary Striegel and Jo Hill 

for their dedication and effort in the development of this research, 

Dusan Stulik for his unhampered enthusiasm and guidance in this area, 

Dinah Berland for coordinating this publication, Anita Keys for 

production coordination, Nomi Kleinmuntz for editing the copy, and 

Garland Kirkpatrick for design. 

Comments from our readers will help improve future 

publications and assist the Institute in directing its efforts toward areas 

of benefit to the conservation profession and related fields. 

Miguel Angel Corzo 

Director, The Getty Conservation Institute 





Preface 

This book is the result of research and development efforts for "Methods 

in Scientific Examination of Works of Art: Thin-Layer Chromatography," 

a course held at the Getty Conservation Institute from 28 February to 4 

March 1 994.  The course familiarized conservators and conservation 

scientists with thin-layer chromatography (TLC) as a method of binding 

media analysis. This course was organized jointly by the Training and 

Scientific Programs of the Getty Conservation Institute and was the 

second workshop in the series titled "Methods in Scientific Examination 

of Works of Art ."  

The theory, practical techniques, and standard operating 

procedures for thin-layer chromatography as applied to conservation 

problems are detailed in this publication.  It is divided into two parts: the 

handbook and the protocols. The handbook serves as a primer for the 

basic application of thin-layer chromatography to the analysis of binding 

media, adhesives, and coatings found on cultural artifacts. In the second 

part, the protocols provide step-by-step instructions for the laboratory 

procedures involved in typical analyses.  

The authors wish to thank the team who assisted in the 

endeavors associated with the course and this publication. They include 

Marta de la Torre, Michele Derrick, Valerie Dorge, Henry Florsheim, 

Melena Gergen, Cecily Grzywacz, David Nurok,  Andrew Parker, 

Michael Schilling, Dusan Stulik, Arie Wallert, and Blanca Zimmerman. 

We would like to thank the conservators and institutions who provided 

samples detailed in this report, including Leslie Bone, M.  H.  de Young 

Museum; Eugenia Ordonez, Museum of Modern Art; and Brian 

Considine and Jerry Podany,]. Paul Getty Museum. 

We also wish to thank Chandra Reedy for the Introduction 

to this publication. 

Mary F. Striegel 

Jo Hill 





Introduction 

In the study and conservation of art and artifacts, natural organic 

materials are frequently encountered in components such as coatings, 

binders, and adhesives . The identification of these materials is often 

crucial in the effort to characterize the technologies employed by artists 

and craftspeople, to understand deterioration processes and causes, 

or to plan an appropriate conservation treatment. Yet, many institutional 

and private conservation laboratories have restricted analytical facilities, 

personnel, and budgets, putting many analysis techniques beyond their 

reach. Thin-layer chromatography (TLC) can help fill this gap. 

TLC is used to separate components in a mixture and to 

identify unknown materials by comparing their separation pattern to that 

of known reference materials. It has been used to identify a wide range 

of materials relevant to art and artifacts. TLC holds advantages over 

many alternative analytical techniques in that it is relatively simple, 

rapid, and inexpensive to perform. The practicality of setting up facilities 

to conduct TLC means that it is within the reach of essentially any 

laboratory, unlike many other analytical methods. Thus, wider dissemi

nation of practical information about TLC can greatly affect the 

type and amount of research that can be done with art and archaeo

logical objects. 

This book derives from materials originally prepared for 

a course on TLC for conservators that was offered by the Getty 

Conservation Institute in 1 994,  with Mary Striegel as the principal 

instructor. The information is therefore presented in a didactic manner. 

The book gives the theoretical background of the technique, along 

with practical information about how to apply TLC to art materials .  The 

text is clearly written and logically organized and comprises a well

rounded presentation. 

The authors stress that TLC is not new to conservation. They 

review the basic theory of the technique and its place among other 

chromatographic techniques. They also briefly summarize past applica

tions of TLC to the analysis of art materials . However, one purpose 

of this publication is to update the conservation field on recent advances 

in TLC that are pertinent to the analysis of relevant materials, such as 

binding media, varnishes, and adhesives. Thus, there is an emphasis on 

new approaches that have appeared in the analytical chemistry literature 

in recent years. Information from that literature has been extracted 

for this publication and discussed in the context of its application to 

art materials. 
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Another purpose of this book is to provide practical infor

mation in a format accessible to conservators and other nonchemists 

interested in learning how to perform TLC themselves. One way in which 

the book fulfills this function is to present a series of protocols that serve 

as step-by-step guides for conducting TLC. Protocols for the identifi

cation of proteins, carbohydrates, waxes, and resins include: an overview 

of what can be accomplished with the protocol, a flow chart detailing all 

major and supporting operations, a list of equipment and supplies 

needed, sample requirements, detailed descriptions of preparation and 

analysis procedures, and a discussion of how to interpret results. 

Additional protocols cover written documentation of TLC plates, photo

documentation of plates using visible or ultraviolet light, application 

of sample material to the plates, evaluation of plates, and the prepara

tory steps of acid hydrolysis of carbohydrates and vapor phase 

hydrolysis of proteins . 

The authors note that other protocols may also be useful, and 

that the ones given may need to be modified to take into account the 

development of new chromatographic materials and methodologies or 

limitation of available materials and equipment. Thus, readers are 

encouraged not to be rigid in the application of the protocols but to 

modify them as needed. This is a theme found throughout the book-that 

it is desirable for an analyst to understand the theory and application 

of TLC well enough to feel comfortable modifying the protocols 

presented here or elsewhere in the literature in order to meet specific 

individual needs. 

The protocols are provided to supplement descriptive text 

covering the analysis of specific categories of materials. Descriptions 

include discussions of relevant example analyses. Bibliographic refer

ences are made to literature in conservation, forensic science, and chem

istry. The detailed glossary at the back of the book will be of special 

help to the beginning analyst. 

This publication is certain to be useful in courses at conser

vation training programs where TLC is taught. It can also be used by 

conservators, conservation scientists, or other professionals conducting 

research on works of art, archaeological objects, or ethnographic arti

facts. It will be helpful to those who wish to independently learn TLC or 

to supplement courses they have taken in chromatographic techniques 

with information directly pertinent to their work. 

Chandra L. Reedy 

Professor, Ph.D. Program in Art Conservation Research 

University of Delaware 
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Chapter 1 

An Overview of Thin-Layer Chromatography 

The purpose of this chapter is to present an overview of thin-layer chro

matography (TLC ) ,  including: 

• The relationship of TLC to other chromatographic 

techniques 

• The history of TLC 

• Important aspects of the method 

Thin-layer chromatography is a separation technique that involves 

several steps. First, a solution made from a sample is applied to a coated 

plate. The carrier solvent of the sample solution evaporates and deposits 

the sample in a small spot or zone at the origin of the plate. The plate is 

then placed in a sealed vessel containing a small volume of an appro

priate solvent mixture. As the solvent mixture travels up the plate by 

capillary action, the components from the sample travel up at different 

rates due to their interaction with the coating on the plate ( the stationary 

phase ) and the moving solvent system (the mobile phase ) .  This process is 

called the development of the plate. The plate is developed to achieve 

separated spots or bands. The plate is then removed from the solvent 

system, and the components of the sample are visualized. This usually 

involves reacting the component with a reagent that produces visible or 

fluorescent spots when observed under either normal or ultraviolet 

l ight. This pattern of spots seen for the binder sample is called 

the chromatogram. 

Comparison of TLC to Other Chromatographic Methods 

TLC is but one of a group of techniques that are based on chromato

graphic principles.  Chromatography literally means "color writing. "  

The term represents the early approach i n  chromatography b y  botanist 

Michael S .  Tswett in 1 903 .  Tswett separated red and yellow plant 

pigments from an original green extract of spinach leaves on a calcium 

carbonate column by adding an eluting solvent of petroleum ether and 

alcohol. Distinct colored bands or zones were seen on the column as the 

solvent flowed through it.  In time, a number of different types of chro

matographic techniques arose from a common principle ( the distribution 



6 

Figure 1.1. 

A general classification scheme of chromato

graphic techniques. G SC = gas-solid chromatog

raphy; GLC = gas-liquid chromatography; LSC = 

l iquid-solid chromatography; LLC = l iqu id- l iquid 

chromatography; BPC = bonded-phase chroma

tography; IEC = ion-exchange chromatography; 

EC = exclusion chromatography; TLC = thin

layer chromatography; PC = paper chromatog

raphy; G PC = gel-permeation chromatography; 

and GFC = gel-fi ltration chromatography. 

Striegel . Hi l l  

of an analyte between a stationary and a mobile phase ) .  Chromatography 

is essentially a physical method of separation in which components of a 

material are distributed between two phases. One phase is stationary 

( stationary phase ) while the other ( the mobile phase ) percolates through 

it in a definite direction (Poole and Poole 1991 ) .  As the mobile phase 

moves, the components are displaced from the origin and separate from 

each other. A distinction between chromatographic techniques ( see Figure 

1 . 1 )  can be made based on the nature of the mobile and stationary 

phases ( Grinberg 1 990 ) .  

I n  general, the mobile phase can b e  a gas, a s  i t  i s  i n  gas chro

matography (GC) ,  or a liquid, as it is in high-performance liquid chroma

tography (HPLC) or planar chromatography ( including TLC ) .  The 

stationary phase is usually a porous solid of high surface area. It can be 

packed densely into a column or can be spread evenly on a planar 

support. The stationary phase can be chemically modified to change its 

reactivity or used as a support for a thin film of liquid. For TLC, the 

stationary phase is spread as a thin, homogeneous layer on a flat plate of 

glass or similar inert backing, and the mobile phase moves through 

the layer by the action of capillary forces. 

TLC is generally regarded as a simple, rapid, and inexpensive 

method for the separation, tentative identification, and visual semiquan

titative assessment of a wide variety of substances. In recent years, TLC 

has come to rival HPLC and GC in its ability to resolve complex mixtures 

and to provide quantitative results. The evolution of the technique has 

included improvements in the quality of the TLC plates and detection 

reagent application techniques, the introduction of new stationary phases 

and approaches in plate development, and the design of sample appli

cation equipment and densitometric scanning. 

TLC is compared to other chromatographic techniques in 

Table 1 . 1  and is discussed here; additional details can be found in other 

sources ( Fried and Sherma 1986a ) .  

TLC offers many advantages over paper chromatography, 

which is limited to the use of cellulose as a stationary phase . TLC 

utilizes a range of sorbent layers that offer superior resolution, speed, 

and sensitivity. 

GSC 

I 
Gas 

GLC 

LSC 

Chromatography 

I 

LLC BPC 

I 

I 
Liquid 

I 
Column 

IEC 

I 
EC TLC 

� 
GPC GFC 

I 
Planar 

I 
PC 
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Thin-layer Paper High-performance 
chromatography chromatography liquid chromatography 
(TLC) (PC) (HPLC) 

Methodology Planar t echni�e using Planar technique Closed column system; 
thin-layer sor ent; limited to paKer as a samples are introduced 
many types of sorbents stationary p ase sequentially into a mobile 
are commercially liquid; the stationary phases 
available available are similar to 

those used in TLC 

Sample Size 500 /lg to 1 mg 500 /lg to 1 mg 1 /lg to 10 /lg 

Cost Minimal equipment and Low cost Requires specialized 
chemicals needed, instrumentation for analysis 
which leads to low cost and needs larger volume of 

solvents, whiCh lead to much 
higher cost 

Speed Up to 72 samples can be Ut to 18 samples on a Number of samples limited to 
separated on one flate 2 x 20 em sheet of elution time of each sample, 
using a horizonta TLC paper since the samples are 
chamber, which leads to introduced into the system 
higher sample one at a time 
throughput and lower 
analysis time 

Resolution Superior to PC and Lower resolution Superior to TLC and PC 
lower or equal to 
HPLC, depending on 
system used 

Sensitivity Lower sensitivity than Lower sensitivity Much higher sensitivity due 
HPLC than HPLC, and m to the use of instrumental 

some cases lower detection, such as flame 
sensitivity than TLC ionization detection (FID) 

Table 1.1. 

A comparison of thin- layer chromatography, paper chromatography, and high-performance l iquid chromatography. 

HPLC and TLC are similar in that the mobile phase, the 

stationary phase, and the separation mechanism are identical. While 

HPLC and TLC are considered complementary techniques, HPLC is 

considered more efficient than TLC in separating components.  Also, an 

HPLC system is a closed system that allows for greater control of the 

mobile phase velocity. Advantages of TLC over HPLC include higher 

sample throughput due to simultaneous analysis of samples, and the flex

ibility and versatility of development and detection steps . More solvents 

can be used as mobile phases in TLC because the solvent is completely 

evaporated before detection and the plate is used only once_ Also, TLC 

uses a much smaller amount of solvent for each analysis, minimizing the 

costs of solvents and waste disposal. 
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The main advantages of TLC are its low cost and the relative 

speed of analysis. The materials needed to perform TLC are minimal. 

They include a development chamber, chromatographic plates, solvents, 

detection reagents, and reference materials. Also, TLC can be applied to 

the detection and identification of a wide range of materials, like those 

found in binding media. 

Disadvantages of TLC analysis include the need for a larger 

sample size and its lower sensitivity in comparison with other methods, 

such as HPLC or GC. For binding media analysis by TLC, the sample size 

is usually 500 fLg. For paint samples that contain a low binder concen

tration, samples up to 1 mg in size may be needed. 

The History of Tle 

The development of modern thin-layer chromatography has its begin

nings in liquid chromatography. Like most scientific methods, chroma

tography evolved from initial phenomenological observations, 

through early empirical research and the study of the underlying theo

retical principles, and finally, advancements in technique. While the 

Russian botanist Tswett is generally credited with the discovery of chro

matography for his work in the separation of plant extracts on a column 

of sorbent, others observed the phenomenon of separation before Tswett. 

For example, in 1 844 C. Matteucci observed the rings left by a drop of 

chocolate on a piece of paper. In 1 8 50 the German dye chemist 

F. F. Runge recognized the possibility of separating inorganic ions when 

he observed their migration through paper. He initially described the 

forces responsible for the separation as the "living forces," but later 

attributed the phenomenon to capillary forces (D '  Ascenzo and Nicolini 

1 990 ) .  Tswett's contribution to chromatography was the understanding 

of adsorption, which led to chemical separation by liquid column 

chromatography. 

Although chromatographic techniques were little used for the 

next thirty years, in the 1 930s  they were reintroduced by biochemists. In 

1 94 1 ,  A.  J .  P. Martin and R. L .  M. Synge introduced partition chroma

tography. They found that they could separate amino acids successfully if 

a water phase was held stationary by adsorbing it on silica gel, while 

permitting a mobile chloroform phase to flow over it. Thus they 

described the use of a liquid stationary phase with a liquid mobile phase 

and suggested that a gas might also be used as the mobile phase. In 1 952,  

Martin and Synge were awarded a Nobel Prize in chemistry for their 

theoretical development of partition chromatography ( Brooks 1987) .  

The development of TLC can be divided into three eras: the 

early years ( 1938-195 1 ) , the classical period ( 195 6-1980) ,  and the 

modern period ( 198 1 to the present) .  Figure 1 .2 shows a time line for 

the history of TLC. 
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Figure 1.2.  

An Overview of Thin-layer Chromatography 

C Matteucci observes the separation of chocolate on paper. 

F. F. Runge separates inorganic ions on paper. 

present 

M. S. Tswett, a Russian botanist, separates colored plant pigments on a column of calcium carbonate. 

N. A. Izmailov and M. S. Shraiber use thin layer on microscope slides. 

A. J. P. Martin and R. L. M. Synge introduce partition chromatography, for which they receive 
a Nobel Prize in chemistry in 1952. 
M. O'L. Crowe uses thin layer in a petri dish for separation of plant extracts. 

J. W. Sease adds fluorescent detector to sorbent layer for detection of colorless compounds. 

J. E. Meinhard and N. F. Hall improve thin-layer chromatography by adding binders to adhere 
alumina to microscope slides. 

J. G. Kirchner and colleagues introduce and improve sorbent layers for TLC 

J. M. Miller and J. C. Kirchner develop numerous visualization reagents for in situ detection 
of separation zones. 

Egon Stahl introduces silica gel as a sorbent layer and publishes his work titled 
Thin-Layer Chromatography. 
Stahl works with manufacturers to introduce commercial materials for TLC 

Thin-Layer Chromatography: A Laboratory Handbook is edited by Stahl, who popularizes the technique. 

A variety of development chambers is introduced, including linear tanks and horizontal chambers. 

Instruments for scanning densitometry appear. 

Commercial production of high-performance TLC plates leads to improvements in practice and 
instrumentation. 

New methods of sample application are introduced, including the contact spotters by D. Fenimore. 

New approaches to plate development appear. Pressurized ultramicro chamber is introduced. 

Automated methods of plate development are created, including the Automated Multiple 
Development System (K. Burger). 

Sophisticated methods of detection are introduced by coupling TLC with other analytical methods. 

Methodology for coupling TLC to Mass Spectroscopy is first described. 

Flame ionization detection is used for samples of low volatility that lack a chromaphore for detection. 
Separation is performed on quartz rods coated with a sorbent sintered into the surface of the rod. 

A time line for the h istory of thin-layer chromatography. 

9 
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The Early Years: 1938-1951 

The first reported use of a thin layer was in 1 93 8  by two Russian 

workers, N. A. Izmailov and M. S. Shraiber. They separated plant 

extracts on a slurried adsorption medium spread to a 2-mm-thick layer 

by spotting an alcoholic plant extract in the center of the layer and 

observing rings as the solution spread.  Adsorption media that they tried 

included chalk, talc, magnesium oxide, lime, and aluminum oxide. This 

method is now called circular chromatography. They found that the 

results obtained by this method were qualitatively the same as those 

obtained by the usual chromatographic adsorption method of analysis. 

This work was later reviewed in 1 94 1  by M. O'L. Crowe, who reported 

that he and his colleagues had been using a thin layer of adsorbent in a 

petri dish and achieving similar results ( Stahl 1969a ) .  

The fledgling technique was then improved b y  the addition of 

binders to the sorbents. This was first reported in Analytical Chemistry 

by J. E. Meinhard and N. F. Hall in 1 949. They used a binder to adhere 

alumina to microscope slides, and separated inorganic ions by drop chro

matography. At about the same time, J. G. Kirchner and his colleagues at 

the U.S .  Department of Agriculture were working to determine the chem

istry of orange and grapefruit flavors. They initially attempted to 

separate the chemicals that produced flavor by using paper chromatog

raphy. They also experimented with impregnating the paper with silicic 

acid. Kirchner had a habit of clipping interesting abstracts out of 

Chemical Abstracts. One day, when one of Kirchner's colleagues was 

quite frustrated about a difficult separation, Kirchner reached across his 

desk, picked up the abstract of Meinhard and Hall's work, and said, "Try 

this" (Kirchner 1979) . After experimenting with the findings in the 

abstract, Kirchner and his colleagues found that silicic acid bound with 

amioca starch gave a satisfactory layer for TLC. He continued his work 

with sorbent layers on glass plates and developed TLC essentially as we 

know it today ( Fried and Sherma 1986b ) .  Kirchner also observed that in 

order to obtain reproducible results, conditions had to be standardized. 

For instance, he showed that silicic acid must be screened to remove 

coarse particles, and that it is necessary to run standards to verify that 

the layers are properly prepared. Standards also serve as references when 

comparing Rfvalues ( see page 1 4 ) .  

Another early improvement to the technique was the 

methodology developed to assess the chromatogram. Colored separated 

zones are visible, but many substances are colorless. To cope with this 

problem, research on the detection of chromatographic zones progressed 

in two main directions: physical methods and chemical methods. 

The addition of an ultraviolet fluorescing agent to the thin layer, an 

example of a physical method, was first reported by J. W. Sease (Sease 

1 947) .  Numerous spray reagents were then studied for other com

pounds. These spray reagents aided in the detection of chroma

tographic zones by chemical reaction with the substances .  In situ 

reactions, including oxidations, reductions, hydrolysis reactions, and 

the preparation of derivatives, were reported by J .  M. Miller and 

J .  G.  Kirchner in 1953 .  



An Overview of Thin-Layer Chromatography 1 1  

The Classical Period: 1956-1980 

Perhaps more than any other scientist, Egon Stahl advanced the tech

nique of thin-layer chromatography. Stahl was born in 1 924 in Germany. 

He was the author of more than 1 50 scientific papers on the components 

of medicinal plants, chromatography, and related scientific methods. 

After World War II, Stahl analyzed drugs, tinctures, and medicinal plant 

extracts for a pharmaceutical company. This work led him to the use of 

paper chromatography. Later, he realized that layers with very small 

pores and fine grains were needed to separate some chemical compounds. 

First, he tried using cigarette paper, and later experimented with 

magnesium grooves and rods and aluminum oxides. He succeeded in his 

separations when he spread fine-grained aluminum oxides and silica gel 

onto glass plates. While he knew that this new form of chromatography 

was very similar to column chromatography, he slowly came to under

stand additional influences, such as the thickness of the layer, the length 

of the run, chamber saturation, and other conditions. In 1 956,  he 

published a first work with the title "Thin-Layer Chromatography" in a 

professional magazine called Die Pharmazie. Thus, the technique was 

named, but it did not immediately find wide acceptance .  

Stahl lists the following reasons for this lack of acceptance: 

I asked myself why it did not find acceptance and thought the 

following reasons responsible: absence of commercially 

available standard adsorbents of narrow range of grain size 

for thin-layer chromatography; absence of suitable equipment 

for preparing thin layers; and absence of suitable examples 

stimulating the use of the method ( Stahl 1 979) .  

H e  kept these points i n  mind a s  h e  continued his research. I n  1 95 8 ,  a 

basic kit for TLC was manufactured by DESAGA, and "silica gel plates 

according to Stahl for TLC" were manufactured by E.  Merck. At this 

point, the method became more popular, and by 1 962 so many papers 

had been published that Stahl edited the first laboratory handbook on 

TLC, Dunnschlicht-Chromatographie, ein Laboratoriumshandbuch . A 

second edition, which was translated into English in 1 967,  contained 

more than one thousand pages ( Stahl 1969b ) .  A major breakthrough in 

the field came in the early 1960s when convenient precoated plates 

became commercially a vaila ble. 

This was also a period of time when a large variety of TLC 

chambers were designed for various applications.  These chambers 

included tanks for ascending, descending, and horizontal development, 

and tanks for electrophoresis. Linear development tanks for ascending 

development included the twin-trough N chamber, which has a glass 

ridge down the center, and the sandwich chamber, also called the 

S-chamber, which has a second glass plate about 1 mm from the surface 

of the TLC plate. Some commercially available sandwich chambers can 

be used in the horizontal mode of circular development. Another type of 

horizontal chamber, the BN chamber used for the continuous flow tech

nique, was described by M. Brenner and A. Niederwieser in 1 96 1 .  
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Instruments for scanning densitometry using absorbance or 

fluorescence measurements in the reflectance or transmission mode first 

appeared in the mid- 1 960s.  This was initially reported by M. S. J .  Dallas 

et al. ( Dallas et al.  1964) and K.  Genest ( Genest 1 96 5 ) .  S ince that time, 

densitometry has undergone continuous changes, especially with the 

introduction of new technology such as solid-state video cameras and 

image processing ( Belchamber and Brinkworth 198 8 ) .  

I n  the mid-1970s, the commercial production o f  high-perfor

mance TLC (HPTLC) plates provided the impetus for improvements in 

practice and instrumentation. These high-performance TLC plates differ 

from conventional TLC plates in a number of ways, but mainly in the size 

of the particles used in the manufacture of the plates and the need for a 

much more precise and instrumentalized approach in order to obtain 

the best results ( Dallas et al. 1 98 8 ) .  This development led to methods 

termed "high-performance TLC," by A. Zlatkis and R. E .  Kaiser ( 1 977) . 

The Modern Period: 1981-Present 

After a decline in the reported use of TLC in the 1970s, there was 

renewed interest in the technique. (The decline corresponded to the 

period of development of the HPTLC method. )  The "renaissance" of the 

TLC technique may have been related to improved methodology, with an 

emphasis on the instrumentation and automation of operations. Other 

developments have included new approaches in TLC plate development 

and the coupling of TLC with spectrometric methods. 

Automation of operations in TLC has focused on the 

particular steps with the greatest potential for error. These included 

application of sample solutions, chromatographic development, 

detection, and quantitative in situ evaluation. In order to use the power 

of HPTLC plates, new methods of sample application were introduced, 

including the contact spotter by D. Fenimore ( Fenimore and Meyer 1 979) 

and the Automatic TLC sampler ( CAMAG, Switzerland) .  One automated 

method derived by K. Burger ( 1984 ) ,  the Automated Multiple Devel

opment system (AMD) ,  resulted in a dramatic improvement of chromato

graphic selectivity. This apparatus can be used for one to twenty-five 

individual developments. The procedure involves very small developing 

distances, with each development being longer than the previous one by 

3-5 mm. Between each development, the solvent system is completely 

removed and the plate is dried under vacuum. The solvent system can be 

changed with each development. Improvements in the instrumentation of 

scanning densitometers were also seen during this era. 

New approaches in the development of the TLC plate have 

focused on the transport of the mobile phase through the stationary 

phase. Conventional TLC relies on the rise of the mobile phase by 

capillary action, which can take up to several hours depending on the 

TLC system. AMD is also based on capillary action for the transport of 

the mobile phase. Several new techniques based on an alternative 

approach have been developed. Forced flow techniques can be subdivided 

into those where the mobile phase is controlled in an open system, and 

those where the flow is pressurized in a closed system. Centrifugal 
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systems are a n  example o f  a controlled mobile phase i n  a n  open system 

and have been used in the development of TLC plates. The sample to be 

separated is spotted in the middle of the plate. The solvent system is 

supplied at the center of the spot, and the mobile phase then moves 

outward by centrifugal forces as the plate is spun. Pressure can also be 

used to alter the transport of the mobile phase, similar to HPLC methods 

(Ferenczi-Fodor et al. 1 991 ) .  The first step in the development of a planar 

version of HPLC came with the development of a pressurized ultra micro 

chamber, the basic instrument for overpressured layer chromatography 

( OPLC) (Tyihak et al. 1 979) .  In OPLC, a pump system is used for the 

admission of the solvent system.  

Sophisticated methods of  detection have been introduced by 

coupling TLC with spectroscopic methods, such as infrared spectroscopy 

(TLC/FTIR) or mass spectroscopy (TLC/MS) (Jork 1 993 ) .  As early as 

1 964, it became feasible to record the reflectance spectra of the sepa

ration zones in the ultraviolet and visible ranges of the spectra. This 

methodology was extended to the infrared spectra by coupling TLC to 

Fourier transform infrared spectroscopy. A diffuse reflectance infrared 

spectroscopy unit has been specifically designed for this purpose 

( Bruker Instruments, Karlsruhe, Germany),  and targeted quantitative 

determinations can be made at a wavelength that is specific for a 

particular compound. Methodology for the coupling of TLC to mass 

spectroscopy was first described in 1985 ( Chang and Andrawes 1985 ) .  In 

this technique the zone is removed from the TLC plate and transferred to 

the mass spectrometer. Continued research in this area brought about 

interface systems for on-line coupling of TLC to mass spectroscopy. 

Theoretical Aspects of Thin-Layer Chromatography 

Descriptions of the general theory of thin-layer chromatography can be 

found in the literature (Kowalska 1 991 ; Poole and Poole 1 991 ; Fried and 

Sherma 1986a;  Brenner et al .  1 96 5 ) .  Presented here is a summary of 

important theoretical aspects that are valuable to an understanding of 

chromatographic separation by TLC. 

The main purpose of TLC is to separate or resolve compo

nents of mixtures .  As applied to the analysis of binding media, the sample 

is a mixture of chemical building blocks or compounds. The chro

matogram of the sample can be characterized by the number and location 

of spots or zones. By comparing sample chromatograms to chromato

grams of known reference materials, the sample may be identified .  

Chemical separations by  TLC result from the interaction of  

molecules with the stationary and mobile phases. The developing 

solvent system or mobile phase is the transport medium for components 

of samples to be separated as they migrate through the stationary 

phase by capillary forces. As the solvent system moves upward through 

the plate, the components are affected by two opposing forces, the 

driving force of the mobile phase and the resistive or retarding action 

of the sorbent. The driving force tends to cause the components to move 
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Figure 1.3. 
Calculation of the R, value  in TLC. 

Striegel . Hi l l  

in the direction of the flow of the mobile phase, and the resistive forces 

impede this movement by pulling components out of the flow of the 

mobile phase and holding them on the stationary phase by adsorption. 

Thus, each molecule follows a "stop-and-go" path through the sorbent 

layer. At the end of development, each component spot has traveled a 

certain distance. Components that are more strongly attracted to the 

sorbent layer will travel a shorter distance, while components that are 

more soluble in the mobile phase will travel a longer distance from the 

origin. The spots become larger in size due to fluctuations in the 

movement of the individual molecules ( Fried and Sherma 1986c) .  

The migration of the components in  a chromatogram can be 

characterized by a basic parameter called the Rf value. It is calculated 

as the ratio of the distance moved by the solute (component ) ,  to the 

distance moved by the mobile phase front ( Sherma 1 991 ) .  This can be 

expressed as:  

distance moved by the solute Rf= ---------...:...-----distance moved by the mobile phase front 
The distance moved by the solute is measured from the origin to the 

center of the zone. An illustration of the calculation of an Rf value is 

shown in Figure 1 .3 .  Identification of compounds by TLC is based 

on the comparison of chromatograms of known and unknown materials. 

Rf values facilitate this comparison and are used as guides to the relative 

migration and sequencing of components within a mixture. It should 

be noted that there are many factors that can cause variance in the Rf 
values of a chromatogram, therefore known materials must be run next 

to unknown samples on the same chromatographic plate for comparison. 

A measure of the selectivity of a TLC system is the resolution 

of two chromatographic zones. The resolution (R) is defined as the 

distance between two zone centers (d) divided by the average widths (W) 

of the zones: 
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Figure 1.4. 
Calculation of the chromatographic resolution 

determined from two spots on a plate. The 

resolution is the ratio of the separation of zone 

centers to the average zone width. 

Figure 1.5. 
Calculation of the theoretical plate number (N) 
in TLC. 

An Overview of Thin-Layer Chromatography 

An example of this calculation can be seen in Figure 1 .4 .  The resolu

tion of the system can be improved by moving the zones farther 

apart ( increasing the selectivity ) .  The resolution can also be improved 

by decreasing the widths of the zones by improving the efficiency 

of the system.  

The efficiency of a TLC system i s  measured by  a parameter 

called the theoretical plate number (N) .  This value is useful for 

comparing chromatographic methods as well as the efficiency of indi

vidual TLC systems. It is calculated from the equation: 

where X is the distance ( in mm) from the origin to the center of a given 

zone and W is the width of the zone. An example of this calculation 
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i s  shown i n  Figure 1 . 5 .  A large value o f  N indicates a high-efficiency TLC 

system with tight zones. 
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Chapter 2 

Technique of Thin-Layer Chromatography 

The purpose of this chapter is to present: 

• An introduction to the technique of thin-layer chromatog

raphy 

• A brief description of the steps involved in performing a 

chroma togra phic separation 

The process of thin-layer chromatography involves the series of steps 

shown in Figure 2 . 1 .  These steps include sample preparation, selection of 

the chromatographic plate, selection of the mobile phase, application 

of the sample to the plate, development of the plate, drying of the plate, 

detection of the separation zones, visual examination, and documentation. 

Sam ple Preparation 

The first step is the preparation of the sample, which varies depending on 

the type of material being analyzed. For binding media analysis, two 

principal methods of sample preparation are used: dissolution of the 

sample in an appropriate solvent ( for waxes or resins ) or acid hydrolysis 

of the sample into its components ( for proteins and carbohydrates ) .  The 

choice of the solvent is dependent on the solubility of the sample. The 

properties of the carrier solvent are also important since it is the vehicle 

used to apply the sample to the plate. 

For waxes and resins, the sample is dissolved in a carrier 

solvent, then applied to the plate. A good solvent for the dissolution of 

the sample is one that readily dissolves all of the components of interest. 

Tables of solubility are listed for film substances in various organic 

solvents ( Gettens and Stout 1 96 6 ) .  From this information, chloroform 

was chosen for the dissolution of waxes, and ethyl acetate was chosen for 

the dissolution of resins. 

For proteins or carbohydrates, the sample must be broken 

into its components through the use of acid. A summary of acid hydro

lysis is given here, and more detailed descriptions are given in Chapters 4 

and 5 .  The apparatus for acid hydrolysis is shown in Figure 2 .2 .  This 

equipment includes a preheated oven, gas manifold, vacuum pump, and 

special reaction chambers (Pierce vials and Miniert valve caps ) .  Small 
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Figure 2 . 1 . 

The process of th in- layer chromatography. 
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Sample 
preparation 

� 
Selection of chromatographic plate 

(choice of stationary phase) 
(TLC or HPTLC) 

� 
Selection of mobile phase 

� 
Application of sample on plate 

� 
Development 

(conventional or sandwich chamber) 
(single or multiple) 

� 
Drying of chromatographic 

plate 

� 
Detection 

Visual examination 

Documentation 

glass vials with preweighed binding media samples are placed in the 

Pierce reaction chamber_ After acid is added to the sample, a vacuum is 

pulled through the Pierce Miniert valve to remove air that might cause 

oxidation when the sample is heated. The reaction chamber is placed in a 

preheated, 1 05 °C oven, and the samples are heated 5-24 hours, 

depending on the concentration of the acid being used in this step. After 

acid hydrolysis, each sample is dried under a stream of nitrogen, again to 

prevent oxidation, which flows through a needle from the gas manifold 

into the tube and over the sample_ Once dry, the samples are reconsti

tuted in a carrier solvent such as methanol. 

The acid hydrolysis may be performed as described above 

( carbohydrates )  or through vapor phase hydrolyzation (proteins ) ,  where 

acid is added to the bottom of the reaction chamber, but not to the 

sample vials. 

Selection of the Ch romatographic P late 

The second step in the process of TLC is the selection of the chromatographic 

plate (see Chapter 3, pages 26-28,  for discussion of sorbent layers)_ 
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Figure 2.2 .  

Two types of hydrolysis equipment. On the  left is a system composed of various laboratory suppl ies that can  be  used to  perform vapor phase or conventional 

acid hydrolysis. A sample is weighed directly into 1 -ml vials (a). The vials are placed into a reaction chamber (b). Acid is  added to the chamber or the 

samples; then the chamber is sealed with a cap contain ing a Min iert valve (c). The reaction chamber is flushed and placed under vacuum for three cycles. This 

can be done by inserting a needle (d) that is  connected via tubing to a two-way valve (e). The valve can be d i rected to a vacuum pump (f) or a tank of 

nitrogen (not shown). On the right is  a commercially available system manufactured by Pierce Corp. The Pierce Reacti-Therm sample incubation unit is used 

for conventional acid hydrolysis of proteins and carbohydrates. Components of this system i nclude:  (g) vacuum pump,  (h) a luminum heating block, ( i) heating 

un it, (j) vacuum hydrolysis tubes, (k) needles, and ( I) gas manifold. 

Resolution of the components of a sample depends on both the stationary 

phase and the mobile phase chosen for the analysis. Silica gel, an 

excellent stationary phase for many applications, is widely used in thin

layer chromatography. Prepared plates of silica gel are commercially 

available from several manufacturers. It is important to note that vari

ances in the manufacture of a TLC plate can greatly affect the separation 

of the components. To avoid problems of this sort, the plates are 

purchased from the same manufacturer and prepared consistently for 

better reproducibility. The plate is usually prewashed in methanol and 

activated by heating. 

There are two basic types of thin-layer chromatographic 

plates, conventional (TLC) and high-performance ( HPTLC) .  The major 

differences between TLC and HPTLC plates are the particle size, the size 

distribution of the particles, and the thickness of the stationary phase . 

HPTLC plates have optimum particle sizes and thinner layers that result 

in a higher efficiency in the separation of components. Analyses using 

HPTLC plates require less development distance, and therefore less time. 
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One drawback can be the low volume of sample that must be loaded onto 

the HPTLC plate for optimum performance, as large amounts of sample 

on the plate result in a poorer separation. 

Selection of a So lvent System 

A key step in designing a TLC application is the choice of the solvent 

system, or mobile phase (see also Chapter 3, pages 28-3 1 ) . While there 

are several theories on the optimization of solvent systems (DeSpiegeleer 

1 9 9 1 ) ,  the selection of solvents for this work was based on testing 

systems noted in the literature ( Bruno et al. 1 9 8 9; Stahl 1 96 9 ) .  

Spott ing t h e  Sample 

The fourth step in the process is the spotting of the sample solution 

to the prepared TLC plate. The sample solution is drawn into a glass 

capillary tube micropipette . A volume of 0 . 1  to 1 . 0  fll of the sample 

solution is spotted on the baseline of the plate . A template or ruler is 

often used as a guide so that the spots are equally spaced along the 

baseline . The application of the spot is an important step often requiring 

practice to obtain optimally small, round sample spots. One method 

for obtaining small spots on the origin involves applying portions of the 

total volume and drying the spot with an air gun ( cool setting) between 

each application. 

Development of the TLC Plate 

After the sample spots dry, the plate is placed in a development chamber 

that contains a solvent or mixture of solvents ( for a detailed description 

of different types of chambers, see Chapter 3, pages 3 1-34 ) .  There are 

two types of chambers used in the analysis of binding media: the conven

tional chamber and the sandwich chamber. The conventional chamber is 

easiest to use, although it must be presaturated with solvent vapors. The 

process usually takes 1 5-3 0 minutes .  This type of chamber requires 

approximately 30 ml of solvent system. 

The sandwich chamber is often used with HPTLC plates and 

uses a much smaller volume of the solvent system.  The chromatographic 

plate is attached to the backing plate so that there is a minimal vapor 

space between the plates. It is then placed in the trough of the sand

wich chamber, which holds about 5 ml of the solvent system. Since the 

vapor space is minimized, less solvent evaporates from the surface of 

the chromatographic plate; thus, less solvent can be used.  One disad

vantage of the sandwich system is that highly volatile solvent systems 

may evaporate from the chamber before the development is complete. 

Also, the solvent front may become uneven as a result of preferential 

evaporation at the edges of the plate caused by air currents . To decrease 
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the evaporation of the volatile solvents and to keep the vapor space satu

rated, the entire sandwich chamber is placed inside a tightly sealed vessel. 

The plate is developed for a specified distance, usually 8 cm 

for the 1 0-cm HPTLC plates in a sandwich chamber, and 1 7  cm for the 

20-cm TLC plates in a conventional chamber. Then the plates are 

removed from the chamber and allowed to dry at room temperature in 

the fume hood. This drying process is dependent on the solvent system 

used, but usually takes about 30 minutes. 

Detection of Separation Zones 

The chemical components of the sample are separated on the TLC plate. 

They may be colored or colorless compounds. If they are colorless they 

must be made visible in some manner. The detection of the individual 

components is aided by reacting the components with a chemical reagent 

to form visible spots under normal or ultraviolet light (additional infor

mation on physical and chemical methods of detection is presented in 

Chapter 8, pages 67-73). The detection reagent can be applied by dipping or 

spraying. Spraying is the most commonly used method, since it requires 

minimal amounts of the reagent. Reusable spray bottles dispense an ultra

fine mist that is ideal for the visualization of components on a TLC plate. 

Visual Exami nation 

After detection, the plate is examined to determine the location of the 

components. The plate is first viewed under normal light. Any discol

oration that may indicate separation zones is marked lightly with penci l .  

Next, the plate is examined under ultraviolet light. Two types of UV light 

are used, a range of short-wavelength UV light (centered at 254 nm) and 

a range of long-wavelength UV light (centered at 366 nm) .  Any fluores

cence is again marked with a pencil. 

Docu mentation 

The chromatogram is carefully documented. The documentation includes 

a record of the materials analyzed, the type of plate used, the solvent 

system used, the type of chamber, and other conditions. In addition, a 

photocopy ( for the lab notebook) and photographs ( for permanent docu

mentation ) of the TLC plate are made. The plate is photographed on 

both black-and-white print and color slide film. Figure 8 . 6  (page 75 ) 

shows a simple chamber used to photograph TLC plates under ultraviolet 

light. It is constructed of a cardboard box, with panels inserted to 

support UV lamps at 45° angles to the plate (a description of techniques 

for documentation is given in Chapter 8, pages 73-75 ) .  

Finally, the location o f  each spot is measured and recorded, 

and the respective Rf values for each component are calculated.  
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Chapter 3 

Methodology for Thin-Layer Chromatography 

This chapter provides detailed information needed to develop TLC 

systems for use on samples, in general, and binding media, adhesives, 

and coatings, in particular. Sections within this chapter present: 

• A report on the types of sorbent layers available and their 

interactions with both the solute and the solvent system 

• A discussion of solvent systems 

• A detailed description of development chambers and tech

niques of development 

• An introduction to detection methods 

• A prelude to documentation needed for TLC analyses 

Conventional thin-layer chromatography requires minimal 

equipment and supplies, including pipettes for sample application, a plate 

coated with a thin layer of sorbent, the appropriate solvent system and a 

development chamber for the application, a means of detecting the 

resulting chromatogram, and equipment to document the chromatogram.  

The equipment can be simple, such as a screw-top jar for a developing 

chamber, or complex, such as a scanning densitometer for the quanti

tative analysis of a chromatogram. This chapter presents the basic 

equipment needed for the analysis of the organic binders, adhesives, 

and coatings found on artifacts. It also details some of the underlying 

theories for the choice of equipment and the development of new TLC 

systems. In addition, brief descriptions of more sophisticated methods 

will be given.  

A TLC system consists of the sample or samples, the mobile 

phase, the stationary phase, the development chamber, and the detection 

reagent. The design of a thin-layer chromatographic system starts with an 

understanding of the chemical nature of the sample. Is the sample a 

mixture of large molecules, as in the case of proteins ? Does the sample 

need to be broken into smaller units ? Is the sample polar or nonpolar?  

From this starting point we begin to think about choosing appropriate 

stationary and mobile phases. These choices require an understanding of 

the interaction of the sample with the solvent system and stationary 

phase, as well as an understanding of the mechanisms involved in the 

separation by thin-layer chromatography. Once the solvent system and 

the chromatographic plate are selected ,  the development chamber is 
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chosen. After the plate is developed, the chromatogram is assessed. This 

requires visualization of the individual components of the sample that are 

separated on the plate, usually by chemically reacting the components 

with a detection reagent. 

There are four mechanisms of separation that may occur 

during TLC: adsorption, liquid-liquid partition, ion exchange, or steric 

exclusion ( Gocan 1 990 ) .  The two main mechanisms-adsorption and 

partition-will be discussed here. 

Adsorption is the process by which the solvent and the sample 

compete for reactive sites on the stationary phase ( usually a polar 

sorbent) .  Components of the solute will compete more effectively or less 

effectively than the solvent, depending on the polarity of both the 

component and the solvent. For example, the most commonly used 

sorbent is silica gel .  On the surface of a silica gel layer is a network of 

polar -OH groups bound to an Si02 skeleton. Adsorption on silica gel 

involves hydrogen bonding between functional groups on the sample and 

the -OH groups of the silica gel. Some molecules bond better to the -OH 

groups than others, and will travel a shorter distance from the origin. 

Those that bond more weakly to the -OH groups of the silica gel will 

travel a farther distance from the origin.  

Liquid-liquid partition is the process that involves a liquid 

stationary phase bound to a solid sorbent. The components of the sample 

will spend a portion of the migration time in the liquid stationary phase 

and a portion of the time in the liquid mobile phase. Separation occurs 

when the components reside in both phases and have different retentions. 

The liquid-liquid partition mechanism can also take place on silica gel, 

under slightly different conditions, depending on how the plate is 

prepared ( i . e . ,  activated or not activated ) .  Water binds to silica either as 

"capillary" water or as water associated with the -OH groups of the 

surface. This water can act as a stationary phase bonded to the sorbent. 

When the stationary phase is polar and the mobile phase is 

less polar or nonpolar, the system is called normal phase TLC. If  the 

sorbent is chemically altered (e .g . ,  by bonding nonpolar groups to the 

surface of the silica gel or by coating or impregnating the stationary 

phase with a nonpolar organic solvent) ,  a nonpolar stationary phase can 

result ( Gasparic 1 992 ) .  If  this nonpolar stationary phase is used with a 

polar mobile phase, the system is called a reversed phase (RP) system. 

One of the advantages of chemically bonded phases is the almost 

unlimited variety of commercial or laboratory-prepared plates with a 

wide range of polarities .  

Sorbent Layers 

A chromatographic plate is an even layer of a sorbent bound to an inert 

backing with a binder. The sorbent layer either plays an active role in the 

interaction with the solute (adsorption chromatography) or supports a 

liquid stationary phase (partition chromatography) .  At one time, chro

matographic plates were made in the laboratory as needed, but the 
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quality of these plates could vary considerably. Quality TLC plates are 

now commercially available with a variety of sorbent layers. This 

section presents the components of the chromatographic plate, a 

comparison of TLC and HPTLC plates, and details the use of sorbent 

layers used in the analysis of organic materials from cultural obj ects. 
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The components of a TLC plate are the support, the sorbent 

binder, the sorbent layer, and sometimes chemical additives that aid in 

detection of the separation zones. The support of the thin layer is most 

commonly a glass plate. Other materials used as a support include thin 

plastic sheets and aluminum foil .  The glass plate offers the advantage of 

being the most inert backing material; it is also a rigid planar support. 

The size of the plate is typically 20 X 20 cm. Other sizes include 

5 X 20 cm, 10 X 20 cm, 10 X 10 cm, and "micro" (microscope slides ) .  

Glass plates are available prescored, o r  can b e  scored with a diamond 

point and broken into smaller sizes .  Disadvantages of breaking the plates 

include safety hazards and the possibility of producing jagged edges. An 

advantage of plastic sheets is that they may be cut into various sizes with 

scissors or a blade. 

The sorbent layers can be bound or unbound to the glass 

plate .  In the early days of the technique, starches were used as sorbent 

binders in the preparation of TLC plates .  Gradually, other binders that 

gave better results were found. Today the most commonly used binder is 

gypsum, designated with the letter G. For example, the Merck silica gel G 

plate has a thin layer of silica gel bound with gypsum. 

Sorbent layers can be made from many different materials. 

The most common sorbent layer used in TLC is silica gel. Many of the 

modern sorbent layers are based on the modification of silica layers. The 

-OH functional groups can be replaced with different functional groups, 

including long chain hydrocarbons . Hydrocarbon functional groups 

usually make the surface more nonpolar; if this is the case, the sorbent 

layers can be used for reversed phase chromatography and are designated 

with the letters RP by the manufacturer. Silica gel layers can also be 

modified with other functional groups to fine-tune the polarity of the 

surface. One such sorbent used for polyamide plates is made by the 

addition of amide groups to the silica gel surface. Another sorbent used 

in TLC is cellulose . The cellulose fibers used in thin layers are shorter in 

length than those found in chromatography paper. Sorbent layers can be 

impregnated with buffers, chelating reagents, metal ions, or many other 

chemicals to aid in the selectivity and resolution of compounds 

( Sherma 1 99 1 ) .  

A TLC plate may include chemical additives that fluoresce 

upon exposure to ultraviolet light; these additives are present to facilitate 

the detection of colorless compounds. Fluorescent and phosphorescent 

substances are excited into an unstable energy state by UV light, and 

release part of the stored radiant energy when they return to a ground 

state . This emitted radiation usually lies in the visible part of the 

spectrum. An illustration of the radiation spectrum is shown in 

Figure 3 . 1 .  When added to the sorbent layer, fluorescent indicators cause 

the background of the plate to fluoresce or phosphoresce at a given wave-
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Figure 3.1 . 

A schematic i l l ustration of the radiation 

spectrum,  described in  terms of wavelength. 
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length of UV light. Separation zones appear as dark spots on the bright 

background. Inorganic indicators that phosphoresce upon exposure to 

short wavelength (centered at 254 nm) UV light include tin-activated 

strontium compounds, uranyl acetate, magnesium-activated zinc silicate, 

and zinc cadmium sulfide. Most fluorescent indicators are designated as 

F254 or UV 254 on the label of the plates. 

Conventional TLC and HPTLC plates can be obtained in a 

variety of sorbent layers. The major differences between TLC and 

HPTLC plates are the particle size and the particle distribution of the 

sorbent, and the thickness of the layer. The most common HPTLC 

sorbent is silica gel; other commercially available plates include cellulose 

and polyamide. The particle size of silica gel used for HPTLC plates is 

5 f..lm, while that used for conventional plates is 20  f..lm. The thickness of 

a high-performance layer is 1 00-200 f..lm, compared to 250 f..lm found on 

conventional plates. HP layers are more efficient because they produce 

tighter zones, better resolution, and more sensitive detection. 

It should be noted that plates with the same designation from 

two different manufacturers do not necessarily exhibit the same chro

matographic behavior. Plates from different manufacturers may have 

different layer characteristics even when the same sorbent and binder are 

used. For example, a precoated silica gel plate from Manufacturer A 

will not always result in a chromatogram which matches one found on a 

silica gel plate from Manufacturer B. Once a good separation is obtained 

on a particular plate, it is important to "standardize" the plate used 

(Touchstone and Dobbins 1 9 8 3a ) .  

Two principal plates for the identification of binding media in 

paint are considered in this publication. The hydrolysates of protein 

samples are separated on Macherey-Nagel MN300 cellulose plates for 

the identification of proteinaceous binders, and Merck HPTLC silica gel 

F254 plates are used in the identification of waxes, resins, and sugars. 

Solvent Systems 

A TLC solvent system is a liquid mobile phase composed of one or  more 

miscible solvents. The solvent system competes with the dissolved analyte 

for the active sites on the sorbent and must be carefully selected to 

achieve a good separation of individual components. Solvent systems are 

selected by considering the equilibrium between the solvent, the solutes, 

and the sorbent layer. Often, solvent systems are chosen by trial-and

error methods, or are based on similar applications reported in the 

literature ( Bruno et al. 1 9 89 ;  Stahl 1 969 ) .  This section presents consider

ations in the choice of a solvent system, a discussion of the eluting power 



Methodology for Thin-Layer Chromatography 

of a solvent system, and a summary of some schemes used for solvent 

system choice. 
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The selection of a solvent system must take into consideration 

several factors, the most important being a good separation of the 

components in the mixture . The choice of the mobile phase depends 

on the nature of the compounds to be separated .  The interactions 

between the analyte-mobile phase or the analyte-sorbent may be deter

mined by the number and nature of the functional groups in the analyte. 

A very polar compound will require a mobile phase that interacts 

strongly with the sorbent layer if the compound is to migrate on the TLC 

plate . For example, a monosaccharide such as galactose is strongly 

retained on a silica gel plate and will not migrate in a nonpolar solvent 

such as benzene. A very polar solvent system incorporating acetonitrile 

and water will displace galactose from the silica gel plate and pro-

mote migration of the sugar. Functional groups of the analyte affect its 

interaction with the sorbent layer. The retention of an analyte on 

silica gel increases, in order, with the presence of the following func

tional groups: 

RH < ROCH3 < RN-( CH3h < RCOzCH3 < RNHz < ROH < RCONHz < RCOzH. 

Other factors considered in the selection of a solvent system 

may include the cost, availability, quality, toxicity, volatility, and misci

bility of the solvent or solvents chosen. Simple systems of one or two 

solvents are preferred over complex mixtures of several solvents. The 

purest grade solvents should be used since any impurities can greatly 

affect the selectivity and reproducibility of the separation (Touchstone 

and Dobbins 1 9 8 3 b ) .  Regulations regarding laboratory safety and waste 

disposal may limit the choice of solvents that can be used in a con

servation lab. 

One way of rating the interaction between a particular 

solvent and a sorbent is based on the eluting power of the solvent, which 

is defined by the solvent strength parameter, EO . For any given solvent, 

this parameter represents the adsorption energy per unit area of standard 

sorbent . A larger EO indicates a greater interaction between the solvent 

and the sorbent. In a liquid-solid adsorption process, there is always a 

competition between solute and solvent molecules for a place on the 

sorbent surface. The solute molecules will be more readily displaced by a 

solvent of higher solvent strength. As a result, the Rf value of the solute 

will increase with an increase in the solvent strength parameter. A solvent 

that has a high solvent strength parameter on one sorbent, such as silica 

gel, may have a different solvent strength parameter on a different 

sorbent. Ta ble 3 . 1  lists the relative strengths of different solvents on 

various adsorbents. To prepare TLC mobile phases, solvents from the 

eluotropic series are blended into binary or ternary mixtures of the 

correct solvent strength. In most cases, the strength of a solvent mixture 

will be intermediate between the strengths of the two or more compo

nents of the mixture . 
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Table 3.1. 
Solvent strength parameter, EO. 

Advanced Solvent-System Tech n iques 

Advanced tech n i q ues can aid i n  solvent 

system selection and optim izatio n  of the 

chromatographic  separatio n .  

Computer-aided strategies for mobi le  

phase o ptim ization inc lude us ing window 

d iagrams ,  overlapp ing resol ution maps ,  

s im plex o ptim ization ,  and pattern 

recognition proced u res .  A structured 

trial -and-error approach ,  called the 

P R I SMA model ,  was developed by 

Nyiredy for solvent opti m i zation i n  TLC 

and H PLC. This  model cons ists of three 

parts: selection of the chromatographic 

system ,  o ptim ization of the selected 

mobi le  phase, and selection of the 

development method (Poole and 

Poole 1 99 1  : 1 026) .  
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Solvent EO Solvent EO 

Fluoroalkanes -0.25 Methylene chloride 0.42 

n-Pentane 0.00 Ethylene dichloride 0.44 

Isooctane 0.01 Methyl ethyl ketone 0.51 

Petroleum ether 0.01 1-Nitropropane 0.53 

n-Decane 0.04 Triethylamine 0.54 

Cyclohexane 0.04 Acetone 0.56 

Cyclopentane 0.05 Dioxane 0.56 

1-Pentene 0.08 Tetrahydrofuran 0.57 

Carbon disulfide 0.15 Ethyl acetate 0.58 

Carbon tetrachloride 0.18 Methyl acetate 0.60 

Xylene 0.28 Diethylamine 0.63 

i-Propyl ether 0.28 Nitromethane 0.64 

i-Propyl chloride 0.29 Acetonitrile 0.65 

Toluene 0.29 Pyridine 0.71 

n-Propyl chloride 0.30 Dimethyl sulfoxide 0.75 

Benzene 0.32 i-Propanol, n-Propanol 0.82 

Ethyl bromide 0.35 Ethanol 0.88 

Ethyl sulfide 0.38 Methanol 0.95 

Chloroform 0.40 Ethylene glycol 1.1 

There are trial-and-error methods that can guide the selection 

of a solvent system for normal phase and reversed phase chromatog

raphy. These include spot tests ( Bauer et al. 1 99 1 )  and other simple 

approaches to solvent selection.  Some of these approaches will be 

summarized here for normal phase chromatography. 

The first approach (Hamilton and Hamilton 1 9 87 )  starts with 

a solvent of low polarity. Five solvent mixtures are made by adding a 

more polar solvent in higher proportions. The composition of the more 

polar solvent in each of the mixtures is 2 % ,  4 % , 8 % , 1 6 % ,  and 32% 

( by volume) .  Each increase in the  percentage of  the more polar solvent 

corresponds to an 0 .05  unit increase in the eluent strength of the sol-

vent system.  The unknown sample is tested with these five mixtures . If 

the resulting Rf is too high, a solvent system with a lower solvent strength 

is chosen. If  the resulting Rf is too low, a solvent system with a higher 

solvent strength is chosen. 

A second approach ( Stahly 1 9 9 3 ) ,  illustrated in Figure 3 .2,  

starts with testing the unknown sample with dichloromethane as the 

solvent. If  the components travel at the solvent front (Rf = 1 ) , the 

polarity of the solvent system is decreased by adding 25-50% of a less 

polar solvent, such as hexane. If  the components remain at the origin line 

of the plate (Rf = 0 ) ,  the polarity of the solvent system is increased by 

adding 0 . 5-1 % of a more polar solvent, such as methanol. 



Figure 3.2.  

An i l lustration of a trial-and-error approach to 

solvent system development as described by 

Stahly (1 993) .  
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The samples to be separated by TLC are spotted on an origin line near 

one end of the chromatographic plate. The plate is placed in contact with 

the solvent system, usually inside a development chamber. This section 

presents the different modes and apparatus for development. 
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N o n l i near Methods of Development 

N o n l i near methods,  which include 

ci rcular and antic i rcu lar development,  

use horizontal development cham bers. 

C i rcular development is very s im i lar to 

the early d rop chromatography method 

described by Izmailov and Sch raiber (see 

Chapter 1 ,  page 1 0) .  In this mode of 

development,  the sample or  samples are 

placed in a c i rc le aro u n d  the center of the 

plate . Then the plate is placed over a 

petri d ish  or special cham ber f i l led with 

the mobile phase. The solvent system is 

de l ivered to the center of the TLC plate 

by a wick.  It flows in an o utward 

d i rection toward the periphery of the 

plate. In anticircular development,  the 

sample i s  appl ied along the outer 

c i rcu mference and developed toward the 

center of the plate. F igure 3 . 5  shows a 

d iagram of chromatograms resu lt ing from 

c ircular and anticircular development 

methods.  The c ircular development mode 

is  advantageous for separation of 

components with low R, values ,  and 

anticircular development is advantageous 

for the separation of components with 

high R, values.  

Optimal H PTLC c ircular and 

anticircu lar development can be 

performed in special ly designed 

U-cham bers. One horizontal type of 

cham ber e lectro n ical ly controls the 

mobi le  phase veloCity us ing  a stepp ing 

motor. This  motor d rives a syringe that 

feeds the mobi le  phase d i rectly to the 

center of the horizontal p late. A s im i lar 

chamber designed for anticircu lar 

development feeds the solvent to the 

o uter c i rcu mference of the plate 

(Poole and Poole 1 99 1 ) .  

Advanced tech n iques inc lude 

two-d i mens ional ,  m u lt ip le ,  and 

conti n uous  development, as wel l  as 

forced flow tec h n iques ,  such as 

overpressured chromatography and 

centrifugal chromatography. 
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The many development techniques in TLC include linear, 

circular, anticircular, multiple, continuous, and two-dimensional. 

Figure 3 . 3  illustrates the relationship between these development tech

niques . The most typical approach is to use a linear development chamber 

with the mobile phase moving vertically up the plate. 

Linear chambers are usually rectangular in shape, though 

cylindrical chambers can also be used. This type of chamber may be as 

simple as a j ar with a tightly sealed lid, and may be used in a saturated or 

an unsaturated state. Saturation of a development chamber is achieved by 

lining the chamber with filter paper or a saturation pad and pouring the 

solvent system over the paper. Then the chamber is covered and set 

aside to allow vapor equilibration. Enough solvent is placed in 

the chamber so it covers the bottom of the chamber but remains below 

the point of application of the sample to the TLC plate. Once the 

tank has been equilibrated ( usually 1 5-3 0 minutes ) ,  the tank is quickly 

opened, the plate is inserted, and the tank is again covered .  In the case of 

an unsaturated chamber, the solvent is poured directly into the empty 

chamber, the plate is inserted, and the chamber is quickly covered.  

A second type of linear development chamber is the sandwich 

or S chamber (see Figure 3 . 4 ) .  This chamber is composed of a backing 

plate ( metal or glass ) ,  a trough for the solvent system, and clips. The 

sandwich chamber is often used with HPTLC plates and uses a much 

smaller volume of the solvent system than the conventional TLC 

chamber. The chromatographic plate is attached to the backing plate so 

there is minimal vapor space between the plates. It is then placed in the 

trough of the sandwich chamber, which holds about 5 ml of the solvent 

system. Since the amount of space between the plate and the surrounding 

vapor is minimized, there is less solvent evaporation from the surface of 

the chromatographic plate; thus, less solvent is used. One disadvantage 

of the sandwich system is that highly volatile solvents systems may 

Thin-layer chromatography 
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Single Multiple Two-dimensional 
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Figure 3.3.  

I 
Linear development 

I I 
Conventional chamber 

I 

Single Multiple Two-dimensional 
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A general classification scheme of chromatographic development techn iques. 



Figure 3.5.  

Circular development with (a)  the point  of  

solvent entry at the plate center, and (b) anti

circular development from the outer circle 

toward the center. 
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Figure 3.4. 

A schematic d iagram of the components of a 

sandwich chamber, including the backing plate, 

cl ips, TLC plate, and trough. 
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evaporate from the chamber before the development is complete. 

Also, the solvent front may become uneven as a result of preferential 

evaporation at the edges of the plate caused by air currents,  To decrease 

the evaporation of the volatile solvents and to keep the vapor space 

saturated, the entire sandwich chamber is placed inside a tightly sealed 

vessel. 

Plates can also be developed with the solvent system 

descending through the TLC plate. This method was first used in paper 

chromatography, The solvent is fed to the top of the development 

chamber through a wick arrangement . This is a more cumbersome, rarely 

used method of linear development which shows no significant advan

tages over ascending methods (Fried and Sherma 1 9 8 6 ) .  

Two-dimensional development i s  used for the separation of 

complex mixtures and allows for the use of solvents with different selec

tivities. The sample is applied to one corner of the TLC plate, which is 

developed in a linear development tank with the mobile phase ascending 

through it. The plate is removed and allowed to dry. The plate is then 

rotated 90° and redeveloped in a different solvent. The components of the 

sample are separated over the surface of the entire plate. Disadvantages 

of this method include difficult interpretation and reduced reproduc

ibility. Quantitation is not possible for two-dimensional TLC because 

standards can be applied only after the first development and will not 

have the same zone configuration as the doubly developed zones. 

Multiple development can be performed manually or with 

automated equipment. The manual technique involves repeated develop

ments of the TLC plate in the same solvent and in the same direction. The 

plate is first developed normally in a linear chamber with the solvent 
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Additional Development Techn iques 

An automated i nstru mental method of 

m u lt ip le development (AM D),  designed 

by the Swiss company CAMAG , al lows a 

TLC plate to be repeatedly developed in  

the same d i rection over increasing  

m igration d i stances (Jaenchen 1 99 1 ) .  

Typical d istance i ncrements are 3 m m  or 

less  for a 20-2 5-step develop ment. 

U n l ike the manual method described 

above, the mobile phase for AMD 

typically d iffers with each successive 

development.  AMD uses a solvent 

grad ient start ing with a very polar 

solvent, through a solvent of med ium 

polarity, and end ing with  a very n o n polar 

solvent. The method i s  su itable for the 

separation of complex samples that d iffer 

widely in the polarity of their components. 

A d i sadvantage of this tech n ique  i s  the 

expense of the AMD i nstru ment.  

The method of continuous 

development uses a chamber s i mi lar to 

the horizontal cham ber, which al lows the 

p late to protrude from the top of the 

tank so that the solvent conti n uous ly  

evaporates. The short-bed,  conti nuous

development chamber  (SB/CD cham ber) 

i s  i l l ustrated in Figu re 3 . 6 .  It has a low 

profile and a wide base to permit  

development c lose to the horizontal 

positi o n .  The TLC plate i s  positioned so 

that the bottom edge is i n  contact with 

the solvent and the top edge i s  rest ing on 

the back wal l  of the chamber. A glass 

plate cover i s  positioned over the 

cham ber and touches the u pper edge of 

the TLC plate. I n  th is  configuration ,  the 

solvent evaporates from the j u nction of 

the TLC p late and the cover plate . This 

method effectively lengthens the plate to 

i mprove resol ution and i s  excel lent for 

the separation of complex m i xtures with 

components that have low R, val ues.  If 

condit ions are optim ized , conti nuous  

development results i n  faster separatio n s  

than those o btained with conventional 

development ( N u rok et al . 1 982) .  
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Figure 3.6. 

A schematic diagram of a short-bed, continuous-development chamber. The TLC plate is placed inside the 

chamber and rests on its back wal l .  A glass plate covers the chamber and rests against the TLC plate. 

ascending through the plate. The plate is then removed from the chamber 

and air dried for 5 to 10 minutes. Next, the plate is placed in the same 

solvent system and the development is repeated.  This process, which 

can be repeated numerous times, increases the resolution of components 

with Rf values below 0 .5 .  Repeated movement of the solvent front 

through the spots from the rear causes spot reconcentration and 

compression in the direction of the multiple developments. The broad

ening of the spots, usually seen during chromatographic migration, is 

reduced with multiple development. The technique can also be carried 

out with different solvents in the same direction. 

Detection Methods 

Once the TLC plate has been developed, it is removed from the chamber 

and air dried to remove the mobile phase. The plate is then closely scruti

nized to identify the separation zones. Colored substances may be viewed 

in daylight without any treatment. If  the substances are colorless, other 

techniques must be employed to detect the zones. These include both 

destructive methods, where the compound or compounds are perma

nently changed, and nondestructive methods, where the compound is not 

altered by the visualizing technique. This section takes a cursory look at 

detection reagents and describes the basic apparatus needed for postchro

matographic detection. A more detailed treatment of detection methods 

is given in Chapter 9. 

An ideal visualization or location procedure for thin-layer 

chromatography should be able to: 

1 .  reveal microgram quantities of separated substances; 

2. yield distinct spots; 

3. show a satisfactory contrast between the visualized area 

and the background; and 

4. provide a visualized area that is stable or suitable enough 

for a quantitative measurement, if  desired (Touchstone 

and Dobbins 1 9 83c ) .  

There are two methods of visualization: physical and chemical .  The use 

of ultraviolet light to observe fluorescing zones is an example of a 



One of the newest techn iques for 

h igh-performance TLC is  forced flow or 

overpressured layer chromatography 

(OPLC).  In this i n stru mental tech n ique ,  

the TLC plate is p laced ins ide  a cham ber 

and covered by a flexible p lastic 

membrane that is held close to the 

su rface by pressu rized gas. The mobi le  

phase i s  forced through the sorbent layer 

by a p u m p  o perati n g  at about 1 MP 

(Sherma 1 99 1 ) .  The flow velocity of the 

mob i le phase is contro l led i n  OPLC. The 

tech n i q ue can be used for l inear, c i rcu lar, 

or anticircular development.  Over

pressured chromatography provides a 

means of rapid development with 

constant and adj ustable flow rates of the 

mob i le phase. The method can be used 

for conti nuous  and grad ient develop

ment, and prevents the d iffus ion of 

separation zones.  Overpressured chrom

atography uses a low vol u m e  of solvent 

and provides reprod ucib le R/ val ues.  New 

trends in  OPLC inc lude h igh- pressure 

vers ions s im i lar to H PLC,  temperature 

programmed OPLC,  o n - l i ne one

d imensional  OPLC,  and two-d i mens ional 

OPLC. The main  d isadvantage of the 

tech n i q ue i s  the added instru mentatio n ,  

w h i c h  leads t o  a h igher cost than conven

tional TLC (Ferencz i -Fodor et  al .  1 99 1 ) .  
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physical method, while the reaction of sulfuric acid with the zones to 

produce a brown or charred area is an example of a chemical one . 
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The observation of fluorescence or phosphorescence on a 

TLC plate requires an ultraviolet light source. A portable laboratory 

lamp with short wave and long wave output is useful for examination of 

TLC plates.  Sophisticated cabinets are available for viewing the TLC 

plate under ultraviolet or visible light. An alternative, inexpensive 

viewing and photographic box can be made in the laboratory ( see 

Chapter 8, pages 74-75; and Protocol G ) .  

Chemical methods o f  detection include prechromatographic 

and postchromatographic derivatization. The latter usually requires a 

visualization reagent that is placed in contact with the substances to be 

detected on the plate. The two procedures for applying the visualization 

reagent are spraying and dipping. Spray guns using a gas propellant or a 

glass atomizer are apparatus typically used for spraying the visualization 

reagents . Dipping can be performed in a normal rectangular TLC devel

oping chamber. The large volume of the developing chamber may be a 

drawback when using visualizing reagents of high toxicity. Small volume 

tanks made specifically for dipping TLC plates are commercially 

available. CAMAG manufactures a Chromatogram Immersion 

Device for HPTLC plates up to 20 X 10 cm in size . This holding time 

in the reagent can be preselected for between 1 and 10 seconds for 

accurate control of the dipping procedure. Once the visualization 

reagent is applied, it is often necessary to heat the plate. This can be 

done in a laboratory oven or hot plate heating apparatus designed for 

heating TLC plates uniformly. 

Docu mentation 

The documentation of a thin-layer chromatogram may be as simple as an 

annotated sketch or tracing of the plate. A photocopy of the plate may be 

useful if the separation zones are seen as distinct colored spots, but may 

be limited in the ability to show weak solutes or certain colors. Labo

ratory photography has become the method of choice for docu

mentation of TLC plates because of its ease, durability, and accuracy. 

TLC plates can be photographed with 35-mm camera equipment or 

instant image photography. Integrated camera and lighting systems are 

now on the market. A detailed presentation of documentation proce

dures for TLC is given in the literature ( Vitek 1 99 1 )  and is discussed in 

Chapter 8 herein. 
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Chapter 4 

Analysis of Proteins by Thin-Layer Chromatography 

The purpose of this chapter is to present: 

• A summary of the history and chemistry of proteinaceous 

materials as it pertains to artists' materials 

• A description of the methodology, sample preparation, 

and technique for using TLC to analyze proteinaceous 

binders, coatings, and adhesives 

• An example of the application of the technique to an actual 

protein sample from an actual artifact 

A S u m m ary of the Use and Chemistry of Prote i naceous B i nders 

This section gives a brief summary of the types of proteins that may be 

found in paintings or objects. Detailed information on the uses of 

proteins in medieval painting (Thompson 1 9 5 6 )  and a description of 

modern uses of proteins can be found in other sources ( Mayer 1 9 9 1 ) .  An 

excellent description of the chemistry of proteins used in the fabrication 

of museum objects is given in chapter 7 of The Organic Chemistry of 

Museum Objects (Mills and White 1 9 8 6 ) .  

Proteins are a class o f  materials used a s  binders i n  paintings 

throughout history. This class includes glues, egg (egg white, egg yolk, or 

whole egg ) ,  and casein. Glues made from animal or fish skin, bone, and 

other parts have been used as binders or adhesives in the sizing of paper, 

and in the ground of paintings. Egg white has been used in the illumi

nation of manuscripts, as the adhesive for gold leaf, and as a temporary 

varnish on paintings. The traditional binder in tempera paints is 

egg yolk. Casein, a milk by-product, has been used in wall paintings 

and panel paintings, painted furniture and painted textiles, and 

theatrical stage sets ( Kuhn 1 9 8 6 ) .  

Proteins are high molecular weight organic molecules that are 

composed of a sequence of amino acids that are specific to each protein. 

There are twenty-two naturally occurring amino acids that may be found 

in the chemical framework of a protein. The amino acids are bound to 

each other by peptide linkages ( -CO-NH - ) .  The molecular weight of 

proteins ranges from 1 04 to 1 07 (Mills and White 1 9 8 6 ) .  
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Analytical Methodology 

Identification of proteins by thin-layer chromatography is based on the 

presence or absence of certain amino acids within the protein. First, the 

protein in the sample is hydrolyzed, or broken down, into its component 

amino acids. Next, the sample, individual amino acids, and reference 

materials are analyzed by conventional thin-layer chromatography on a 

cellulose stationary phase. A butanol, acetic acid, and water solvent 

system is used. The amino acids are visualized on the TLC plate using 

a ninhydrin detection reagent. The presence of hydroxyproline and 

large quantities of proline, seen as yellow spots in the chromatogram, 

indicate the presence of gelatin found in animal glues. Further differen

tiation of protein binders is based on the amount of particular amino 

acids present in the sample. 

Sample Preparation 

Sample preparation for the analysis of proteins requires the preparation 

of three types of samples, including unknown samples, reference samples, 

and amino acid samples. The unknown and reference samples contain 

large protein molecules that must be broken down into their component 

amino acids by acid hydrolysis before analysis. Amino acid samples are 

prepared from a commercially available set of pure amino acids. 

Any identification strategy for proteins must take into 

account possible losses of certain amino acids from acid hydrolysis .  

Large amounts of the amino acids tyrosine and tryptophan can be 

destroyed by acid hydrolysis. Other amino acids, such as serine and 

threonine, may also be affected ( Brenner et  al .  1 9 6 5 ) .  

Unknown samples for protein identification and well

characterized reference materials are hydrolyzed using high-purity 6N 

hydrochloric acid. Samples should be 0 .5-0.7 mg in size. Reference 

samples can include commercially available compounds such as casein, 

rabbit-skin glue, egg white, egg yolk, whole egg, and fish glue. Liquid 

phase or vapor phase acid hydrolysis can be performed under 

vacuum. The procedure for acid hydrolysis can be performed in 

equipment assembled from other laboratory supplies or in specially 

designed apparatus, such as the Pierce Reacti-Therm sample incubator 

with hydrolysis tubes. 

One procedure for vapor phase hydrolysis uses simple labo

ratory supplies and follows a series of steps. The vapor phase reacts with 

the samples to give a high yield of the amino acids. This method has the 

advantage of needing only a very small amount of acid, and up to four

teen samples can be hydrolyzed at one time. It works best with protein 

samples. Equipment needed includes a reaction chamber, sample vials, a 

vacuum pump, a tank of high-purity nitrogen, and a laboratory oven. 

The reaction chamber is assembled from a large Pierce vial that is fitted 

with a Miniert valve and a septum attached to a screw-top lid.  ( Note : A 

new septum must be used for each hydrolysis to ensure a good seal. ) 



An Alternative Method for Liquid Phase 

Acid Hydrolysis 

Another proced u re for l iqu id phase acid 

hydrolys is uses a sample heating u n it 

(P ierce Reacti-Therm , Model no .  1 8800) , 

1 .0 - m l  vacu u m  hydrolys is tubes (Pierce, 

Model no. 2 9550) , an a l u m i n u m  heating 

block (P ierce Reacti - Block H),  and a gas 

m an ifold fitted with Teflon-coated 

needles for evaporation of samples 

(Pierce Reacti-Vap, Model no .  1 8780). 

Up to nine samples may be prepared 

s i m ultaneously. The sam ples are weighed 

d i rectly i nto 1 - m l  vac u u m  hydrolysis 

tubes.  A 1 50 - m l  volume of constant 

bo i l ing 6N hydrochloric acid (P ierce, 

seq uanal grade) is added to each sample.  

Each tube i s  p laced i n  an al u m i n u m  

heatin g  block set i n  a sample heating 

u n it .  The tubes are loosely capped with a 

Teflon stopper. Tu b ing is used to con nect 

the sidearm of each hydrolys is tube to a 

portable vacu u m  p u m p .  A ir  is evacuated 

us ing the p u m p ,  and the tube is tightly 

sealed. The samples are heated at 1 1 0 °C 

for 1 8-72 hours ,  then cooled to room 

temperature before opening.  The gas 

manifold i s  fitted to the hydrolysis tubes 

so that the Teflon-coated needles are 

placed j ust above each sample .  The 

sam ples are evaporated to d ryness under 

a stream of n itroge n ,  then reconstituted 

in 400 J.JI of 0 . 1  N H C I .  The solut ions are 

transferred with Pasteu r  p ipettes to 

1 - m l  vials .  
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basic steps: 

The procedure for vapor phase acid hydrolysis follows seven 

1 .  The samples are weighed directly into labeled I -ml glass 

vials and then placed inside the reaction chamber. 

2 .  Next, 200 JJ.l of constant boiling 6N hydrochloric acid 

(Pierce, sequanal grade ) is added to the bottom of the 

reaction chamber. 

3 .  The lid is tightly screwed on to the chamber. 

4 .  The assembly is evacuated using a small vacuum pump. To 

do this, a large syringe needle is attached to vacuum 

tubing that in turn is attached to the pump. The needle is 

introduced into the reaction chamber through the Miniert 

valve, which has been placed in the open position. The 

vacuum pump is turned on and the chamber is evacuated.  

5 .  The chamber is flushed with nitrogen, which again is 

introduced into the chamber by placing a needle through 

the open Miniert valve. The needle is attached to tubing 

and a regulator of a high-purity nitrogen gas tank. Three 

cycles of evacuation and nitrogen flushing are done to 

remove residual oxygen, ending with a final evacuation of 

the reaction chamber. 

6 .  The reaction chamber is placed inside a preheated labo

ratory oven and heated at 1 0 5 °C for 24 hours. 

7. The chamber is removed from the oven, allowed to cool 

for 1 0  minutes, and opened .  The sample vials are 

removed, and the samples are evaporated to dryness under 

a stream of nitrogen. The samples are reconstituted in 

400 JJ.l of O . lN HC!. The sample vials are capped and 

placed in a refrigerator until use . 

Solutions of individual amino acids are prepared and used as 

controls for the comparision of Rf values. These solutions are made by 

dissolving 1 mg of high-purity amino acid in 1 ml of O . lN HC!.  The solu

tions are stored in tightly sealed glass vials and can be kept in the refrig

erator for 2-4 weeks. 

Tech n i q u e  

Hydrolysates of  proteins have been separated on both silica ge l  and 

cellulose plates ( Brenner et a!. 1 96 5 ) .  A review of the literature indicates 

that cellulose, a highly polymerized polysaccharide, provides advantages 

over other stationary phases for separation of amino acids ( Bhushan 

1 991 ) .  Cellulose plates ( Macherey-Nagel MN300 20 X 20 cm) were used 

during the Getty Conservation Institute TLC course for the analysis of 

proteinaceous binders. 

The cellulose plate is washed in reagent grade methanol 

24 hours before analysis. Approximately 30 ml of methanol are placed in 
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a conventional TLC chamber. The plate is placed in the chamber and 

developed completely to remove any organic impurities on the plate. The 

plate is dried in the fume hood and stored in a desiccator until its use. 

Several solvent systems have been reported for the separation 

of amino acids. Of these systems, the n-butanol : glacial acetic acid : 

water system ( 8 0 :20 :20)  has proven to be most successful for separating 

amino acids on the Macherey-Nagel cellulose plate . For development of a 

TLC plate spotted with unknown, reference, and amino acid samples, 

30 ml of this solvent system are prepared and placed in a clean, dry, 

conventional chromatography chamber. A piece of TLC Whatman paper 

is placed in the solvent inside the chamber to act as a saturation pad. The 

chamber is tilted until the Whatman paper is completely wet with the 

solvent system.  The chamber is covered with a glass lid and preequili-

bra ted in the solvent system for 30 to 45 minutes. 

A developed plate is dried at room temperature in a fume 

hood for about 30 minutes, then evenly sprayed with a ninhydrin reagent 

prepared as a 2 % ( w/w) solution in ethanol .  After spraying, the plate is 

dried, then heated at 100 °C for 1 0  minutes in an oven. 

The plate is evaluated and photographed 24 hours after 

spraying with the detection reagent to ensure complete development and 

visualization of the colored spots. The documentation of TLC plates is 

presented in Chapter 8 .  

Appl ications 

A sample from a fourth-century C.E. Romano-Egyptian sarco

phagus (J. Paul Getty Museum, 82 .AP.75 )  shown in Figure 4 . 1  was 

analyzed by TLC. 

Proteinaceous binders were analyzed and identified by the 

presence or absence of amino acids in the chromatogram.  Samples 

included six amino acid reference solutions, six hydrolyzed reference 

proteins, and a hydrolyzed sample taken from the sarcophagus. In 

addition, two pigment-binder mixtures, made using proteinaceous 

binders, were analyzed to examine possible interferences by pigments. 

Figure 4.2 shows the thin-layer chromatogram for this analysis .  

This chromatogram has seventeen lanes containing a series 

of spots or patterns for each sample. Most spots are colored violet 

to purple. The spot for hydroxyproline is colored yellow, making it 

more difficult to see . The six most important amino acids for identifi

cation of proteinaceous binders are spotted in the first six lanes 

of the plate: glutamic acid, hydroxyproline, lysine, serine, threonine, 

and tyrosine. 

Lanes 1 4- 1 6  contain hydrolyzed pigment-binder mixtures. 

The sample in lane 14 is a mixture of rabbit-skin glue and vine black 

pigment. The sample in lane 1 5  is a mixture of whole egg and lead white 

pigment, and lane 1 6  contains the sample of an egg yolk and lead white 

mixture . The presence of the pigment in these samples does affect the 



Figure 4.1 . 

A photograph of the fourth-century c.E . Romano-Egyptian sarcophagus (J . Paul Getty Museum,  82.AP.75). A sample was taken from a red pigmented area for 

protein analysis by TLC. 

retention of the components, seen as slight tailing of the spots, but does 

not limit the ability to identify the material. 

As seen in Figure 4 .2 ,  animal glues such as rabbit-skin glue 

and fish glue contain relatively large quantities of hydroxyproline, while 

other materials ( i . e . ,  egg and milk products ) do not. Thus, animal glues 

can be identified by the presence of hydroxyproline. However, different 

types of animal glues cannot be distinguished by the chromatographic 

pattern. Casein may be identified by the presence of higher proline 

concentrations and the absence of hydroxyproline . (This identification 

can be tentative due to the variety of ways in which casein is processed 

and used. Such an identification should be confirmed using another 

method.) Other distinctions in the chromatographic patterns are not 

readily obvious by eye. A computer method for identification based on a 

scanned digital image and statistics is currently under development. 

( See Chapter 8, page 76, for additional detail s . )  

A red pigmented sample from the sarcophagus was analyzed 

for the presence of a protein binder. Located in lane 1 7, the sarcophagus 
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Figure 4.2. 
TLC analysis of amino acids, hydrolyzed 

reference proteins ,  and unknown sample taken 

from a Romano-Egyptian sarcophagus. 

Stationary phase: Macherey- N agel MN300 

cellulose. Mobile phase: butanol : acetic acid : 

water (80:20:20). Detection reagent: 0 .2  % 

n inhydrin in ethanol .  Lanes: ( 1 )  glutamic acid, 

(2) hydroxyprol ine ,  (3) lysine, (4) serine, (5) 

threonine, (6) tyrosine, (7) Sigma standard, (8) 

whole egg, (9) egg white, (10) egg yolk ,  ( 1 1 )  

case in ,  ( 1 2) rabbit-skin glue, ( 1 3 )  fish glue, ( 1 4) 

rabbit-skin glue + vine black pigment, ( 1 5) 

whole egg + lead white pigment, ( 1 6) egg yolk 

+ lead white pigment, and ( 1 7) sarco-

phagus sample. 

Striegel . H i l l  

sample is highly concentrated and near the loading limit of the plate. Its 

chromatographic pattern is very similar to that of a hide glue (rabbit-skin 

glue reference ) .  In addition, it contains large quantities of both proline 

and hydroxyproline. Thus, the sample is identified as an animal glue . 

This result was confirmed by gas chromatography. 
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Chapter 5 

Analysis of Carbohydrates by Thin-Layer Chromatography 

The purpose of this chapter is to present: 

• A summary of the history and chemistry of carbohydrates 

or gums as it pertains to artists' materials 

• A description of the methodology, sample preparation, and 

technique for using TLC to analyze gum binders, coatings, 

and adhesives 

• An example of the application of the technique to a gum 

sample from an actual artifact 

A S u m mary of the Use and Chemistry of Carbohydrate B i nders 

Chapter 6 of The Organic Chemistry of Museum Objects (Mills and 

White 1 9 8 6 )  is recommended reading for an understanding of the chem

istry and analysis of carbohydrates .  

Plant gums and other carbohydrates are used as paint 

binders, adhesives, and additives in water-soluble artists' materials. 

Historically, plant gums have been used as binders in Egyptian wall 

paintings. Later they were used as the paint binders in illuminated manu

scripts. Gums such as gum arabic are found in watercolor and gouache 

paints, and gum tragacanth is used as a binder for pastel crayons .  Before 

the modern practice of adding small amounts of glycerol to aqueous 

paint media, simple sugars like honey were sometimes used to promote 

elasticity in watercolors. Starch, another carbohydrate, is often used to 

make adhesive or size. 

Plant gums are carbohydrates, a class of chemicals that 

occur in natural products and are often exuded by plants. Mono

saccharides are the chemical building blocks of carbohydrates. If mono

saccharides are found singly as monomers, they are considered to be 

simple sugars. If  they are chemically bound together in a polymeric 

network, they are considered to be complex sugars, also called polysac

charides. Both simple and complex sugars are used as binding media 

or as binding media additives. Honey consists mainly of sucrose-a 

disaccharide-and variable amounts of the monosaccharides glucose 

and fructose .  Gum arabic, on the other hand, is a complex sugar 

with a polymeric structure containing large amounts of arabinose and 
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galactose; rhamnose, glucuronic acid, and galacturonic acid are minor 

components. 

Analytical Methodology 

Carbohydrates are identified by the presence or absence of certain mono

saccharides within the carbohydrate. To prepare the binding media 

sample for TLC, the carbohydrate is broken into monosaccharides 

by hydrolysis with dilute hydrochloric acid. Hydrolyzed samples, mono

saccharide solutions, and hydrolyzed reference materials are analyzed on 

an HPTLC silica gel plate. The plate is developed in an acetonitrile : 

water solvent system in a sandwich chamber. The individual sugars 

are visualized by spraying the developed plate with an aminohippuric 

acid detection reagent. After heating the plate, it is examined under 

ultraviolet light. A variety of fluorescent colors for the different mono

saccharides are observed, ranging from pink (arabinose ) to orange 

(glucuronic acid ) .  

Sample P reparation 

The samples needed for this carbohydrate analysis include samples of the 

unidentified binding medium, reference carbohydrates (gum arabic, 

cherry gum, etc . ) ,  and monosaccharide solutions (arabinose, rhamnose, 

galactose, etc . ) .  Unknown samples and reference carbohydrates are 

hydrolyzed using a dilute concentration of hydrochloric acid. The hydro

lysis of carbohydrates can be difficult, as it can result in a considerable 

amount of humin formation if carried out in the presence of large 

amounts of inorganic material .  

The samples are hydrolyzed in a Pierce vial fitted with a 

Miniert valve using liquid phase hydrolysis methods. Each sample is 

weighed directly into a 1 -ml vial.  Four hundred ILl of 0 .3N HCI are added 

to each sample. The uncapped glass vials are placed in the 

Pierce vial.  Air is evacuated from the reaction vial using a portable 

vacuum pump. The valve is opened and the interior of the vial is flushed 

with high-purity nitrogen gas. The cycle of evacuating and flushing with 

nitrogen is repeated three times. The assembly is placed in a laboratory 

oven and heated to 95 ± 5 °C for 5 hours. The Miniert valve is opened 

about 10 minutes after the Pierce vial is removed from the oven. The 

Pierce vial is then opened and the sample vials are quickly capped and 

refrigerated until analysis. 

Solutions of arabinose, fucose, galactose, galacturonic 

acid, glucose, glucuronic acid, mannose, rhamnose, ribose, and 

xylose are prepared in a 1 -mg/ml concentration from commercially 

available monosaccharides. Approximately 2 mg of each mono

saccharide is dissolved in 2 ml of HPLC grade methanol to obtain this 

concentration. 



Carbonyl 
compound 
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Techn i q ue 

HPTLC silica gel plates ( Merck silica gel 60 F254 ) are used in the analysis 

of carbohydrates. The plates are first washed in methanol, then activated 

at 1 00 °C for 1 hour. After cooling, they are stored in a desiccator. The 

plates are activated within 24 hours of development. Glass micropipettes 

are used to spot sample solutions on a baseline 1 cm from the bottom of 

the plate. The chromatogram is developed in an acetonitrile : water 

( 8 5 : 1 5 )  solvent system, using a sandwich chamber. Five ml of the 

solvent system are added to the trough of a sandwich chamber. The chro

matographic plate is attached to the backing plate with clamps and 

inserted into the trough. The entire unit is placed inside a covered 

pre saturated cylindrical chamber to prevent air drafts that can affect the 

travel of the solvent front ( see Figure 5 . 1 ) .  The plate is developed to a 

distance of 8 cm, which usually takes 20 minutes .  

After development, the plate is dried in the fume hood.  Then 

it is sprayed with an amino hippuric acid detection reagent: a 0 .3  % 

solution of aminohippuric acid with 3 % phthalic acid in ethanol. This 

solution is made by dissolving 0 .3  g of 4-aminohippuric acid and 3 g of 

phthalic acid in 1 00 ml of ethanol. The solution, which is stable for 

several days, is sprayed onto the plate in a homogeneous coating. It is 

likely that the sugars react with the reagent to form Schiff's bases. The 

plate is dried in the fume hood before being placed in an oven and heated 

at 1 00 °C for 10 minutes.  When viewed under long-wavelength UV light, 

the separated zones fluoresce (Jork et al. 1 9 90 ) .  

C = O  

4-Aminohippuric 
acid 

Reaction 
product 

� NH - CH2- COOH 

C = O  

� NH - CH2- COOH 

The plate is evaluated, then photographed under ultraviolet 

light (366  nm),  using both black-and-white print and color slide film. 

The documentation of the TLC plate is described in further detail in 

Chapter 8 of this book. 

Appl ications 

An 8 00-f.Lg sample of a clear, resinous material was taken from Inlet, a 

Robert Rauschenberg painting executed in 1 9 5 9  (Museum of Contem-
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Figure 5.2. 

TLC analysis of simple sugars, hydrolyzed 

reference carbohydrates, and u nknown sample 

taken from Rauschenberg's Inlet (spotted at 

several volumes). Stationary phase: Merck 

H PTLC sil ica gel 60 F'64' Mobile phase: acetoni

trile : water (85 : 1 5) .  Detection reagent: 0 . 3 %  

aminohippuric acid + 3 .0 %  phthalic acid in  

ethanol. Lanes: ( 1 )  rhamnose, (2)  man nose, (3)  

ribose, (4) Rauschenberg sample, (5)  galactu

ronic acid, (6) fucose, (7) glucuronic acid ,  (8) 

Rauschenberg sample, (9) arabinose, (1 0) xylose, 

(1 1 )  glucose, ( 1 2 )  Rauschenberg sample, ( 1 3 )  

galactose, ( 1 4) gum arabic, ( 1 5) gum traga

canth, ( 1 6) cherry gum,  ( 1 7) dextrin, ( 1 8) wheat 

starch, and (1 9) guar gum.  
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Figure 5 . 1 .  

A schematic d iagram showing the placement o f  a 

sandwich chamber inside a cyl indrical chamber 

to min imize the effect of air currents. 

Lid 

Cylindrical 
chamber 

t:=====J�T---Sandwich chamber 
assembly 

porary Art, Los Angeles ) .  The sample was hydrolyzed according to proce

dures described above. The sample was then spotted onto an activated 

silica gel plate at three different volumes: 0 .2 , 0 .5 ,  and 1 . 0  "d. Monosac

charide and reference solutions were spotted at a 0 .5 -"d volume. 

Figure 5 .2  shows the thin-layer chromatogram for this carbo

hydrate analysis. The chromatographic system allows complete sepa

ration of galacturonic acid, glucuronic acid, galactose, arabinose, and 

rhamnose. Other simple sugars, such as xylose, fucose, and ribose ( not in 

mixture ) ,  or glucose and mannose, are not completely resolved.  The 

ascending order of Rf values for sugars is: galacturonic acid < glucuronic 

acid < galactose < glucose = mannose < arabinose < fucose = xylose = 

ribose < rhamnose. 

All reference gum samples (e .g . ,  gum tragacanth, gum arabic, 

etc . )  analyzed on this plate show distinguishable chromatographic 

patterns .  However, dextrin and wheat starch cannot be differentiated on 

the basis of their chromatograms. 
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The sample from the Rauschenberg painting was spotted in 

lanes 4 , 8 ,  and 1 2, in volumes of 0 .2 , 0 .5 ,  and 1 .0 f.d, respectively. The 

pattern of spots for this sample most closely matches those of the starch 

and dextrin reference solutions. Glucose, with an Rf value of 0 .275,  is the 

most prominent monosaccharide in these three samples. Lane 12 ,  the 

lane with the largest volume of the binding media sample on the plate, 

shows a faint orange spot with an Rf value of 0 .406 .  This spot is 

characteristic of xylose or ribose. The sample from the Rauschenberg 

painting may be an adhesive made from dextrin or starch with a plasti

cizer added ( Fishman 1 9 8 6 ) .  This result is confirmed by FT-IR 

microscopy, where the infrared spectrum of the Rauschenberg sample 

most closely resembles a dextrin spectrum. 
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Chapter 6 

Analysis of Waxes by Thin-Layer Chromatography 

The purpose of this chapter is to present: 

• A summary of the history and chemistry of waxes as it 

pertains to artists' materials 

• A description of the methodology, sample preparation, and 

technique for using TLC to analyze wax binders, coatings, 

and adhesives 

• An example of the application of the technique to a wax 

sample from an actual artifact 

A S u mmary of the Use and Chemistry of Wax B i nders 

Chapter 4 of The Organic Chemistry of Museum Objects ( Mills and 

White 1 9 8 6 )  presents the chemistry and analysis of waxes and is recom

mended reading. Waxes are generally considered to be low-melting trans

lucent solids with a "waxy" feel. 

Waxes were used by the Egyptians as waterproofing materials, 

adhesives, and paint binders. The encaustic technique involves the suspen

sion of pigments in a wax binder to create a painting. Waxes have been 

utilized for candle making since the Roman era, and since medieval times 

as a component of document seals. They are also used in metal casting 

techniques, and in such conservation practices as the relining of paintings. 

Waxes are chemically complex materials that contain long

chain hydrocarbons, acids, alcohols, and esters .  In addition, they may 

contain plant sterols, triterpenoids, and their esters. Waxes are products 

originating from several sources, including animals, insects, plants, and 

minerals .  Insect and animal waxes include beeswax, spermaceti wax, and 

lanolin. Plant waxes include carnauba wax, candelilla, and Japan wax. 

Other waxes are associated with fossilized materials, such as ceresine 

wax, earth wax, and paraffin (a petroleum product ) .  

Analytical Methodology 

A phenomenological approach is taken for the identification of waxes 

by TLC. The chromatographic patterns of reference and unknown mate-
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rials are studied. The number, location, and color of spots are noted. The 

identification is based on how closely the pattern of the unknown sample 

matches the pattern of a reference material. 

The wax samples are dissolved in chloroform, then spotted on 

an HPTLC silica gel plate . The plate is developed in a sandwich chamber 

containing a petroleum ether, diethyl ether, and acetic acid solvent 

system. The separated components of each wax sample are visualized by 

spraying with an anisaldehyde detection reagent. The plate is heated after 

spraying, then examined under ultraviolet light, where some components 

of the waxes are seen as fluorescent spots. 

Sample Preparation 

Reference and unknown sample solutions are prepared in a concentration 

of 10 f.Lg/f.d. The reference sample solutions are made by dissolving 800 

f.Lg of a reference material in  8 0  f.LI  of chloroform. The reference materials 

include the following waxes: candelilla, carnauba, ceresine, earth, Japan, 

montan, paraffin, rice, spermaceti, bleached beeswax, white beeswax, 

and yellow beeswax. 

All solutions are stored in 250- f.LI insert vials, inside Teflon 

capped vials, optimal for preventing evaporation of the solutions. The 

samples are heated at 40 °C for 30 minutes before they are applied to the 

chromatographic plate. 

Tech n i q u e  

All  samples are prepared in  reagent grade chloroform. The samples are 

analyzed on 10 X 1 0  cm HPTLC silica gel plates (Merck silica gel 

60 F254 ) .  The plates are washed with reagent grade methanol and acti

vated for 1 hour in a 1 00 °C oven, and are used within 24 hours after 

activation. Samples are spotted using glass micropipettes, on the baseline, 

1 cm above the bottom of the plate. 

For wax analysis, the solvent system for the development 

is a petroleum ether : diethyl ether : acetic acid (90 : 1 0 : 1 )  mixture. The 

development of the chromatographic plate is done in a sandwich 

chamber. Five ml of the solvent system is placed in the trough of the 

chamber. The chromatographic plate is clamped to the backing plate 

and placed in the trough. The whole assembly is placed inside a cylin

drical chamber that is covered to prevent the solvent front from being 

affected by air drafts. The plate is developed for 8 cm, which usually 

takes 1 0- 1 5  minutes. 

The plate is removed from the chamber and allowed to dry in 

the hood at room temperature for 30  minutes. The separated components 

of the wax samples are visualized by spraying the plate with an 

anisaldehyde-sulfuric acid detection reagent. 



Figure 6 . 1 .  

A photograph o f  t h e  encaustic facsimi le prepared 

for binding media analysis. A sample was taken 

from the edge of the facsimi le for wax analysis 

by TLC. 
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The detection reagent is made by combining 0 .5  ml of anisal

dehyde, 10 ml of acetic acid, 84 .5  ml of methanol, and 5 ml of concen

trated sulfuric acid .  The reagent remains stable for several weeks when 

stored in a laboratory refrigerator. Anisaldehyde-sulfuric acid is a 

universal detection reagent for natural products and makes color differ

entiation in these materials possible. The background acquires a reddish 

coloration if the plate is heated too long. It can be decolorized again by 

interaction with water vapor (Jork et al.  1 990 ) .  After the plate is 

sprayed with the detection reagent, it is dried again in the hood for 

1 5-30 minutes, then placed in the oven and heated between 90 

and 125 °C for 1-15  minutes.  Separation zones of various colors are 

seen on an almost colorless background and are often fluorescent 

under long-wavelength UV light. 

Appl ications 

Wax samples from both facsimile and actual museum objects have been 

analyzed by TLC. One sample for wax analysis came from an encaustic 

facsimile painting (shown in Figure 6 . 1 )  made for testing the analytical 

techniques under development. The sample was taken from the edge of 

the panel. A sample solution of 16 J.1gl,..d was made by dissolving 8 1 0  J.1g 

of the sample in 50 J.1l of chloroform. 

A second unknown sample was taken from a lining adhesive 

on Water Lilies by Claude Monet, painted circa 1 920 (Museum of Modern 

Art, New York ) ,  shown in Figure 6 .2 .  When the painting was brought 

into the conservation laboratory for technical examination, a sample was 

taken. The lining adhesive was thought to be a wax-resin mixture . The 

unknown sample solution, whose concentration was 26 J.1g/J.11, was made 

by dissolving 1 .3 mg of the sample in 50 J.11 of chloroform. 

Wax binders were identified by comparison to known mate

rials. Unknown samples included material from the encaustic facsimile 

painting, and relining material from the Monet Water Lilies. Twelve 

reference waxes were analyzed on the same chromatographic plate with 

the unknown samples.  Figure 6 .3  shows the thin-layer chromatogram for 

the identification of wax binders. 

Identification of the individual components of each wax was 

not attempted. Instead, the chromatographic patterns of the unknown 

samples were compared to the reference waxes. Separation of at least 

nine spots was seen for bleached beeswax, white beeswax, and yellow 

beeswax, spotted in lanes 1 1 ,  12 ,  and 1 3 ,  respectively. This distinct 

pattern is also seen in lanes 9 and 1 0 ,  which contain the encaustic 

facsimile and Monet painting samples, respectively. No other reference 

material displays this pattern, although each has a characteristic 

pattern of its own. 

The encaustic facsimile painting was manufactured for the 

Scientific Program at the Getty Conservation Institute as a study piece for 
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Figure 6.2. 

A photograph showing Water Lilies, ca. 1 920, 

by Claude Monet (collection of the Museum of 

Modern Art, New York). A sample of l in ing 

material was taken from the painting for  wax 

analysis by TLC. 

Figure 6.3. 

TLC analysis of reference waxes, a sample taken 

from the encaustic facsimile, and an unknown 

sample of rel in ing material taken from Monet's 

Water Lilies. Stationary phase: Merck H PTLC 

sil ica gel 60 F254. Mobile phase: petroleum 

ether : diethyl ethe r : acetic acid (90 : 1 0 : 1 ) .  

Detection reagent: anisaldehyde in  acidifed 

ethanol. Lanes: ( 1 )  candel i l la wax, (2) carnauba 

wax, (3) ceresine wax, (4) earth wax, (5) Japan 

wax, (6) montan wax, (7) rice wax, (8) synthetic 

spermaceti wax, (9) encaustic facsimile,  ( 1 0) 

Monet painting, ( 1 1 )  bleached beeswax, (1 2)  

wh ite beeswax, ( 1 3 )  yellow beeswax, and ( 1 4) 
paraffin wax. 
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the validation of analytical methods. The binder used in the portrait was 

beeswax, as confirmed by this analysis. Also, the relining material 

of the Monet Water Lilies was identified as beeswax. This result was 

confirmed by gas chromatography/mass spectrometry. 
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Chapter 7 

Analysis of Resins by Thin-Layer Chromatography 

The purpose of this chapter is to present : 

• A summary of the history and chemistry of resins as it 

pertains to artists' materials 

• A description of the methodology, sample preparation, and 

technique for using TLC to analyze resin coatings 

• Examples of the application of the technique to resin 

samples from an actual artifact 

A S u m mary of the Use and Chem i stry of Res in Coati ngs 

A detailed presentation of the chemistry and analysis of natural resins 

and lacquers is given in chapter 8 of The Organic Chemistry of Museum 

Objects (Mills and White 1 9 8 6 ) .  

Natural resins are most often used a s  varnishes for paintings 

or furniture, or as a component of a complex binding medium. The resin 

coating provides an increase in the gloss and translucence of a paint or 

surface. Mastic from the Greek islands and dammar from Southeast Asia 

are high-quality natural resins used as picture varnishes. Also, paint 

media can be made from a mixture of oil, mastic, and wax. Other resins, 

such as dragon's blood or orange shellac, are used as a colored varnish 

for musical instruments, or applied as a glaze on gold or silver leaf. 

Shellac, made from the secretions of lac insects, is used for furniture 

finishing and for primers on the grounds of paintings (Kuhn 1 9 8 6 ) .  

Some natural resins are water-insoluble by-products exuded 

from plants and trees, while others are natural lacquers that are water-oil 

emulsions tapped from trees. Most resins are classified as terpenoids, 

compounds made up of isoprene units ( Mills and White 1 9 8 6 ) .  Natural 

resins contain mono-, sesqui-, di-, and triterpenoids. Monoterpenoids are 

found in oil of turpentine, although the composition depends on the 

source of pine resin used. Other oils, such as camphor or the oil of 

rosemary, are monoterpenoid products. Diterpenoid resins are found in a 

larger group of materials, including Canada balsam, rosin, colophony, 

sandarac, copals, and copaibas. Dammars and mastic are examples of 

triterpenoid resins. Elemis contain a good deal of liquid sesquiterpenes, 

as well as monoterpenes. 
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Analytical Methodology 

Of the types of binding media studied in this research, resins are the 

most difficult to identify and differentiate by thin-layer chromatog

raphy because there are more components per resin than for other 

binding media, and it is problematic to obtain complete separations. 

The resin solutions are prepared by dissolving samples in ethyl acetate. 

The analysis is performed on silica gel plates in a sandwich chamber, 

using a benzene and methanol solvent system. The separation of compo

nents with the resin samples improves with multiple developments. 

The chromatographic plates are usually developed two or three times 

in the same solvent system to improve the resolution of the spots. 

The plate is sprayed with an antimony trichloride detection reagent 

and examined under ultraviolet light to visualize the pattern of 

fluorescent spots for each sample. 

Sample Preparation  

Sample preparation involves the dissolution of the unknown resin sample 

or the reference resin in an appropriate solvent. Ethyl acetate was found 

to effectively dissolve the resins of interest ( Gettens and Stout 1 96 6 ) .  The 

reference resins in these studies included the following: amber, benzoin, 

colophony, Congo copal, dammar, dragon's blood, elemi, gamboge, 

Manila copal, mastic, myrrh, sandarac, and shellac. All reference resin 

samples are prepared in a concentration of approximately 3 mg per ml by 

adding 6 mg of the material to 2 ml of reagent grade ethyl acetate. The 

soluble portion of the resin goes into solution in ethyl acetate, while the 

insoluble portion settles to the bottom of the vial. All unknown sample 

solutions are made at a concentration of 5 fLg per fLl in reagent grade 

ethyl acetate. Both the known and unknown resin solutions are prepared 

at least 24 hours before analysis. 

Technique 

HPTLC silica gel  plates (Merck, 10 X 10 cm silica gel  60 F254) are used to 

analyze resins. The plates are prepared, cleaned, and activated, following 

the same procedure used for carbohydrates and waxes .  Sample solutions 

are spotted on the origin line, using glass micropipettes. 

Resin analysis uses a benzene : methanol ( 9 5 : 5 )  solvent 

system in a sandwich chamber and with a multiple development tech

nique. The chromatographic plate is developed once to a distance of 

8 cm, which usually takes 30 minutes.  Then it is removed and dried for 

30 minutes in the hood. The plate is placed in the same sandwich 

chamber a second time, and the solvent front travels up the plate 

again (in the same direction) for the same distance. The plate may be 

dried and developed a third time. 
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The chromatographic plate is sprayed with an antimony 

trichloride detection reagent. It can be purchased commercially in solu

tion, ready to use as a detection reagent for TLC analysis. Or the solution 

can be prepared in the laboratory by dissolving 1 0  g of antimony (III )  

chloride in 5 0  ml of chloroform or carbon tetrachloride. The solution is 

sprayed evenly over the TLC plate. The plate is dried, heated at 1 1 0- 1 20 

°C for 5-1 0 minutes, and examined under ultraviolet light. Antimony 

trichloride forms colored 'IT-complexes with double bond systems. 

\ /  
C I I  
C 
/ \ 

Double bond 
system 

\ /  ffx SbC1 3 
+ SbC13 ---tl.� A 

C 
/ \ 

1t -complex 

Under long-wavelength UV light, variously colored fluorescent sepa

ration zones are seen. Antimony trichloride is the preferred detection 

reagent for natural resins and balsams, but similar results can be 

obtained with antimony pentachloride. NOTE: Both detection reagents 

are corrosive and toxic and should be handled with extreme care. 

Appl ications 

Four unknown resin samples were analyzed. Another sample was taken 

from the Monet relining mentioned in Chapter 6, and prepared in the 

ethyl acetate carrier solvent. The second sample was an adhesive from 

Pietre Dure's Portrait of Pope Clement VII, shown in Figure 7. 1 .  The 

third was a varnish sample from a late nineteenth-century urn from the 

Mathews' workshop ( Oakland Museum) ,  shown in Figure 7 .2 .  The 

fourth sample, seen in Figure 7 .3 ,  was from the finish on a German 

rolltop desk, circa 1 78 5 ,  attributed to David Roentgen. All unknown 

sample solutions were made at a concentration of 1 0  j.Lg per j.Ll in reagent 

grade ethyl acetate. 

Resin analysis by TLC is often difficult to interpret, and the 

following examples highlight the care with which the chromatograms 

must be evaluated.  Two resin analyses by thin-layer chromatography are 

shown. Figure 7.4 shows the thin-layer chromatogram for the analysis of 

the resin component of the Monet relining material. Figure 7 .5  shows the 

thin-layer chromatogram for the analysis of the finishes of the Mathews' 

urn and the Roentgen desk, as well as the adhesive used on the Dure 

portrait. These chromatograms contain a large number of spots that fluo

resce in a variety of colors. Both the locations of the spots and the colors 

are significant. Identification is based on comparison of the unknown to 

the reference materials. 
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Figure 7.1 . 

A front and back view of the Portrait of Pope Clement VII by Pietre Dure (J .  Pau l Getty Museum, 92.SE .67). A sample was taken from the adhesive of the 

portrait for resin analysis by TLC. 

Figure 7.2. 

A photograph of two nineteenth-century urns 

from the Mathews' workshop (collection of the 

Oakland Museum). A sample was taken from the 

finish of one urn for resin analysis by TLC. 



Figure 7.3. 
A photograph of German rolltop desk, ca. 1 785, 

attributed to David Roentgen (J . Paul Getty 

Museum, 72. DA.47). A sample of the finish was 

taken from an interior edge of a drawer of the 

desk for resin analysis by TLC. 

Figure 7.4. 
TLC analysis of reference resins and an unknown 

sample of rel in ing material taken from Monet's 

Water Lilies (spotted at several volumes). 

Stationary phase: Merck H PTLC si l ica gel 60 F'54' 

Mobile phase: benzene : methanol (95 :5) .  The 

plate was developed three times before 

detection. Detection reagent: Sigma Chemical 

antimony trichloride reagent. Lanes: ( 1 )  amber, 

(2) benzoin ,  (3) colophony, (4) Monet painting, 

(5) Congo copal, (6) dammer, (7) dragon's 

blood, (8) Monet painting, (9) elemi, ( 1 0) 

gamboge, (1 1 )  Manila copal, ( 1 2 )  Monet 

painting, ( 1 3 )  mastic, ( 1 4) myrrh , ( 1 5) sandarac, 

(1 6) shellac, ( 1 7) bleached beeswax, and ( 1 8) 

Monet painting. 
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Figure 7.5.  

TLC analysis of additional resin samples. 

Stationary phase: Merck HPTLC sil ica gel 60 F,5 •. 
Mobile phase: benzene : methanol (95 :5) .  The 

plate was developed three times before 

detection .  Detection reagent: Sigma Chemical 

antimony trichloride reagent. Lanes: ( 1 )  amber, 

(2) benzoin ,  (3) colophony, (4) Congo copal, (5) 

dammer, (6) dragon's blood , (7) elemi, (8) 

gamboge, (9) Manila copal, ( 10) mastic, ( 1 1 )  

myrrh, ( 1 2) shellac, ( 1 3 )  sandarac, ( 1 4) ,  Pope 

Clement adhesive, ( 1 5) Mathews' urn f in ish,  and 

( 1 6) Roentgen desk fin ish .  
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The chromatograms were developed three times. Threefold 

development improves the separation of the components within each 

sample, but the solvent front shows more curvature than in a twofold 

development. Depending on the nature and the need for resolution within 

the sample, two- or threefold development can be used. In many situa

tions, an identification of the resin can be made after two developments. 

The Monet sample, analyzed in the chromatogram shown in 

Figure 7.4, was spotted at four different volumes. Lanes 4 , 8 ,  12, and 1 8  

of the chromatogram contain 0 .2 ,  0 .5 ,  1 . 0 ,  and 2 .0  /-11 of the sample, 

respectively. The chromatographic pattern of this sample shows fourteen 

or more spots, most of which have Rf values less than 0 .422.  This pattern 

most closely resembles that of elemi, located in lane 9 of Figure 7.4 .  Most 

obvious is the intense yellow spot located in each lane with an Rf of 

0 .5 1 8 .  The differences between the Monet sample and the reference elemi 

are probably due to the presence of other resinous additives within the 

Monet sample. Several spots in lane 1 2  of the Monet sample's chro

matogram are similar to the mastic sample in lane 1 3 .  Both mastic and 

gum elemi are known to be components of the "Dutch process" 

wax-resin relining mixtures (Plenderleith and Cursiter 1 93 4 ) .  The 

presence of mastic in the Monet sample was confirmed by both FT-IR 

microscopy and gas chromatography/mass spectroscopy. 
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The Pope Clement sample in lane 14 of Figure 7 .5  contains 

some spots similar to that of the colophony resin (a balsam) in lane 3. An 

intense blue spot seen in the sample is not analogous to any material on 

the plate. It may be due to an impurity or an additive in the resin. Alter

natively, the reference material may not be a good match because there 

are multiple types of balsams or pine tree resins that can vary in their 

composition due to the source and type of tree .  While the analysis of the 

sample by FT-IR microscopy confirms that the material is a balsam, there 

is also the possibility that the blue spot is due to an added component 

that was below the detection limit of the IR.  

The finish on the Mathews' urn cannot be identified by 

comparison to the reference materials on this plate. The solubility 

of the material and the complex pattern of fluorescent spots seen in 

the chromatogram display characteristics of a resinous material, but 

the sample does not match any reference. Information supplied later by 

the conservator of the piece indicated that the resin may be bitumen. 

Further analysis with bitumen or other reference materials may 

identify the finish. 

The chromatogram for the Roentgen desk finish sample in 

lane 1 6  resembles the pattern seen in lane 12 for shellac. It shows two 

spots that are distinctive of a shellac located near the origin of the plate. 

The first, at the origin, has a distinctive orange color associated with a 

shellac resin. Other spots seen in the Roentgen desk sample may be due 

to the presence of waxes or other impurities, since waxes can also be 

detected with the antimony trichloride detection reagent. The presence of 

shellac was confirmed by FT-IR microscopy. 
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Chapter 8 

Visualization, Interpretation, Documentation, and 

Computer Analysis of Chromatographic Plates 

The purpose of this chapter is to present: 

• An overview of visualization reagents for use in detection 

of TLC spots 

• A discussion of qualitative and quantitative methods 

of interpretation of TLC plates 

• A description of proper techniques for documentation of 

TLC experiments 

• Information on the application of computer imaging for the 

evaluation of the TLC plate 

Visual ization Reagents 

Once the components of a sample are separated, we must be able to recog

nize where the spots for each component lie on the plate. Some compo

nents may be colored compounds and easily recognized, while others may 

be colorless and must be detected by other means. Visualization, which 

is based on physical or chemical principles, may be destructive or nonde

structive to the separated molecules. An nondestructive method of 

visualization leaves the component unchanged after detection, while a 

destructive method permanently alters the component. 

Physical Methods 

These visualization methods are based on plate observation under ultra

violet radiation. This can be used in two ways . One type of spot location 

involves the absorption of UV radiation, and the subsequent fluores

cence, by the component. If  the TLC plate contains no fluorescent 

reagent, the component will be seen as a bright spot on a white back

ground, meaning that the component fluoresces under these conditions. 

A second way of locating the component is carried out by adding a fluo

rescent reagent to the TLC plate. With this method, nonfluorescing 

components are seen as dark spots on a fluorescing background. 

In both physical methods, a UV lamp is needed that is capable 

of emitting radiation at short wavelengths (264 nm) and long wave

lengths ( 3 6 6  nm ) .  Mercury vapor lamps are usually used as the UV 
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source. Less intense fluorescent tube lamps can also be used. Several 

laboratory UV lamps are specially designed for the examination of TLC 

plates .  They range from handheld models to those in elaborate 

cabinets designed for viewing and photodocumentation. 

Chemical Methods 

These visualization methods involve the reaction of a detection reagent 

with the sample components; detectable substances ( derivatives)  are 

formed. The chemical detection reagent reacts with the compound, 

rendering it either visible under normal light or fluorescent under UV 

light. The chemical detection reagent can be reacted with the compound 

during sample preparation, at the start of the chromatographic sepa

ration, or after chromatographic development. The third method, called 

postchromatographic detection or derivatization, is the most com-

mon way of visualizing separation zones. 

The aims of postchromatographic derivatization include: 

• facilitating the detection of colorless separation zones; 

• increasing the selectivity of the detection; and 

• improving the detection sensitivity. 

The detection reagent may be a vapor or a liquid. Liquid detection 

reagents may be sprayed onto the plate, or the plate may be dipped into 

the reagent. The reaction between the detection reagent and the chro

matogram may result in a permanent change to the separated compo

nents, or it may be transient in nature and leave the separated component 

unchanged. These chemical detection reagents can be universal reagents 

or substances that react with particular functional groups. 

Spraying is the most common method of applying the 

detection reagent to the TLC plate. A glass sprayer is normally used 

and is connected to a pressure supply, such as a hand pump or a 

gas cylinder. Spraying can be carried out at pressures of 0 .6-0 . 8  bar, 

from a distance of 20-3 0 cm in a suitable spray booth or fume hood. The 

spray is applied in the " back and forth, up and down" pattern shown in 

Figure 8 . 1 .  After the plate is sprayed, the glass sprayer and the spray 

booth should be carefully cleaned so that undesired reactions do 

not occur between detection reagents. Some detection reagents should 

Figure S.1. 
Spray pattern for the application of the visual· 

ization reagent. 
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never be sprayed because they can cause explosions in the exhaust duct of 

the fume hood or the spray chamber. These detection reagents include 

manganese heptoxide- and perchloric acid-containing reagents, sodium 

azide, and iodine azide solutions. 

Dipping is a viable alternative to spraying as a method of 

application. Dipping usually results in a more homogeneous coating than 

careful spraying. It also provides an increased reproducibi lity in the 

detection of the separated compounds. Dipping can be performed in a 

conventional TLC developing chamber, but the required volume of 

detection reagent for dipping is usually prohibitive. Low-volume dipping 

chambers and automated ,  time-controlled dipping apparatus are 

commercially available. Care should be taken in the choice of solvent 

used in preparing the detection reagent, since some separated 

substances may dissolve and subsequently be removed from the TLC 

plate before they can be visualized. The dipping time should be 

5 seconds or less. 

A third method of application is exposure of the TLC plate to 

the vapors of the detection reagent . This is commonly done with a 

detection reagent such as iodine. Iodine vapors usually stain organic 

compounds, making spots yellow and leaving the background 

white. Iodine vapors are a nonspecific, usually nondestructive way of 

detecting many substances. 

Almost all chemical reactions proceed more rapidly at 

elevated temperatures.  TLC plates treated with a detection reagent 

should usually be heated to promote the desired reaction.  Heating to 

1 00-1 20 °C for 5-1 0 minutes is usually sufficient to complete the 

reaction.  The plate should be heated as evenly as possible to ensure a 

homogeneous reaction. Heating of the plate can be performed with care 

in laboratory ovens or on hot plates. The advantage of the hot plate is 

that it allows for the direct viewing of the reaction.  NOTE: The hot 

plate must be placed in a fume hood away from flammable solvents to 

prevent exposure to hazardous fumes that may be emitted from the 

surface of the TLC plate. 

Specific detection reagents that are used for analysis of 

artists' materials have been described in previous chapters. We selected 

them for their sensitivity of detection, and in some cases for their 

relatively low toxicity. For example, the " best" detection reagent for 

monosaccharides is a solution of aniline and phthalic acid. Aniline is a 

known carcinogen and is difficult to handle carefully. Aminohippuric 

acid was chosen instead because it provides good detection of monosac

charides and is a much less hazardous material. In other cases, as with 

the detection of resins, no viable alternative was found to antimony 

trichloride, which requires extreme care in handling. Other detection 

reagents have been reported in the literature for the detection of amino 

acids, sugars, terpenes, and other components similar to those found 

in binding media. Several literature sources ( Bruno et al. 1 9 89 ;  Jork et al .  

1 990;  Touchstone and Dobbins 1 9 83a )  provide detailed information 

on the use and preparation of detection reagents. 
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Interpretation  of the TLe Plate 

The interpretation of a TLC plate can be a qualitative or a quantitative 

process, depending on the particular analysis. For example, the indi

vidual components of a hydrolyzed carbohydrate sample can be quan

tified using standard solutions of monosaccharides. But quantification is 

not necessary in order to distinguish between most carbohydrate binders, 

coatings, or adhesives. The quantification of individual amino acids in a 

protein sample, alternatively, may provide information that cannot be 

elucidated simply by noting the presence or absence of certain amino 

acids. The following sections describe qualitative and quantitative 

methods of evaluating a TLC plate. 

Qual itative Methods 

A major application of TLC is the qualitative identification of 

compounds, based on the numbers, colors, and Rf values of separation 

zones ( Sherma 1 9 9 1 ) .  Identification can be aided by using more than one 

detection reagent, often applied in sequence to a single chromatogram. 

For example, the visualization of proline and hydroxyproline with 

ninhydrin results in yellow spots that can be difficult to notice. If the 

plate is sprayed with an isatin detection reagent after detection with 

ninhydrin, the proline and hydroxyproline separation zones can be seen 

as blue spots on a yellow background .  

Rf values of the separation zones are compared to  those of 

reference materials for identification of unknown samples.  The Rf 
value is easily determined with an accurate ruler. The first step in calcu

lating the Rf value is the measurement of the location of each separa-

tion zone. This value is measured from the origin of the plate to the center 

of the separation zone, db as shown in Figure 8 .2 .  Next, the distance 

from the origin to the solvent front, d" is measured . The Rf value is 

calculated by dividing the distance to the center of the separation zone 

by the distance to the solvent front, d1/ds• 
An example of this calculation is shown in Figure 8 .3 .  

Another method for the determination o f  d 1  i s  t o  measure the distance 

from the origin to the nearest edge of the spot, 51. and the distance 

from the origin to the farthest edge of the spot, 52; then average the two 

values to find the center distance. An example of this calculation is 

shown in Figure 8 .4 .  

Once the Rf values of the components of the sample and 

reference materials are determined, they must be compared. One way to 

do this is to prepare a table listing the Rf values for each sample or 

reference material in one column and the corresponding color of the 

separation zone in a second column. An example of this method is shown 

in Figure 8 . 5 .  The pattern of Rf values and colors for the unknown 

sample may match one of the reference materials.  The Rf values should 

agree within ± 3 % compared to the reference material chroma to

graphed under the same conditions ( Sherma 1 99 1 ) .  If  the chromatogram 

does not match any reference material, it may be reanalyzed using 

different reference materials.  



Figure 8.2.  

An i l lustration of a TLC separation zone, indi

cating the orig in ,  separation zone, and solvent 

front. 

Figure 8.3. 

Calculation of the R, value by the center spot 

method. 
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For confirmation of an identification by TLC, the unknown 

sample and reference materials can be separated using a TLC system with 

a different separation mechanism (e ,g . ,  adsorption, partition, reversed 

phase ) .  The Rf values of unknown and reference materials are compared 

for the second separation and should result in the same identification. 

Quantitative Methods 

There are several methods for the quantification of a solute by TLC, 

including visual estimation, zone elution, and scanning densitometry. 

The simplest method for semiquantitative analysis is a 

visual evaluation of the size and intensity of the spots of the unknown 

sample compared to known standard solutions. A series of standard 

solutions is made by accurately weighing samples of reference materials 

similar to components thought to be in the sample. These solutions 

are spotted on the same plate as the unknown sample and chroma to

graphed under identical conditions. A template is used to estimate the 

size of the separation zones for unknown and standard samples . A 
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Figure 8.4. 

Calculation of the Rf value by the averaging 

method. 

Figure 8.5.  

An example of a data sheet for documenting TLC 

data. 
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clear template has a series of circles of varying diameters marked on 

it. The template is positioned over the separation zone so that the 

d iameter of the circle is matched to the diameter of the spot. Once the 

diameter of each spot is recorded, the intensity of the spot is visually 

ranked.  By comparing the size and intensity of the spots found for 

0.62 

the unknown sample to spots of standard reference solutions, a relative 

amount of the components of the unknown sample can be estimated. 

For this technique to succeed, good separation of zones is 

needed, and the Rf values of the zones must be large enough so that the 

spot is not too concentrated.  Solutes with Rf values between 0 .3  and 0 . 7  

are readily evaluated b y  this method. The visual comparison method 

works best if amounts near the detection limit are applied and if the 

sample is closely bracketed with standards. This method has the accuracy 

and reproducibility in the 1 0-3 0 %  range, and has seen little use in 

recent years due to the appearance of more accurate methods, such as 

scanning densitometry. The advantage of the visual estimation method is 

that little instrumentation is needed. As stated, disadvantages include 

lower accuracy and poor reproducibility. 

Zone elution is another solute quantitation method and 

is described in detail elsewhere ( Sherma 1 99 1 ;  Touchstone and Dobbins 

1 9 8 3 c ) .  A brief summary of the method is presented here. The zone 

elution method involves the removal of the individual separation zones 

from the TLC plate and quantification by an independent microanalytical 

method, such as solution spectrophotometry, gas chromatography, or 

Spot Unknown 1 Reference 1 Reference 2 

Rf Color Rf Color Rf Color 

1 0.42 blue 0.38 orange 0.42 blue 

2 0.5 1 blue-green 0.52 blue-green 0.5 1  blue-green 

3 0.79 pink 0.81 purple 0.79 pink 



Optical Methods 

Optical methods of q uantitative analysis 

fal l i nto two categories-those based 

on measur ing the change in trans

m ittance o r  reflectance of the chroma

togram caused by the presence of 

the com ponent;  and those based on 

the transformation of the i l l u m i nati ng 

l ight energy i nto longer  wavelength 

energy, such as f luorescence by 

the com ponent.  

I n stru ments for scan n i n g  densitometry 

are basical ly  optical systems that 

have a l ight source, condensing and 

focus ing system s ,  and a photosens ing 

detector. They are usual ly capable of  

adsorbance, reflectance, or  f luorescence 

measurements in a spectral range 

from 200 to 800 n m .  The i n stru ments use 

two light sources to cover this spectral 

range, a deuteri u m  lamp for the 

UV region ,  and a tungsten or tungste n 

halogen lamp f o r  t h e  vis ib le regi o n .  

I n  addition ,  a mercury vapor l a m p  i s  used 

to provide sufficiently high energy for 

scan n i n g  by f luorescence. 

The fol lowing wil l  descri be the process 

of dens itometry from the i l l u m ination of 

the plate through the detection of 

the Signal to the calculation of the concen

trat ion of the compo nents. 

Densitometers can be o perated i n  a 

transm iss ion or a reflectio n  mode.  I n  the 

transmiss ion mode, the TLC plate is 

i l l u m i nated from the glass s ide of the 

plate, and the photosensitive detector is 

placed on the sample s ide of the plate . 

The l ight passes through the plate before 

it is detecte d .  I n  this arrangement, the 

presence of a separation zone causes a 

change in the intensity of the l ight 

source.  In the reflection mode, the l ight 

sou rce and the detector are located on 

the same side of the TLC plate. In this 

case, the l ight source i s  reflected from the 

su rface of the TLC p late. The presence 

of a separation zone alters the amount of 

l ight reflected .  In general, trans m i ss ion 
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voltametry. In the first step of the zone elution method, the layer is 

fully dried to remove any mobile phase . Next, the separation zones are 

removed by scraping and collecting the layer containing the solute. 

Then the solute is eluted from the sorbent layer with appropriate 

solvents. Finally, the concentration of the solute in the solution is deter

mined. Zone elution is a tedious and time-consuming method, and is 

likely to be inaccurate due to loss of sorbent during scraping and 

collection, background interferences, or difficulties of locating 

exact zone boundaries .  

In  situ scanning densitometry i s  the most commonly used 

method of quantitation and involves plotting the adsorbance or fluores

cence of light from a scanned lane of the TLC plate . The plate is 

scanned with a beam of light and a detector. The intensity of the light 

reaching the detector changes in the presence of a separation zone. This 

change is a function of the amount of analyte present in the separation 

zone. The amount of any given component in an unknown sample is 

determined by comparing a plot of its separation zone to a standard cali

bration curve made from plots of reference materials chromatographed 

on the same plate . 

Docu mentation 

The information produced in a TLC separation can be recorded for 

storage or documentation as a manual-graphical reproduction, a 

photocopy, a photograph, or an autoradiograph. Also, the plate can be 

scanned using computer techniques, and the raw data can be stored 

in databases. This section describes general and photographic methods 

of documenting a TLC plate. Written records of the conditions under 

which a chromatogram is made are also discussed. 

Manual-Graphical Methods 

The simplest form of documentation is the preparation of a list of Rf 
values for each sample. Often, listing the Rf values does not give a 

true picture of the chromatogram because there is no description of 

the size and shape of the separation zones. The list can be augmented 

with a description of the color of the zones. 

A tracing of the chromatogram can be made, and the shapes 

of the separation can be carefully hand drawn. Colors can be denoted 

using a hatch-mark system (Touchstone and Dobbins 1 9 8 3 b ) .  This deno

tation can also be used on photocopies of the chromatogram. Either 

the tracings or photocopies can be adhered into a research note-

book using archival tape or glue. This method is a good choice when 

the color of the spots is subj ect to fading over time. 

Photographic Methods 

An excellent description of photography for documentation of TLC 

plates is provided elsewhere (Vitek 1 99 1 ) . Photography is the preferred 

method for permanently documenting a chromatogram.  Standard 
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modes are used if the layer med ium is 

clear, as in gel e lectrophoresis .  With m ost 

TLC plates the sorbent layer is too turbid 

to permit trans m i ss ion measu re ments .  

The reflection m ode becomes the  method 

of choice.  

The separation zones are spatial ly 

d istri buted over the su rface of the TLC 

plate. This spatial i nformation is turned 

into a t ime-dependent s ignal by scan n i n g  

t h e  p late with t h e  l i g h t  b e a m  i n  t h e  form 

of a slit or  a point .  One-dimens io nal 

separations are usual ly scan ned lane by 

lane, where the lane is the rectangu lar 

area defi ned by the length of the 

development and the width of the spots. 

The lane can be scan ned i n  a variety 

of patterns from a z igzag to a mean

dering scan. 

The d i ffusely reflected l ight i s  

measu red by the  photosensor of the 

densitometer. This photosensor m ay be a 

photo m u lt ip l ier  tube,  a so l id  state d iode,  

a vidicon detector, or  a self-scann ing 

charge coup led device (CCD)  camera. 

The d ifference between the i ntensity of 

the l ight com i ng from the sample 

zone and the i ntens ity of the l ight from 

the sam ple-free background on the 

plate i s  measured.  This value  is then 

com pared with values for cal i bration 

standards located on the sample plate. 

The convers ion of the analogue signal to 

d igital s ignal , the i ntegration of the 

s ignal ,  and the comparison of s ignals are 

performed by the comp uter. The way i n  

w h i c h  each step i s  performed adds a 

marg in  of error to the final resu lt .  

These potential errors are taken i nto 

consideration in the calcu lations .  

Add itional detai l s  o n  the theoretical 

aspects of denS itometry can be found i n  

t h e  l iterature ( Po l lak 1 99 1 ) .  
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black-and-white, color, and instant-image photography can be used to 

record the chromatogram under normal or ultraviolet illumination. 

A basic 35-mm photographic system for documenting a TLC 

plate includes a 35-mm camera with a standard and a macro lens, a series 

of filters, a copy stand, a light box, two tungsten lamps, two ultraviolet 

lamps, and a "UV box."  Figure 8 . 6  illustrates a typical setup for docu

mentation of a chromatogram using a 35-mm camera. Recommended 

films for documentation include Kodak 1 60 ASA tungsten-balanced slide 

film, Kodak TMAX 1 00 and 400 ASA black-and-white films, and 

Fuj ichrome 400 ASA daylight-balanced slide film. Other films may be 

used, but keep in mind that color correction filters may be needed to 

obtain accurate color. 

Chromatograms that display visible separation zones are 

usually documented under normal light with Kodak 1 60 ASA tungsten

balanced slide film and Kodak TMAX 1 00 ASA black-and-white 

film. (These slower-speed films are used because of their fine grain and 

excellent reproduction and enlargement qualities. If light is limited, 

faster-speed films such as the Scotch 640 tungsten-balanced slide film or 

the Kodak TMAX 400 ASA black-and-white film may be more effective. )  

Tungsten lamps are positioned 45° on each side o f  the plate. A light box 

( i . e . ,  a slide-viewing box) is placed in the center of the copy stand. The 

chromatographic plate is placed on the light box. The 35-mm camera, 

loaded with the appropriate film, is mounted on the copy stand. The 

exposure is metered with the light meter built into the camera, or with an 

optional handheld light meter. It is often useful to bracket the exposure 

by ± 1 f-stop. Slides can be stored in polyethylene sheet holders. 

Black-and-white negatives can be contact printed and then stored with 

the print in a polyethylene page protector. 

Documentation of a chromatogram, using ultraviolet light 

( 3 66 nm),  is performed with both black-and-white print and color-slide 

film. The room used for the documentation must be completely sealed 

from light; a darkroom or an interior room with no windows can be 

used. Ultraviolet lamps are placed at 45° on each side of the plate inside a 

UV box. A 35-mm camera with a 50-mm macro lens is used to docu

ment the plate. The camera is attached to the arm of the copy stand and 

is positioned over the opening of the UV box. Other arrangements can be 

used as may be available. Fuj ichrome 400 ASA daylight-balanced slide 

film is shot at 800  ASA and "push-processed ."  Kodak Wratten gel filters 

are used to correct color shifts ( filters l OR, 1 0M, and 20Y) and mini

mize back-reflected ultraviolet radiation ( filter 2E) .  The exposures 

are based on trial and error. Successful results have been obtained with 

an exposure range of 4-32 seconds .  Kodak TMAX 400 ASA black

and-white film is shot at 800 ASA with a Kodak Wratten 2E filter 

for black-and-white documentation. 

Instant-image photography usually involves the use of 

Polaroid systems or film. Polaroid has developed a system specifically 

for the documentation of electrophoresis gels and thin-layer chromato

grams. Other systems have been developed that use a Polaroid back 

attachment that fits on the UV viewer (Vitek 1 99 1 ) .  



Figure 8.6. 

Photographic equipment: a simple photographic 

housing for u ltraviolet documentation of thin

layer chromatograms made from cardboard and 

fitted with two handheld ultraviolet lamps. 
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Written Record of Conditions 

It is important to keep a written record of the conditions present in any 

given chromatographic separation. This practice helps facilitate the 

reproduction of TLC results and procedure publication. A definite effort 

should be made to report all details of the chromatographic process. 

Recommended parameters to be included in the documentation are: 

• method of development: description of tank, saturation 

conditions, and method of placing the TLC plate in 

the tank ( i . e . ,  upright versus angled) ;  

• temperature and humidity; 

• stationary phase : type of sorbent, brand, batch number, 

layer thickness, precoated or homemade, type of backing, 

size of channels, method and temperature of activation, 

and impregnation; 

• mobile phase : complete description of individual solvents 

and the method of preparing the mixture, volume used, and 

method of drying after development; 

• detection method :  method for reagent application, and 

description of reagent preparation; 

• sample solution: weight, extraction, and clean-up pro

cedures, spotting apparatus and technique, sample volume, 

and derivative preparation; and 

• reference solutions ( standards ) :  composition, solvent, 

spotting apparatus and technique, and sample volume. 

It is useful to standardize your written documentation by using a form. 

For further information, see Protocol E .  
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Com puter Methods for Eval uation  of the TLC Plate 

This section describes recent research at the Getty Conservation Institute 

on the use of computer methods of evaluation. Often the identification 

of binding media by thin-layer chromatography requires the recog-

nition and differentiation of subtle variations in chromatographic patterns. 

In some cases, identification can be based on the presence or absence 

of a particular component. In other cases, it is the presence and concen

tration ratios of particular components that lead to an identification. 

One way to approach the problem is to quantitatively determine 

the amount of each component in the sample. Quantitative analysis by 

thin-layer chromatography can be performed using scanning densitometry, 

as mentioned above. This method requires expensive equipment and a 

dedicated computer. Less expensive video densitometers that can be 

used for quantitative methods are available (Touchstone 1 9 9 3 ) ,  but they 

may still be beyond the budget of the average conservation laboratory. 

Part of our recent research involves the development of 

computer-aided analysis to match chromatographic patterns 

between known and unknown samples ( Striegel, in preparation ) .  

This approach assumes that a Macintosh computer is available to  the 

conservator. An image of the chromatographic plate is digitized 

using a full page or hand scanner, and a density plot of each chromato

graphic lane of the digital image is determined using NIH Image 

public domain software on a Macintosh computer. Further analysis 

results in a series of peak areas associated with the spot locations for 

each chromatographic lane . The data are analyzed using Statview statis

tical software. The identification of the unknown binder is made by 

comparing it to a series of known references to find the pattern that most 

closely matches .  
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Chapter 9 

Scientific Examination of Works of Art 

In previous chapters, examples were given of the application of TLC to 

the analysis of binders, adhesives, and coatings. These analyses were 

performed at the Getty Conservation Institute as part of the development 

of a TLC protocol. Other TLC systems have been used in the analysis of 

works of art. The purpose of this chapter is to present: 

• A selected review of the use of TLC in the analysis of 

artists' materials 

• A description of other TLC systems that may be useful for 

binding media analysis 

A Review of the Uses of TLe in the Exam i n ation of Works of Art 

In 1 9 86 ,  L.  Masschelein-Kleiner published "Analysis of Paint Media, 

Varnishes, and Adhesives . "  This work, which is included in the collected 

articles section of this book, reviews the use of many analytical tech

niques including infrared spectroscopy, paper chromatography, thin-layer 

chromatography, gas chromatography, high-performance liquid chroma

tography, pyrolysis gas chromatography, mass spectroscopy, and differ

ential thermal analysis .  Masschelein-Kleiner's section on thin-layer 

chromatography presents in tabular form various TLC systems that have 

been used to identify carbohydrates, proteins, waxes, and natural resins. 

Protei n  Analysis 

The identification of proteinaceous and other binders has been the 

subject of papers in English (White 1 9 84 ;  Broekman-Bokstij n et al.  

1 970 ) ,  Russian (Jelninskaya 1 970 ) ,  Croatian (Antonov 1 977) ,  and other 

languages. 

In 1 9 5 8 ,  one of the earliest works in the analysis of paint 

media by chromatography was publ ished (Hey 1 9 5 8 ) .  In this paper, Hey 

describes the identification of proteinaceous binders using paper chroma

tography. The paint samples were hydrolyzed in a hydrochloric acid : 

water solution ( 1 : 1 )  at 90-100  °C for 24 hours . The hydrolysate solution 

was neutralized with an ion exchange column. The samples were spotted 

on Whatman no. 1 chromatography paper and developed in a mobile 

phase of n-butanol : glacial acetic acid : water ( 6 0 : 1 5 :25 ) .  The separation 
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zones were visualized with a 0 .2  % solution of ninhydrin. Isatin was 

employed as a second detection reagent. 

Thin-layer chromatography has also been applied to the iden

tification of proteinaceous and carbohydrate binders in  illuminated 

manuscripts ( Flieder 1 9 6 8 ) .  Flieder describes the analysis of seven 

samples taken from various manuscripts. These samples were hydrolyzed 

by two methods. The first method, for hydrolysis of proteins, involved 

the hydrolysis of the samples in a 4% sulfuric acid solution at 1 00 °C for 

20 hours. The sample solutions were neutralized with barium carbonate, 

and were then separated from the precipitated salts by centrifugation. In 

the second method, the samples were hydrolyzed in dilute hydrochloric 

acid ( 3 % ,  6 % ,  or 1 2 % )  at 1 0 5 °C for 2 , 1 5 ,  or 24 hours, depending on 

the concentration of the acid. The samples were then neutralized by 

evaporation or by passing the sample solutions through an ion exchange 

resin column . 

The protein hydrolysates were separated on Kodak K 5 1 1  

polycarbonate plates impregnated with a p H  6 . 8  buffer. The mobile 

phase was ethanol : water : ammonia ( 8 5 : 1 3 :2 ) .  The separated zones 

were visualized with a 2 % ninhydrin solution in ethanol. 

The carbohydrate hydrolysates were separated on 

Kodak K301  V silica gel plates using a propanol : ethyl acetate : water : 

25 % ammonia ( 30 : 5 : 1 5 : 5 )  mobile phase . The separation zones were 

detected with 2 % naphtoresorcinol in 1 0 %  ethanolic phosphoric acid. 

In more recent analysis of proteinaceous media, the dansyl 

derivatives of amino acids were separated on micropolyamide plates 

(Tomek and Pechova 1 992) .  The derivatives were separated in a water 

and formic acid ( 5 0 : 1 . 5 )  mobile phase, and detected by UV fluorescence 

at 254 nm wavelength. 

Carbohydrate Analysis 

The analysis of carbohydrates by TLC is often mentioned in the papers 

discussed in the last section. Gums and other binders used in polychrome 

reliefs in ancient Egyptian limestone tombs have been identified by TLC 

(Poksinska and Shoeib 1 9 8 8 ) .  In the study, carbohydrates and proteins 

were identified by paper chromatography, and esters of fatty acids were 

examined by TLC. The samples for carbohydrate analysis were hydro

lyzed with 4N sulfuric acid for 6 hours at 1 05 °C in hermetically sealed 

test tubes. The hydrolysates were neutralized over barium carbonate and 

isolated by filtration. The samples were spotted on chromatography 

paper and developed twice in a mobile phase of ethyl acetate : pyridine : 

wa ter ( 3 . 6 :  1 :  1 . 1 5 ) .  The detection reagent was not identified .  The sam pies 

were identified as plant gums. 

The identification by TLC of plant gums used as binders or 

adhesives was published in 1 9 89 (Matousova and Bucifalova 1 9 8 9 ) .  

Plant-derived reference gums from a variety o f  geographical locations 

were obtained as reference standards, including gum arabic, gum traga

canth, and fruit gums. Various methods of hydrolysis and sample deri

vation are described in the paper. The samples were separated on silica 

gel layers impregnated with boric acid .  A series of mobile phase systems 
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was tested, including butanol : ethyl acetate : water (60:20:20)  and ethyl 

acetate : pyridine : water ( 1 00 :35 : 3 5 ) .  The authors also tested several 

detection reagents and tabulated the semiquantitative amounts of mono

saccharides in each of the gum hydrolysates. 

Wax Analysis 

Fewer applications of TLC have been reported for the analysis of wax 

samples than for other materials. One previously mentioned article 

( Broekman-Boksti jn et al. 1 970)  uses TLC for the identification of 

beeswax and carnauba wax. These waxes were identified by comparing 

the spots of hydrocarbons, esters of fatty acids, and the triglycerides 

found in the unknown samples with those of reference materials .  

TLC has been used in the forensic examination of the wax or 

lac seals ( Baggi and Murty 1 9 82 )  affixed to letters, documents, enve

lopes, parcels, and containers. Twenty-five sealing waxes were collected 

from various sources. After the samples were extracted into ethanol and 

gently heated for 15 minutes in a steam bath, they were spotted on silica 

gel G plates that had been previously activated for 1 hour at 1 05 °C. The 

plates were developed to a distance of 1 0  cm in one of three solvent 

systems: 

1.  xylene : butanone : methanol : diethylamine (40 :40 :6 :2 )  

2 .  benzene : methanol (95 :5 )  

3 .  benzene : methanol : acetic acid (90 :5 : 5 ) .  

The samples were visualized b y  examining the plate with U V  light at 

254 and 366 nm. They were also detected with an anisaldehyde : acetic 

acid : methanol : sulfuric acid reagent ( 0 .5 : 1 0 : 8 4 . 5 : 5 ) .  

Resi n  Analysis 

An excellent paper on thin-layer chromatography as an aid in the identi

fication of binding materials was presented by Wilma Roelofs in 1 972 at 

the plenary session of the ICOM meeting in Madrid ( Roelofs 1 972 ) .  The 

paper, titled "Thin-Layer Chromatography: An Aid for the Analysis of 

Binding Materials and Natural Dyestuffs for Works of Art," describes the 

general procedures and application of TLC. Roelofs's section on resins 

describes the analysis of a varnish sample removed from a painting by 

extraction into chloroform on a cotton swab.  The unknown sample was 

spotted next to reference samples on a silica gel G plate and developed up 

to three times in chloroform. The separation zones were detected with a 

20% solution of antimony pentachloride in carbon tetrachloride. Roelofs 

also describes chromatographic systems for waxes, gums, and glues. Resin 

analysis was also described by others ( Broekman-Bokstijn et al .  1 970 ) .  

Some Potential Systems for Med i a  Analys is  b y  TLC 

Most of the analyses discussed in this publication have utilized silica gel 

plates. As the development of modern methods for TLC progresses, new 
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modified normal phase and reversed phase plates are becoming available, 

which may aid in improving the selectivity of chromatographic separa

tions. The following systems represent the most recent developments 

reported in the technical literature. Due to time constraints in the prepa

ration of this course, these systems have not yet been tested, but they may 

prove useful in binding media analysis.  

Silica gel plates modified with amino groups (Macherey 

Nagel, Nano-SIL NH2/UV) have been used to separate sugars. One such 

separation was performed using an ethyl acetate : pyridine : water : 

glacial acetic acid (60 :30 : 1 0 : 5 )  mobile phase . The sugars that were sepa

rated included lactose, saccharose, galactose, glucose, fructose, 

arabinose, xylose, and ribose . The separation zones were detected with 

scanning densitometry (Macherey-Nagel 1 99 3 ) .  

Reversed phase plates ( i . e . ,  RP- 1 8  plates) may b e  useful in 

separating sterols and may lead to a method of identification of oils by 

TLC. The development of this method depends on the quantity of sterols 

surviving in the dried film, the possible derivatization of the sample, the 

selectivity of a mobile phase, the sensitivity of a detection reagent, and 

the semiquantitation or quantitation of the components. 

The systems mentioned only scratch the surface of the 

potential of TLC systems. Modern TLC methods and new instrumental 

techniques rival the capabilities of HPLC methods. 
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Part 2 

Protocol s  





Introduction 

The fol lowing protocols were prepared for the course "Methods in Scien

tific Examination of Works of Art: Thin-Layer Chromatography. " They 

are a direct result of the Getty Conservation Institute's Binding Media 

Research Project. These protocols are intended to be step-by-step guides 

for practical laboratory procedures in the analysis by thin-layer chroma

tography of artists' materials, such as paint binders, adhesives, and 

coatings. Each protocol describes the methodology needed for the 

analysis of proteins, carbohydrates, waxes, or resins. 

The protocols should not be considered the final word on 

TLC analysis of artists' materials. Other chromatographic systems may 

yield positive results. As new chromatographic materials and method

ologies are developed, the procedures may be modified.  Modifications to 

the protocols may be necessary due to the limitations of equipment or 

materials .  For example, a simple screw-top jar may be used as a devel

oping chamber if the traditional, more expensive TLC chambers are not 

available. Participants in the course and readers of this publication are 

encouraged to keep abreast of the research literature and to develop their 

own research strategies. 





Sum mary 

Scope 

Protoco l A 

Identification of Proteins by Thin-Layer Chromatography 

Separation of amino acids from hydrolysates for the identification of prote ins  

Layer: Macherey-Nagel polyester-backed cel lu lose 

E l uent: Butanol : acetic acid : water (80:20:20) 

Tech n ique :  S ingle development. conventional chamber 

Migration Distance: 1 7  cm in  approx imately 4 hours 

Detectio n :  Spray plates evenly with 0.2 % n i n hydrin detection reagent; 

heat at 1 00 °C for 10 m i n utes; document after 24 hours 

I dentification of prote ins  by th in- layer chromatography is based on the presence 

or absence of certain amino acids  with in  the prote in .  For i nstance, the presence of 

large quantities of hydroxyprol ine is i nd icative of an animal glue,  and case in  is 

i dentified in a sample by the presence of a larger concentration of pro l ine and the 

absence of hydroxypro l ine .  Further identification can be performed through 

computer analysis of the plate (see Protocol L) . 

F i rst, the sample and reference materials are hydrolyzed i nto their  component 

amino acids  (see Protocol K) .  Then the sam ple,  ind ividual amino acid standards ,  

a n d  reference materials are spotted onto a cel lu lose T L C  plate. T h e  plate i s  

developed i n  a conventional T L C  chamber with a butano l ,  acetic acid ,  

and  water solvent syste m .  The  development of  the  p late takes approximately 

4 hours.  The amino acids are v isual ized by sprayi ng the TLC plate with a n inhydrin 

detection reagent. 
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Scheme 

Protein Analysis by Thin-Layer Chromatography 

Supporting Operation 

Sample preparation 
Protocol K 

Prepare references, 
amino acid standards 

Prewash cellu lose plate 

Prepare eluent, butanol : 
acetic acid : water (80:20:20) 

Saturate chamber with 
eluent 

Prepare ninhydrin 
detection reagent 

Main Operation 

Spot standards, 
references, and samples 

on TLC plate 

Develop plate in 
conventional chamber 
to 1 7 cm for - 4 hours 

Spray with ninhydrin 
detection reagent, heat 
at 100 °C for 1 0 minutes 

Document plate 
(Protocol F) 

Evaluate plate 
(Protocol I; Protocol L) 

Interpret data 
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1 .  Equi pment and Suppl ies 

The fol lowing equipment is  needed for a s ingle development, conventional 

TLC analys is :  

1 )  Amber glass storage bottles (250 ml)  

2)  Capi l lary pipettes (1 .0 and 0 .2  IJ I  size) 

3 )  Conventional TLC chamber with a lid 

4) G lass vials with caps ( 1  and 4 ml)  

5) G rad uated cyl inder  ( 1 00 ml)  

6) Oven 

7) Reagent sprayer 

8) Ruler  ( inch and metric) 

9) Saturation pad (20 x 20 cm) 

1 0) Spray box 

1 1 )  Spray stand 

2. Chem icals and Materials 

1 )  0.1 N hydrochloric acid 

2)  Eluent components 

Butanol 

Acetic acid 

Water 

3) Ethanol 

4) Macherey- Nagel cel l u lose plate, 20 x 20 cm 

5) Methanol 

6) N i nhydrin (Caution: toxic reagent, handle w ith care) 

7) Amino acid standard sol utions (1 mg/ml) 

Glutamic acid Hydroxyproline 

Lysine 

Serine 

Tyrosine 

Proline 

Threonine 

8) Bind ing media reference materials (hydrolyzed) 

Whole egg Egg white 

Egg yolk Casein 

Rabbit-skin glue Fish glue 

3. Samples 

91 

Samples may be taken from facs imi le paintings or un knowns.  The sample should 

be approximately 500 IJg  i n  weight and contain only the paint layer or material of 

interest. The paint layer or material being investigated should be separated 

from all other layers, such as the gro u n d ,  varn ish layers, or support .  Samples are 

hydrolyzed before analys is ,  fol lowing Protocol K .  

Amino  acid standard solutions are made with glutamiC aci d ,  hydroxypro l ine ,  

lysine ,  pro l ine ,  serine ,  threon ine ,  and tyros ine .  Each standard solution i s  made in  a 
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concentration of 1 mg/ml by weigh ing 2 mg of an amino acid into a 4-ml  glass 

vial and add ing  2 ml  of 0 . 1  N HCI .  These solutions can be used for 3-4 weeks 

after preparat ion.  

Reference solut ions of b ind ing media are made from whole egg, egg white ,  

egg yolk ,  case i n ,  rabbit-sk in  g lue,  and f ish g lue .  These solut ions are prepared by 

hydrolysis fol lowing the same procedu re as for the samples (Protocol K) . 

The reference materials should be prepared i n  a concentration of 2 . 0-2 .5  j.Jg/j.J1  

i n O . 1 N HCI .  

4.  Preparation Procedu res 

Preparation for TLC analysis i ncl udes prewash ing  the TLC plate, making fresh 

e luent systems and detection reagents, and saturating the TLC chamber. 

The fol lowing preparation procedu res are started 24 hours prior to analys i s :  

1 )  Prepare cel l u l ose TLC plates 

The cel l u lose plate must be washed in methanol before analys i s .  This  

procedure takes approximately 4 hours .  P lace 30-60 ml  of methanol i n  a 

clean conventional TLC chamber. Al low the chamber to equ i l ibrate 

with methanol for approximately 30 m i n utes .  The cel lu lose TLC plate i s  

i nserted vertical ly i nto the methanol ,  and the chamber i s  covered with the 

l id .  A l low the methanol to r i se  to the top of the cel lu lose TLC plate . Remove 

the plate from the chamber and d ry it in a fume hood.  Store the cleaned 

cel l u lose TLC plate in a desiccator contain ing  s i l ica gel .  

2 )  Prepare e l uent 

Mix butano l ,  acetic aci d ,  and water i n  an 80:20:20 volume ratio.  Seal the 

sol ution in an amber bottle to mai nta in freshness before use. Prepare 60 m l  

o f  t h e  e luent fresh dai ly for a n  analys is .  

3) Prepare TLC chamber 

Presatu rate chamber with solvent system at least 4 hours before analys i s .  

(Note : I t  is useful to  presatu rate the cham ber overn ight.) To do th i s ,  p lace 

30-60 ml of the eluent ins ide a clean , d ry conventional TLC chamber. I nsert a 

saturation pad into the solvent system.  Cover the cham ber with a l i d .  

4) Prepare n i nhydrin detection reagent 

Weigh out 0. 1 58 g of n inhydr in into a 250-ml  amber bottle .  Add 1 00 ml of 

ethano l .  Mix thorough ly. The reagent can be stored in a refrigerator 

for 4-5 weeks. 

5 .  TLC Analysis Procedures 

To analyze protei n  hydrolysates by TLC,  the samples are spotted in  i n d iv idual 

lanes at the base l ine of a prewashed cel lu lose plate. The plate i s  p laced i n  a satu

rated conventional TLC chamber contain ing  a saturation pad and the e luent 

(butanol : acetic acid : water, 80:20:20) . The development of the plate i s  complete 

when the e luent front reaches a d i stance of 1 7  cm from the base l ine .  The plate i s  

removed and dr ied i n  a fume hood before spraying with the n inhydr in reagent. 

Th is  reagent reacts with the amino acid components to produce colors that aid i n  
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the visual ization of the separation zones or spots. After 24 hours the plate 

can be documented . 

The fol lowing n ine  steps describe the proced ure for analysis :  

1 )  Draw the basel ine  
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Us ing a ruler and penc i l ,  l ightly d raw a l i ne  1 cm from the bottom edge of the 

plate. Very l ightly mark the lanes with short tick marks at intervals of 1 cm 

along th is  base l ine ,  for a total of 1 9  lanes. In the u pper left corner, n u m ber 

the plate with a reference n u m ber, used to relate the TLC to i nformation in  

the research notes. Bes ide the n u m ber, place the date and the analyst's 

in it ia ls .  P lace a mark 1 7  cm from the basel ine as a reference to he lp  

determ i n e  the completion of  the deve lopment.  

2)  Apply the standard and reference solutions to the p late 

Al l  solutions are appl ied fol lowi ng the spotting proced ure noted in Protocol H .  

Apply 1 .0 � I  o f  t h e  reference or standard solut ion t o  a tick mark o n  the 

origin of a lane using a capi l lary pipette. The total volume may be appl ied i n  a 

series of smal ler volumes to m i n i m ize the d iameter of the spot. An air  

gun may be used to rap id ly evaporate the carrier solvent between appl ica

tions .  Take care not to get the air gun too close to the pipette, as the 

sample will evaporate. 

3) Apply u n known sam ple solutions 

I f  pOSS ib le ,  apply each un known sample i n  two d i fferent volumes .  For 

exam ple,  i n  one lane apply 1 .0 � I  of the u nknown sample,  and in a second 

lane apply 0.2 � I  of the same solution . (The u nknown sample may or may not 

be very concentrated , and this proced ure m i n i m izes the poss ib i l ity of over

load ing  the plate .)  

4) Develop the TLC p late 

Once the plate is spotted , either develop immediately or store i n  a desiccator. 

To develop the plate , qu ickly i n sert the spotted cel lu lose TLC plate i nto the 

saturated chamber, with the basel ine oriented toward the bottom of the 

cham ber and the front facing away from the saturation pad . Replace the l id 

of the cham ber. Do not leave the chamber open for any length of  time, 

as the vapor phase equilibrium will be lost. 

Top 

#, date, initials -

17 em 

Baseline 
1 em tL--_____ ---I 

Bottom 



94 Striegel . H i l l  

Saturation 
pad • 

5) Completion of development 

r-
D 

�C plare 

Chamber 

_ ..... - Eluent 

Develop the plate unt i l  the solvent front travels a d i stance of 1 7  cm.  Devel

opment usual ly takes about 4 hours .  

6) D ry the plate 

Remove the plate from the cham ber, hang it vertically, and let it d ry for about 

30  m i n utes at room temperature in  the fume hood. 

7) P repare to spray p late 

Spraying of a n i nhydrin reagent should always be performed under a wel l

venti lated fume hood or some other device to ensure effective removal of the 

reagent cloud and solvent vapors, which are toxic.  Protective glasses, labo

ratory gloves, and a respi rator should always be worn dur ing spray ing .  Set 

the plate on a clean , d ry spray stand ins ide a spray box. F i l l  the reagent 

sprayer with 1 5-20 m l  of n i n hydr in detection reagent.  

8) Spray p late with n i n hydri n 

Hold the reagent sprayer 8-1 0 cm from the surface of the TLC plate and 

spray the plate slowly back and forth ,  then up  and dow n ,  unt i l  the 

plate i s  even ly covered (generally unt i l  the cel lu lose layer just begins to 

turn transparent) .  

.:-.-" .:. ' .. -...... 

. . . .. q . . !.!;!.!.!;!.I.;? . . , . 
.. .. . . . 

•.. :. : Stop 

9) Heat p late 

Dry the plate for 1 5-20 m i n utes i n  the fume hood,  then place it for 

1 0  m i n utes in a preheated oven at 1 00 °C.  
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6. Data Analysis Procedures 

After the separation zones are visual ized with the detection reagent,  the plate is 

documented (see Protocol F) and evaluated (see Protocol I ) .  Documentation 

i nc ludes two procedu res .  The fi rst is written documentation that i nc ludes anno

tation in a bound research notebook of al l  methods and proced u res used . The 

second i s  v isual  documentation , wh ich i nc ludes making a photocopy of the TLC 

plate (to be placed in the notebook) and photograph ing  or d igitally scann ing  the 

p late. Eval uation of the plate can i nc lude qual itative or semiquantitative tech

n iques. The m igration d i stances, color, and intens ity of  the separation spots are 

noted . The Rf value for each spot is calcu lated .  

7.  Interpretation 

The chromatographic pattern of the u nknown samples i s  com pared to those of the 

reference materials run on the same plate . Identif ication  of the unknown sample 

can be made if its chromatographic pattern closely matches that of a reference 

sample.  Also,  the presence or absence of certain amino acids  in the chromatogram 

aids in  identification of the unknown.  Animal glues can be identified by the 

presence of hydroxypro l ine .  However, d ifferent types of an imal glue cannot be 

d istinguished by the chromatographic pattern.  Case i n  can be identif ied by the 

presence of larger concentrat ions of pro l ine and the absence of hydroxypro l ine .  

Dist inctions between egg wh ite, egg yol k ,  and whole  egg may not  be read i ly  

obv ious  i n  the chromatograph ic  patterns when they are examined by eye .  





Sum mary 

Scope 

Protoco l B 

Identification of Carbohydrates by Thin- Layer 

Chromatography 

Separation of monosaccharides from hyd rolysates for the identification of 

carbohydrates 

Layer: Merck H PTLC sil ica gel 60 

E luent: Acetonitri le : water (85 : 1 5) 

Technique:  S ingle development, sandwich chamber 

Migration Distance: 8 cm i n  approximately 20 min utes 

Detection :  Spray plates evenly w ith  0 .3  % solution of  ami nohippuric 

acid with 3% phthal ic acid i n  ethanol ;  heat at 1 00 °C for 1 0  

minutes; document within 2 4  hours 

Carbohyd rate media are complex polysaccharides that can be identif ied by the 

presence or absence of certa in s imple sugars (monosaccharides) within the hydro

lyzed sample.  F i rst, the sample and reference materials are hydrolyzed into their  

component monosaccharides (see Protocol J) .  Then the sam ple,  ind iv idual sugar 

standards ,  and reference materials are spotted on a prepared s i l ica gel H PTLC 

plate . The plate i s  developed i n  a sandwich TLC chamber us ing an acetonitr i le : 

water solvent system .  The development of the plate takes approx imately 

20 m i n utes. The sugars are v isual ized by spraying the TLC plate with an aminoh ip

pur ic ac id  detection reagent. 
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Scheme 

Carbohydrate Analysis by Thin-Layer Chromatography 

Supporting Operation 

Sample preparation 
Protocol J 

Prepare references, 
sugar standards 

Prewash sil ica gel plate 

Prepare eluent, acetonitri le : 
water (85: 1 5) 

Saturate chamber with 
eluent 

Prepare aminohippuric acid 
detection reagent 

Main Operation 

Spot standards, 
references, and samples 

on TLC plate 

Develop plate in 
sandwich chamber 

to 8 cm for - 20 minutes 

Spray with aminohippuric acid 
detection reagent, heat 
at 100 °C for 10 minutes 

Document plate 
(Protocol G) 

Evaluate plate 
(Protocol I) 
interpret data 
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1 .  Equ ipment and Supp l i es 

2 .  

T h e  fol lowing equ ipment i s  needed for a s i ngle development T L C  analysis u s i n g  a 

sandwich chamber:  

1)  Amber glass storage bottles (250 ml) 

2)  Capi l lary pipettes ( 1 .0 and 0 .2  f,l l  size) 

3 )  Hot plate 

4) Thermometer 

5) Cyl i ndrical TLC chamber and l id  

6)  Sandwich chamber 

7) Glass vials with Teflon septum caps (4 ml) 

8) 250-ml vial i nserts and com press ion springs 

9) G rad uated cyl inder ( 1 00 ml) 

1 0) Oven 

1 1 ) Reagent sprayer 

1 2 ) Ruler ( inch and metric) 

1 3 ) Spray box 

1 4) Spray stand 

Chemicals and Materials 

1 )  0 . 1  N hydroch loric  acid 

2) E luent components 

Acetonitrile 

Water 

3)  Merck H PTLC s i l i ca gel 60 plate, 10  x 10  cm 

4)  Methanol 

5) Ethanol 

6) Aminoh i ppuric  acid 

7) Phthal i c  acid 

8) Sugar standard solutions (1 mg/ml)  

Arabinose Xylose 

Galactose Glucuronic acid 

Glucose Galacturonic acid 

Mannose Ribose 

Rhamnose Fucose 

Mixed standard 

9) B ind ing  media reference materials (hydrolyzed) 

Gum arabic Gum ghatti 

Gum tragacanth Guar gum 

Cherry gum 

3. Samples 

Samples can be taken from facsimi le  painti ngs or un knowns.  The sample should 

be approx imately 500 f,lg in  weight and should contain only the paint layer or 

material of interest. The paint layer or material being investigated should be sepa-
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rated from al l  other layers, such as the gro u n d ,  varn ish layers , or su pport. Samples 

are hydrolyzed before analys i s ,  fol lowing Protocol J .  

Sugar standard solut ions are made from arabinose, rhamnose , galactose, glucose , 

mannose, xylose, fucose, glucuron ic acid ,  galacturon ic  aci d ,  and ribose. Each 

standard solut ion is made in a concentration of 1 mg/ml  by weighing 3 mg of a 

sugar i nto a 4-ml  glass vial and add ing  3 ml of methanol .  A m ixed standard i s  

prepared by weigh ing 3 mg of each of the sugars i nto a 4-ml  v ia l  and add ing  3 m l  

o f  methanol .  These solut ions can b e  used for 3-4 weeks after preparatio n .  

Reference solut ions o f  b i n d i n g  media are made from gum arabic ,  gum tragacanth,  

cherry gu m ,  gum ghatti , and guar gum.  The reference solut ions of b ind ing 

med ia  are made at a concentration of  1 .2 5  mg/ml  in  methanol .  These solutions  

are prepared by hydrolysis fol lowing the same proced u re as  for  the 

samples (Protocol J ) .  

4.  Preparation Procedures 

Preparation for TLC analysis i ncl udes prewas h i ng the TLC plate and making fresh 

e luent systems and detection reagents. The fol lowing preparation procedu res are 

started 24 hours prior to analysis: 

1) Prepare s i l ica TLC p lates 

The s i l ica gel plate is washed with methano l ,  then heated before use.  Th is  

proced ure takes about 2 hours .  The p late can be washed i n  a sandwich 

chamber or a conventional chamber. The procedu re described here uses a 

sandwich chamber. 

Place 5 m l  of methanol i n  the trough of a TLC sandwich chamber. Posit ion 

the s i l i ca gel plate so that the stat ionary phase faces the backing plate, and 

adj ust the spac ing with the spaci ng gu ide .  Attach the s i l ica plate to the 

backi n g  plate with two cl ips. Make sure the cl ips are attached near the top of 

the plate. I n sert the assembly vertically into the trough contain ing  the 

methanol .  P lace the assembly ins ide a cyl i nd rical TLC chamber and cover with 

the l i d .  Allow the methanol to rise to the top of the s i l i ca gel plate . Th is  

process usual ly takes 20 m i n utes .  Remove the plate from the chamber and 

d ry it i n  a fume hood.  P lace the plate in  an oven at 1 00 °C for 1 hour to 

activate the s i l ica gel .  After cool ing ,  store the clean , activated s i l i ca plate in a 

desiccator conta in ing si l ica gel .  The plate i s  ready for use after it cools 

(usual ly 30 m i nutes after it i s  removed from the oven).  
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1 .--Backing plate 

�J---Back of 

• Cylindrical 
chamber 

TLC plate 

�=====3'��--- Trough 

2) Prepare eluent 

Prepare 60 m l  of the e luent fresh dai ly for an analysis .  Mix  aceton itr i le 

and water in  an 85 : 1 5  rat io .  Seal the sol ution i n  an amber bottle to mai n

ta in  freshness .  

3 )  Prepare cyl ind rical chamber 

Presatu rate the cyl ind rical TLC chamber with 10 m l  of the solvent system 

1 01 

at least 30 min utes before analys is .  P lace the trough of the sandwich cham 

ber ins ide the cyl i n d rical chamber and cover it with a l i d .  

C ____ 

-
�4.-- Lid 

Add 10 ml of eluent to 
cylindrical chamber 

1 4---Cylindrical 
chamber 

�3l§�����;t---Sandwich chamber 
trough 

4) Prepare aminohippuric acid detection reagent 

The detection reagent is a 0 .3  % solut ion of aminohippur ic acid with 

3 % phthal ic  acid in ethano l .  Weigh out 0.24 g of aminoh i ppuric acid and 

2 .4 g of phthal ic acid  i nto a 250 ml  amber bottle. Add 1 00 m l  of etha-

nol. Mix thoroughly unti l  al l  sol ids are d issolved . This reagent can be stored 

for 2-3 weeks. 
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5 .  TLe Analysis Procedu res 

To analyze carbohydrates by TLC,  the hydrolysates of samples are spotted in i nd i 

vidual  lanes at  the  basel ine of  a prewashed ,  activated H PTLC s i l i ca gel plate. 

The plate i s  attached to the back ing plate of a sandwich cham ber and i nserted 

i nto a smal l  trough contain ing  the e luent (aceton itr i le : water, 85: 1 5) .  The 

development of the plate takes place ins ide a cyl i ndrical TLC chamber to reduce 

the effects of air cu rrents on the movement of the solvent front. Th is  also 

m i n i m izes the prematu re evaporation of the solvent system .  The development of 

the plate i s  complete when the e luent front travel s  a d i stance of 8 cm from 

the base l ine .  The plate i s  removed and d ried in a fume hood before spraying with 

the aminoh i ppuric  acid reagent. Patterns of fl uorescent spots are v is ib le for 

each sample when the plate is viewed under u ltraviolet l ight. The plate may be 

photographed for documentation immediately. 

The fol lowing n ine  steps describe the proced u re for analysis: 

1 )  Draw the basel ine  

Us ing a ru ler  and penci l ,  l ightly d raw a l i ne 1 cm from the bottom edge of  the 

plate. Very l ightly mark the lanes with short tick marks at interval s of 0.5 cm 

along this base l ine ,  for a total of 1 9  lanes.  In the upper left corner, n u m ber 

the plate with a reference number, used to relate the TLC to information in  

the research notes. Bes ide the n u m ber, place the date and the operator's 

i n it ials . Place a mark 8 cm from the basel ine  as a reference to he lp determ ine  

the  completion of  the  development. I f  th i s  mark is scored heavily through the 

s i l i ca gel ,  it wi l l  be vis ible on both sides of the plate . 

Top 

#, date, initials 

Ei u 
LO 
c::i 

-

1 em :L-... _____ ---I 
Bottom 

8 em 

Baseline 

2) Apply the standard and reference solutions to the p late 

All solutions are applied following the spotting procedure noted in Protocol H .  

Apply 1 .0 iJ l  of the reference o r  standard solution to a tick mark on the origin o f  a 

lane using a capil lary pipette. The total volume may be applied in a series of 

smaller volumes to min im ize the diameter of the spot. An air gun may be used to 

rapidly evaporate the carrier solvent between applications. Take care not to get the 

air gun too close to the pipette, as the sample will evaporate. 

3) Apply u n known sample solutions 

I f  pOSS ib le ,  apply each u n known sample in two d ifferent volumes.  For 

example,  in one lane apply 1 .0 iJ l  of the un known sample, and i n  a second 

lane apply  0.2 iJ l  of the same so lut ion .  (The u n known sample may or 
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may not be very concentrated , and th is  proced u re m i n i m izes the poss ib i l ity 

of overload ing the p late . )  

4 )  Develop t h e  TLC p late 

Once the plate is spotted , develop i mmediate ly or store in a des iccator. Open 

the l id of the cyl i nd rical cham ber s l ightly and qu ickly p lace 5 m l  of e luent i n  

the  trough of  the  TLC sandwich chamber, located i ns ide the  cyl i nd rical 

chamber. Position the face of the s i l ica gel plate toward the backing plate and 

adjust the spacing between the edge of the plate and the rim of the backing 

plate, us ing the  spac ing gu ide .  Attach the  s i l i ca plate to  the  backing plate 

with two c l ips .  Make sure that the cl ips are attached near the top of the 

plate , next to the spacers. Qu ickly open the chamber and set the bottom 

edge of th is  assembly i nto the trough contain ing  the eluent. Replace the l id  

of  the chamber. Do not leave the cylindrical chamber open for any length of 

time, as the vapor phase equilibrium will be lost. 

1 .. -- Backing plate 

�I----Back of 

... Cylindrical 
chamber 

TLC plate 

�============���------Trough 

5) Completion of development 

Develop the plate unti l  the solvent front reaches the tick mark at 8 cm.  

Development usual ly takes about 20 min utes .  

6) Dry the plate 

Remove the plate from the chamber and let it  d ry for about 30 m i n utes at 

room temperature in the fume hood.  

7) Prepare to spray p late 

Spraying of an aminoh ippuric  acid reagent should always be performed under 

a wel l -venti lated fume hood or some other device to ensure effective removal 

of the reagent c loud and solvent vapors. P rotective glasses ,  laboratory 

gloves, and a respirator shou ld  always be worn d ur ing spray ing. Set the p late 

on a clean , d ry spray stand ins ide a spray box. F i l l  the reagent sprayer with 

1 5-20 ml  of aminoh ippuric acid detection reagent. 

8) Spray p late with aminohi ppuric acid 

Hold the reagent sprayer 8-1 0 cm from the surface of the TLC plate and spray 

the plate slowly back and forth ,  then up and down,  u nti l  the plate is evenly 

covered (generally u nti l  the s i l i ca gel layer just begins to turn transparent).  
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Start 

9) Heat p late 

.:"' -" '0" °0 -.. 

: I " : " : ·:· ' 4:i:i�i:ijl: .i:!�·: : ·:> 
". " . . ' .... : - : . Stop 

Dry the plate for 1 5-20 m inutes i n  the fume hood , then place it i n  a 

preheated oven at 1 00 O( for 1 0  m i n utes. 

6. Data Analysis Procedu res 

After detection by derivatization ,  the plate is documented (see Protocol G) and 

evaluated (see Protocol I ) .  Docu mentation inc ludes two proced ures .  The fi rst i s  

written documentation that inc ludes annotation i n  a bound research notebook of  

al l  methods and procedures used . The second i s  v i sua l  documentation , which 

i nc ludes making a photocopy of the TL( plate (to be placed i n  the notebook) and 

photograph ing  or d igitally scann ing the plate. Evaluation of the p late can i n 

c l u d e  q ual itative or semiq uantitative tech n iques ,  T h e  m igration d i stances, color, 

and i ntensity of the separation spots are noted .  The R, value for each spot 

i s  calculated . 

7. I nterpretation 

The chromatographic pattern of the unknown materials is compared to those of 

the reference materials run on the same plate . Identification of the unknown 

sample can be made i f  its  chromatographic pattern c losely matches that of a 

reference sample.  

Th is  chromatographic system al lows complete separation of galacturon ic  aci d ,  

glucuron ic  acid , galactose, arabi nose, a n d  rhamnose, Other s imple sugars, s u c h  as 

xylose, fucose, and ribose, or glucose and man nose, are not completely resolved ,  

The ascend ing order of Rf values for  sugars i s  galacturonic ac id  < glucuronic acid 

< galactose < glucose = man nose < arabinose < fucose = xylose = ri bose < 
rhamnose. Al l  reference gum samples ( i . e "  gum tragacanth , gum arabic, etc. )  give 

d istingu ishable chromatographic patterns,  However, dextri n and wheat starch 

cannot be d ifferentiated on the basis of the ir  ch romatograms. 



S u mmary 

Scope 

Protocol C 

Identification of Waxes by Thin-Layer Chromatography 

Separation of chloroform extracts for the identification of waxes 

Layer: Merck H PTL( si l ica gel 

E luent: Petroleum ether : ethyl ether : acetic acid (90 : 1 0 : 1 )  

Technique:  Si ngle deve lopment, sandwich chamber 

Migration Distance: 8 cm i n  approximately 1 5  minutes 

Detection :  Spray plates even ly with  anisaldehyde solution; heat at 

1 00 O( for 1 0  minutes; document i mmediately after detection 

I dentif ication of waxes by th in- layer ch romatography is based on comparison 

of the chromatographic patterns for reference and un known materials .  The n u m 

ber, location ,  a n d  color o f  t h e  spots are noted . 

Wax samples are d i ssolved i n  chloroform and the soluble portion i s  spotted onto a 

prewashed H PTLC s i l ica gel plate. The plate i s  developed i n  a sandwich chamber 

conta in ing  an eluent made from petroleum ether, ethyl ether, and acetic 

acid . The components of each wax are visual i zed by spray ing with an anisal

dehyde detection reagent. The plate i s  heated after spraying to activate the 

reagent, then examined under u ltraviolet l ight. The components are seen 

as fl uorescent spots. 
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Scheme 

Wax Analysis by Thin-Layer Chromatography 

Supporting Operation 

Sample preparation 

Prepare references 

Prewash silica gel plate 

Prepare eluent, petroleum 
ether : ethyl ether : acetic 
acid (90: 1 0: 1 ) 

Saturate chamber with 
eluent 

Prepare anisaldehyde 
detection reagent 

Main Operation 

Spot references 
and samples 
on TLC plate 

Develop plate in 
sandwich chamber 

to 8 cm for - 1 5 minutes 

Spray with anisaldehyde 
detection reagent, heat 
at 1 1 0 °c for 1 0 minutes 

Document plate 
(Protocol G) 

Evaluate plate 
(Protocol I) 
interpret data 
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1 .  Equi pment and Supp l i es 

The fol lowing equ ipment is needed for a s i ngle development TLC analysis us ing a 

sandwich chamber: 

1 )  Amber glass storage bottles (250 ml) 

2) Capi l lary pipettes (1 .0 and 0.2 f,ll s ize) 

3 )  Hot plate 

4) Thermometer 

5) Cyl ind rical TLC cham ber and lid 

6) Sandwich chamber 

7) G lass vials with Teflon septum caps (4 ml)  

8) 250 f,l l  vial inserts and compression springs 

9) G raduated cyl inder ( 1 00 ml)  

1 0) Oven 

1 1  ) Reagent sprayer 

1 2 ) Ruler ( i nch and metric) 

1 3 ) Spray box 

1 4) Spray stand 

2. Chemicals and Materials 

1 )  Ch loroform 

2)  E luent components 

Petroleum ether 

Ethyl ether 

Acetic acid 

3) Merck H PTLC s i l ica gel p late, 1 0  x 1 0  cm 

4) Methanol 

5) Anisaldehyde detection reagent 

Anisaldehyde (Caution:  hand l e  with care) 

Acetic acid 

Methanol 

Concentrated sulfuric acid 

6) Wax reference materials in chloroform ( 1 0  mg/ml)  

Candelilla wax Para ffin wax 

Carnauba wax Rice wax 

Ceresine wax Spermaceti wax 

Earth wax Bleached beeswax 

Japan wax White beeswax 

Montan wax Yellow beeswax 

3. Samples 

Samples can be taken from facs imi le  objects or u n k nowns .  The sample should be 

approximately 500 f,lg i n  weight and contain only the paint layer or material of 

i nterest. The paint layer or material being i nvestigated should be separated from 

all other layers, such as the gro u n d ,  varn ish  layers, or support .  Samples are placed 
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i n  a 250-f,lg  i nsert vial and are d i ssolved i n  80 f,l l  ch loroform . Some of the sample 

may not total ly d issolve i n  the chloroform soluti o n .  

Reference solut ions o f  waxes are made i n  a concentration o f  1 0  mg/ml  from 

candel i l la ,  carnauba, ceres ine ,  earth ,  Japan , montan , paraffin ,  r ice, and spermaceti 

wax , as wel l  as bleached , wh ite, and yellow beeswax. These solutions are 

prepared by weighing 800 f,ll of wax into a 2 50- f,lg  i nsert vial and add ing  

80  f,l l  of  ch loroform . The insert v ial i s  placed i ns ide  a compression spr ing,  and 

the ent ire u n it i s  placed i n  a 4-ml glass vial .  This vial i s  then sealed with the 

Teflon septum cap. 

Insert vial 

4. Preparation Procedu res 

Compression 
spring 

Complete assembly 
inside 4-ml vial 

Preparation for TLC analysis i nc ludes prewashing the TLC plate and making fresh 

e luent systems and detection reagents. The fol lowing preparation procedu res 

are started 24 hours prior to analys i s :  

1 )  Prepare s i l ica TLe plates 

The s i l i ca gel plate is washed with methanol ,  then heated before use .  Th is  

proced u re takes about 2 hours .  The plate can be washed in  a sandwich 

chamber or a conventional chamber. The proced ure described here uses a 

sandwich chamber. 

P lace 5 m l  of methanol i n  the trough of a TLC sandwich chamber. Posit ion 

the s i l ica gel plate so that the stationary phase faces the backing plate and 

adj ust the spacing us ing the spac ing gu ide .  Attach the s i l i ca plate to the 

backi n g  p late with two c l ips .  Make sure that the c l ips are attached near the 

top of the plate. I n sert the assembly vertical ly i nto the trough contain ing  the 

methano l .  P lace all parts i n s ide a cyl indrical TLC chamber and cover with the 

l i d .  Al low the methanol to rise to the top of the s i l i ca gel plate. This process 

usual ly takes 20 m i n utes .  Remove the plate from the cham ber and d ry it in a 

fume hood . Place the plate in an oven at 1 00 °C for 1 hour  to activate the 

s i l i ca gel .  Cool and store the clean , activated s i l i ca p late i n  a desiccator 

contain ing  s i l ica gel .  The plate is ready for use after it cools  (usual ly 

30  m i nutes after it i s  removed from the oven ) .  
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+- Clip 

� Backing plate 

�J---Back of 
TLC plate 

, .--Cylindrical 
chamber 

�=====:::::J��r---Trough 

2) Prepare el uent 

Prepare 60 m l  of the eluent fresh dai ly for an analysi s .  Mix  petroleum 

ether, ethyl ether, and acetic ac id i n  a 90: 1 0 :  1 ratio .  Seal the solut ion in  an 

amber bottle to maintain freshness.  

3) Prepare cyl ind rical chamber 

1 09 

Presaturate the cyl ind rical TLC chamber with 1 0  m l  of the solvent system at 

least 30 m i n utes before analys i s .  Place the trough of the sandwich chamber 

i ns ide the cyl i nd rical cham ber. Cover the cyl i n drical chamber with a l i d .  

C ___ ::>4--III - Lid 

Add 10 ml of eluent to 
cylindrical chamber 

-III Cylindrical 
chamber 

�3������;;t----Sandwich chamber 
trough 

4) Prepare anisal dehyde detection reagent 

Measu re 0 .5  ml of an isaldehyde into a 250-ml  amber bottle .  Add 1 0  ml of 

concentrated acetic aci d ,  84.5 ml of methanol ,  and 5 ml of concentrated 

su lfuric acid . Mix  thoroughly. The reagent can be stored for 1 -2 weeks. 

Reminder: H ighly corrosive concentrated acetic acid and su lfuric acid are 

used in this detection reagent. They should be hand led with extremecare i n  

a wel l -venti lated fume hood. A l a b  coat, goggles, a n d  protective gloves 

should be worn when handl ing. Avo id contact with l iqu id  or vapors. 
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5.  TLC Analysis Procedures 

To analyze waxes by TLC, the chloroform extracts of sam ples are spotted in i nd i 

v idual lanes at  the  basel ine  of  a prewashed,  activated H PTLC si l ica ge l  plate . The 

plate i s  attached to the backing p late of a sandwich chamber and i nserted into a 

smal l  trough contain ing  the e luent (petroleum ether : ethyl ether : acetic acid ,  

90: 1 0 : 1 ) .  The development o f  the plate takes place ins ide a cyl i nd rical TLC 

chamber to m i n i m ize the effects of air  cu rrents on the movement of the solvent 

front. This also m i n i m izes the premature evaporation of the solvent system.  The 

development of the plate i s  com plete when the e luent front reaches a d i stance of 

8 cm from the basel i ne .  The plate i s  removed and d ried i n  a fume hood before 

spraying with the an isaldehyde reagent. Patterns of fl uorescent spots are vis i ble 

for each sample when the plate i s  viewed under  u ltraviolet l ight. The plate may be 

photographed for documentation i mmed iately. 

The fol lowing n ine  steps describe the procedu re for analys i s :  

1 )  Draw the base l ine  

Us ing a ruler and  penci l ,  l ightly d raw a l i ne  1 cm from the  bottom edge of  the 

plate. Very l ightly mark the lanes with short tick marks at interval s of 0.5 cm 

along this base l ine ,  for a total of 1 9  lanes. In the upper left corner, number 

the plate with a reference n u m ber, used to relate the TLC to information in 

the research notes. Beside the n u m ber, place the date and the operator's 

i n it ials .  P lace a mark 8 cm from the basel ine as a reference to he lp determ ine 

the completion of the development. I f  th is  mark i s  scored heavi ly through the 

s i l i ca gel ,  it w i l l  be v is ib le  on both s ides  of the plate. 

Top 

#, date, initials 

s u 
� 
a 

-

1 em tL-_____ --' 

Bottom 

2) Apply the reference solutions to the p late 

8 em 

Baseline 

Al l  solutions are appl ied fo l lowing the spotting proced u res noted in  Protocol 

H. Approximately 1 0  min utes before analys is ,  gently heat the reference so lu

t ions to 40 °C on a hot plate. Apply 0 .5  f,l l  of each reference solution on a tick 

mark at the origin of a lane,  using a capi l lary pipette. The total volume may 

be appl ied i n  a series of smaller volumes to m i n i m ize the d iameter of the 

spot. An air  gun may be used to rapid ly evaporate the carrier solvent 

between appl ications .  Take care not to get the air gun too close to the 

pipette, as the sample will evaporate. 

3) Apply unknown sample  solutions 

Agai n ,  heat the solut ions to 40 °C 10 m i n utes before appl ication .  I f  pOSS ib le ,  

apply each u n known sample i n  two d ifferent volumes.  For example ,  in  one 
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lane apply 1 .0 JJ I  of the u n known sample,  and i n  a second lane apply 0.2 JJ I  of 

the same solution .  (The u n known sample may or may not be very concen

trated , and this  proced ure m i n im izes the poss ib i l ity of overload ing the plate . )  

4 )  Develop t h e  TLC plate 

Once the plate is spotted,  develop i m mediately or store i n  a desiccator. Open 

the l id of the cyl i nd rical cham ber s l ightly, and qu ickly p lace 5 m l  of eluent in  

the trough of  a TLC sandwich chamber, located inside the cyl i ndrical 

chamber. Position the s i l i ca gel plate so the stat ionary phase faces the 

backi n g  plate and adjust spacing between the edge of the plate and the rim 

of the back ing plate with the spaci ng guide. Attach the s i l ica plate to 

the backing plate with two c l ips .  Make sure that the c l ips are attached 

near the top of the plate , next to the spacers . Qu ickly open the cyl i ndrical 

cham ber and set the bottom edge of this assembly i nto the trough con

tai n ing the e luent .  Replace the l id of the cham ber. Do not leave the 

chamber open for any length of time, as the vapor phase equilibrium will 

be lost. 

Backing plate 

�'---Back of 

� Cylindrical 
chamber 

TLC plate 

�=====3'�}---- Trough 

5) Completion of development 

Develop the plate for a d istance of 8 cm. Development usually takes about 

1 5  m i n utes. 

6) D ry the plate 

Remove the p late from the chamber and let it d ry for about 30 m i nutes at 

room tem perature in the fume hood . 

7) Prepare to spray p late 

Sprayi ng of an ani saldehyde reagent should always be performed u nder a 

well -venti lated fume hood or some other device to ensure effective removal 

of the reagent cloud and solvent vapors, which are corrosive and toxic. 

Protective glasses, laboratory gloves, and a resp i rator should always be 

worn d u ring spraying. Set the plate on a clean, d ry spray stand i nside 

a spray box. Fi l l  the reagent sprayer with 1 5-20 m l  of an isaldehyde 

detection reagent. 
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8) Spray plate w ith anisaldehyde 

Hold the reagent sprayer 8-1 0  cm from the surface of the TLC plate and 

spray the plate slowly back and forth ,  then u p  and dow n ,  u nt i l  the plate is 

evenly covered.  This i s  usually when the thin layer of s i l ica gel i s  wetted with 

just enough detection reagent to begin to turn transparent. 

Start 

9) Heat plate 

....... .... " . ' . .... � .. 

!0:[d •• : •• ·l· •• · •• ·n,.·.,·�·: :. I ·' .� ., :. : . .• .• �.!.!;!.iil , �? .·.> 

: .... .. . :' .... :. : .
. . 

Stop 

Dry the plate for 1 5-20 m i nutes i n  the fume hood , then place it i n  a 

preheated oven at 1 00 °C for 1 0  m i n utes. 

6. Data Analysis Procedures 

After the separation zones are visual ized by reaction with the detection reagent, 

the plate i s  documented (see Protocol G) and evaluated (see Protocol I ) .  Docu

mentation i ncl udes two procedu res .  The fi rst i s  written documentation that 

inc ludes annotation in a bound research notebook of all methods and procedures 

used.  The second is visual documentatio n ,  which includes making a photo-

copy of the TLC plate (to be placed in  the notebook) and photograph ing or d ig i 

tal ly scan n ing the p late. Eval uation of the p late can inc lude qual itative or 

semiquantitative techn iques .  The m igration d i stances ,  color, and i ntensity of 

the separation spots are noted . The Rf value for each spot is calcu lated.  

7. I nterp retation 

The chromatographic pattern of the u n known materials i s  compared to those of 

the reference materials run on the same plate . I dentification of the u n known 

sample can be made if its chromatograph ic  pattern closely matches that of a 

reference sample. 

Identification of the i ndiv id ual separation zones of each wax i s  not attempted .  

Separation o f  at least n ine spots i s  seen for three types o f  beeswax (white ,  yel low, 

and bleached) .  All  other waxes give d i st inguishable chromatographic patterns. 



Sum mary 

Scope 

P rotocol D 

Identification of Resins by Thin-Layer Chromatography 

Separation of ethyl acetate extracts for the identification of resins 

Layer: Merck H PTL( si l ica gel 

Eluent:  Benzene : methanol (95 :5) 

Tech n ique:  Threefold development, sandwich chamber 

Migration Distance: 8 cm in  approximately 30 minutes (3 times; total time = 1 .5 
hours) 

Detection :  Spray plates evenly with  antimony trichloride detection 

reagent; heat at 1 00 O( for 10 minutes; document 

immed iately after detection 

I dentification of res ins  by th i n - layer chromatography is based on com parison of 

the chromatographic patterns for reference and un known materials .  The number, 

locat ion,  and color of the spots are noted.  

The res in  samples are d issolved i n  ethyl  acetate. The soluble portion of the resi n  i s  

appl ied to a prewashed , activated H PTLC s i l i ca ge l  p late. The plate is developed 

in a sandwich cham ber, using a benzene and methanol e luent.  The chromato

graphic plate i s  usual ly developed two or three times in the same solvent system 

to improve resolut ion of the spots in the chromatographic patterns .  The 

p late i s  sprayed with a com mercial ly avai lable antimony trichlor ide detection 

reagent. Exam ination of the plate under  u ltraviolet l ight reveals a variety of 

colored fluorescent spots. 
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Scheme 

Resin Analysis by Thin-Layer Chromatography 

Supporting Operation 

I Sample preparation > 
I Prepare references > 

Main Operation 

Prewash sil ica gel plate Spot references 

Prepare eluent, benzene : 
methanol (95:5) 

Saturate chamber with 
eluent 

and samples 
on TLC plate 

Develop plate in sandwich 
chamber to 8 cm 

for - 1 5 minutes; repeat 
development 

3x 

Spray with antimony 
trichloride detection reagent, 

heat at 100 °C for 
1 0 minutes 

Document plate 
(Protocol G) 

Evaluate plate 
(Protocol I) 
interpret data 
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1 .  Equi pment and Suppl ies 

The following equ ipment i s  needed for a s i ngle development TLC analysis us ing a 

sandwich chamber: 

1 )  Amber glass storage bottles (250 ml )  

2)  Cap i l lary pipettes ( 1 .0  and 0.2 iJ l  s ize) 

3) Hot plate 

4) Thermometer 

5) Cyl i n d rical TLC cham ber and l id  

6)  Sandwich chamber 

7) G lass vials with Teflon septum caps (4 ml)  

8) 250-iJl vial i nserts and compression springs 

9) G raduated cyl i nder ( 1 00 ml)  

1 0) Oven 

1 1 )  Reagent sprayer 

1 2) Ruler ( i nch and metric) 

1 3) Spray box 

1 4) Spray stand 

2. Chem icals and Materials 

1 )  Ethyl acetate 

2) E luent components 

Benzene 

Methanol 

3) Merck H PTLC s i l i ca gel plate , 1 0  x 1 0  cm 

4) Methanol 

5) Anti mony trichloride detection reagent (Sigma Chemical Co.) 

(Caution :  toxic detection reagent, hand le with care) 

6) Resin reference materials in ethyl acetate (3 mg/ml) 

Amber Gamboge 

Benzoin 

Colophony 

Congo copal 

Dammar 

Manila copal 

Mastic 

Myrrh 

Shellac 

Dragon 's blood Sandarac 

Elemi 

3. Samples 

Samples can be taken from facs im i le  objects or un knowns.  The sample should be 

approx imately 500 iJg in weight and contain only the paint layer or material of 

i nterest. The paint layer or material being i nvestigated should be separated from 

all other layers, such as the groun d ,  varn ish  layers, or support. The sample is 

d issolved in ethyl acetate (some of the sample may not totally d i ssolve 

in the solvent). To do th is ,  place the sample in a 250-iJ l  i nsert vial and add 
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1 00 JJ I  of ethyl  acetate. Place the i nsert v ia l  in  a compression r ing and put 

the ent ire un i t  i n  a 4-ml  glass vial . Then seal  the vial with the Teflon septum cap.  

Insert vial Compression 
spring 

Complete assembly 
inside 4-ml vial 

Reference solut ions of b ind ing media are made from amber, benzo i n ,  colophony, 

Congo copal , dammar, d ragon 's blood , e lemi ,  gamboge , Mani la  copal , mastic, 

myrrh , shel lac ,  and sandarac. All  reference solut ions are made in a concentration 

of 3 mg/ m l .  They are prepared by weigh ing 6 mg of res i n  i nto a 4-ml  glass 

vial and add i n g  2 ml of ethyl acetate. This vial i s  then sealed with the 

Teflon septum cap. These solut ions are prepared at least 24 hours before 

analysis and are stable for months at room temperature. 

4. Preparation Procedures 

Preparation for TLC analysis i ncl udes prewash ing  and activating the TLC plate and 

making fresh e luent systems.  The fol lowing preparation proced ures are started 

24 hours prior to analysis :  

1 )  Prepare s i l ica TLC plates 

The s i l i ca gel plate is washed with methanol ,  then heated before use.  This 

procedure takes about 2 hours .  The plate can be washed i n  a sandwich 

chamber or a conventional cham ber. The proced ure described here uses a 

sandwich chamber. 

P lace 5 ml of methanol i n  the trough of a TLC sandwich cham ber. Position 

the s i l ica gel plate so that the stationary phase faces the back ing plate and 

adj ust the spacing with the spacing guide. Attach the s i l i ca plate to the 

backing plate with two c l ips .  Make sure that the c l ips are attached near the 

top of the plate . I nsert the assembly vertical ly i nto the trough contain ing  

the  methanol . P lace al l  parts i n s ide  a cyl i ndrical TLC cham ber and  cover with 

the l id. Al low the methanol to rise to the top of the s i l i ca gel plate . Th is  

process usua l ly  takes 20 m i n utes .  Remove the plate from the cham ber and 

d ry it in a fume hood. Place the plate i n  an oven at 1 00 °C for 1 hour to 

activate the s i l ica gel .  Cool and store the clean , activated s i l ica plate in a 

des iccator conta in ing s i l ica gel .  The plate i s  ready for use after it cools 

(usual ly 30 m i nutes after i t  i s  removed from the oven) .  
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1 .. -- Backing plate 

�I----Back of 

4l1li Cylindrical 
chamber 

TLC plate 

�===========S���--- Trough 

2) Prepare eluent 

Prepare 60 ml  of the e luent fresh dai ly for an analys is .  Mix  benzene and 

methanol i n  a 95:5 ratio.  Seal the solution i n  an amber bottle to mai n 

tain freshness .  

3 )  Prepare cyl i ndrical chamber 

The TLC chamber m u st be saturated with 1 0  ml  of the e luent at least 

1 1 7  

30 m i nutes before analys i s .  P lace the trough of the sandwich cham ber i ns ide 

the cyl ind rical chamber. Pour 10 ml  of the e luent solut ion into the 

cyl i ndrical cham ber and cover it with a l i d .  

C _ _  ::>4--41111 - Lid 

Add 10 ml of eluent to 
cylindrical chamber 

4l1li Cylindrical 
chamber 

�3i§�����;L---Sandwich chamber 
trough 

5. TLC Analysis Procedu res 

To analyze res ins  by TLC,  the ethyl acetate extracts of samples are spotted in i nd i 

vid ual lanes at the  base l ine of  a prewashed , activated H PTLC s i l ica gel plate . 

The plate i s  attached to the backing plate of a sandwich chamber and i nserted 

into the smal l  trough conta in ing the e luent (benzene : methano l ,  95 :5) .  The 

development of the plate takes place i n s ide a cyl i ndrical TLC chamber to m i n im ize 

the effects of air cu rrents on the movement of the solvent front.  This also m i n i -
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m izes the premature evaporation of the solvent syste m .  The development of the 

plate i s  complete when the eluent front reaches a d i stance of 8 cm from the 

base l ine .  Depending on the nature of the unknown res in  and the need for reso

lution, the p late may be developed two or three t imes.  The plate is removed from 

the sandwich chamber and dried in a fume hood. The eluent i s  replenished if 

necessary and the plate is redeveloped . The plate i s  d ried,  then sprayed with an 

antimony trichloride detection reagent. Patterns of f luorescent spots are v is i ble for 

each sample when the plate i s  v iewed u nder u ltraviolet l ight. The p late may be 

photographed for documentation immed iately. 

The fol lowing twelve steps describe the proced u re for analys is :  

1)  D raw the basel ine  

Us ing a ru ler  and penci l ,  l ightly draw a l i ne  1 cm from the bottom edge of  the 

plate . Very l ightly mark the lanes with short tick marks at intervals of 0.5 cm 

along this  base l ine ,  for a total of 1 9  lanes. In the upper left corner, n u m ber 

the plate with a reference n u m ber, used to relate the TLC to information i n  

the  research notes. Beside the  n u m ber, place the date and  the  operator's 

i n it ials .  Place a mark 8 cm from the base l ine as a reference to he lp determ ine  

the com pletion of the  development. If the  mark i s  scored heav i ly through the 

s i l ica gel ,  it  w i l l  be v is ible on both sides of the plate . 

Top 
#, date, initials -

s 8 em 
u 
to 
ci 

1 em tL-_____ ---J 
Baseline 

Bottom 

2 )  Apply the reference solutions to the plate 

Al l  solutions are appl ied fol lowing the spotting procedures noted in Protocol H .  

Approximately 10  m i n utes before analys is ,  gently heat the samples to  40 °C 

on a hot plate . Apply  0 .5  f,l l  of each reference solution to a t ick  mark on 

the origin of a lane us ing a cap i l lary pipette. The total volume may be appl ied 

i n  a series of smal ler volumes to m in i mize the d iameter of the spot. An air  

gun may be used to rapidly evaporate the carrier solvent between appl i 

cations .  Take care not to get the air gun too close to the pipette, as the sample 

will evaporate. 

3) Apply unknown sample solutions 

Heat the samples to 40 °C 10 m i nutes before appl ication.  I f  poss ib le ,  apply 

each u n known sample i n  two d ifferent vol u mes. For exam ple,  i n  one lane 

apply 0.5 f,l l  of the u n known sample,  and in  a second lane apply 1 f,l l  of the 

same solution . (The un known sample may or may not be very concentrated,  

and this  p rocedu re m i n i m izes the poss ib i l ity of overload ing the plate . )  

4 )  Develop t h e  TLC plate 

Once the plate i s  spotted,  develop immediately or store i n  a desiccator. Open 
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the l id  of the cyl indrical chamber s l ightly and q u ickly place 5 m l  of e luent 

solution i n  the trough of a TLC sandwich chamber, located i ns ide the cyl i n 

drical cham ber. Posit ion the s i l ica gel plate s o  that the stat ionary phase faces 

the back ing p late and adjust spac ing between the edge of the plate and 

the rim of the backing p late with a spac ing guide.  Attach the s i l ica plate to 

the backing plate with two cl ips.  Make sure that the c l ips are attached 

near the top of the plate , next to the spacers. Qu ickly open the chamber and 

set the bottom edge of this assembly into the trough contain ing  the e luent .  

Replace the l id of the chamber. Do not leave the chamber open for any 

length of time, as the vapor phase equilibrium will be lost. 

+-- Clip 

1 4--Backing plate 

�I----Back of 

... Cylindrical 
chamber 

TLC plate 

�=====::::i'�r--- Trough 

5) Completion of development 

Develop the plate u nt i l  the solvent front reaches the 8 cm mark on the plate . 

Development usual ly takes about 1 5  m i nutes. 

6) Dry the p late 

Remove the plate from the chamber and let it d ry for about 30 m i nutes at 

room temperatu re in the fume hood . 

7) Redevelop the plate 

Reattach the TLC plate to the backing plate of the sandwich chamber, as 

before. Check the spacing of the p late with the spacing guide .  Replenish the 

eluent i n  the trough i f  necessary. Place the bottom assembly i n  the trough 

and cover the cyl i ndrical cham ber, as before. 

8) Completion of second development 

Develop the plate to the mark of the fi rst development,  which usual ly takes 

about 30 m i nutes. The plate may be redeveloped a th ird time if h igher 

reso lution of the chromatograph ic  spots i s  des ired .  

9) Dry the plate 

Remove the plate from the chamber and let it d ry for about 30 min utes at 

room tem perature in the fume hood . 

1 0) Prepare to spray p late 

Note: Spraying of an antimony trichloride reagent should always be 

performed under a wel l -venti lated fume hood or some other device to 
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ensure effective removal of the reagent cloud and solvent vapors, which are 

corrosive and toxic. Protective glasses, laboratory gloves, and a respi rator 

should always be worn d u ring spraying. Set the plate on a clean , d ry spray 

stand i ns ide a spray box . F i l l  the reagent sprayer with 1 5-20 ml of anti mony 

trichlor ide detection reagent. 

1 1 ) Spray p late with anti mony trichloride 

Hold the reagent sprayer 8-1 0  cm from the surface of the TLC plate and 

spray the plate slowly back and forth ,  then u p  and down,  unt i l  the plate i s  

evenly covered.  Th is  i s  usua l ly  when the plate just begins to turn transparent. 

Start 

1 2) Heat p late 

.""'-" .... ,:' . ' . .... � .. 

,rf�: �: l: :::· ::B:�,�: : I " : '. : I 
: b:i:!�j:j::�I::;

:
W·: : ·:> 

'. ' . . ' .... : . : Stop 

Dry the plate for 1 5-20 m i nutes in the fume hood , then place it in a 

preheated oven at 1 00 °C for 1 0  m inutes .  

6. Data Analysis Procedu res 

After the separation zones are v isual ized by reaction with the detection reagent, 

the plate i s  documented (see Protocol G)  and eval uated (see Protocol I) . Docu

mentation inc ludes two procedures .  The fi rst i s  written docu mentation that 

incl udes annotation in a bound research notebook of al l  methods and procedures 

used . The second i s  v isual documentation ,  wh ich inc ludes making a photo-

copy of the TLC plate (to be placed i n  the notebook) and photograph ing or d ig i 

ta l ly  scan n ing  the plate. Eval uation of the plate can i nclude q ual itative or 

semiquantitative techn iques .  The m igration d istances, color, and intensity of 

the separation spots are noted.  The Rf value for each spot is calcu lated.  

7. Interpretation 

The chromatograms produced by these procedures contain a large n u m ber of 

spots that f luoresce in a variety of colors. The chromatographic pattern of 

the un known materials is compared to those of the reference materials run on 

the same plate . Both the locations and the colors of the spots are s ign if icant to 

the interpretation of the data. Identification of the unknown sample can be made 

if the chromatograph ic  pattern of both the location and the colors closely 

matches that of a reference sam ple.  



S u mmary 

Scope 

Protoco l E 

Written Documentation of the TLC Plate 

G uidel ines for written documentation of a TLC plate 

Suppl ies: Bound research notebook 

Waterproof black ink pen 

Archival adhesive 

Time: Approximately 1 5  m i n utes per plate 

It is good laboratory practice to maintai n com plete written and photograph ic 

documentation of each TLC plate. One rule of thumb is that the experiment 

should be com pletely reprod ucible from the written notes. This protocol provides 

a template for creating an accu rate description of the methods and proced u res 

used in  a TLC experiment. 

The chromatographic data needed for report ing a TLC experiment inc lude infor

mation on the cham ber, plate , e luent,  appl ication and location of the sam ples, and 

detection reagents.  Th is  i nformation is logged in a bound research notebook as 

the experiment proceeds.  Upon completion of the experi ment,  the TLC plate 

is evaluated , and Rf values of the separation zones are recorded . The photocopy 

of the TLC plate i s  made and placed in  the research notebook us ing an 

archival adhesive.  



1 22 Striegel . H i l l  

1 .  Documentation of a TLC Plate 

The written docu mentation  of a TLC plate is an i mportant part of the overal l 

research process.  Written documentation i s  kept for every TLC experiment 

attempted , whether the resu lts are posit ive, negative, or i nconclusive. The data 

provide a means of examin ing  the work, and aid in the design of new experiments. 

For example ,  an u nknown i s  analyzed for the identif ication of proteins  by nc. It 

is hydrolyzed and spotted at two volu mes, 1 .0 and 0.2 )J I ,  on a cel l u lose plate . 

U pon detection of the plate , very faint spots are seen for the 1 .0-)J 1  appl ication 

and no spots are seen for the 0.2 -)J 1  appl ication of the unknown.  By looking at the 

written notes ,  it becomes obvious that the concentration of the u n known sam ple 

i s  too low. The sample can be concentrated and reanalyzed us ing the same 

method . It i s  also usefu l to make a photocopy of the TLC plate and keep it with 

the written notes. 

2 .  Proced ures 

All experimental i nformation i s  entered into a bound research notebook with a 

black waterproof i n k  pen . Any mistakes i n  the notes are marked out with a s ingle 

stroke through the error. Corrections are written beside or above the m istake. 

Notes should be written neatly so that others can read them. I t  i s  suggested that 

i nstructions be written in fi rst person , active voice. For example :  "I placed the TLC 

plate i nto the chamber at 3 :00 P . M . " 

1 )  Copy tem plate i nto research notebook prior  to analysis 

I n  order to note all the im portant detai ls  of the experiment whi le it i s  in  

progress, it is helpful to copy the fol lowing template into the research 

notebook prior to analys i s .  

2)  Record the  following i nformation as  the  analysis proceeds: 

a. Date 

b.  Name of tech nic ian 

c .  Type of TLC analysis 

d. Purpose of analysis ( 1 -2 sentences) 

e.  Type of chamber and approximate d imens ions 

f. Type of development ( i . e . ,  sandwich chamber or conventional ;  s i ngle 

or m u lt ip le) 

g.  E luent system (with manufacturer and lot of solvents used) 

h. Type of TLC plate (with manufacturer and lot used) 

i. Preparation of TLC plate ( i . e . ,  prewashed and activated or as received) 

j. Start time of analysis 

k .  Stop time of analysis 

I .  Total time 

m. D istance traveled by eluent 

n.  Detection reagent (with manufacturer and lot used , and date prepared) 

3) Prepare a table and record the fol lowing: 

a. Lane nu mber 

b.  Su bstance applied 

c. Quantity of sample applied 
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d .  Date solution was prepared (and notebook page number) 

e. N u mber of separation zones 

i. d istances 

i i .  Rf values 

i i i .  notes 

4) Make a photocopy of the TLC plate 
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After the  detection and  evaluation of  the  TLC plate, make a photocopy of  the 

plate and adhere it to the notebook with an archival ad hesive. Note: Do not 

use tape. An acid-free wh ite glue i s  recommended for attach ing notes, photo

copies of plates , etc . ,  to the notebook. 

Template for Written Documentation of a TLC Plate 

Date : 

Type of analysis: 

Purpose: 

Cham ber: 

E luent system :  

TLC plate : 

Start t ime:  

Total ti me :  

Detection reagent: 

Lane 

1 .  

2 .  

3 .  

4.  

5 .  

6 .  

7 .  

8 .  

9 .  

1 0. 

1 1  . 

1 2 .  

1 3 .  

1 4 . 

1 5 .  

1 6. 

1 7 .  

1 8 . 

1 9 .  

Substance 

Name: 

Type of development: 

Preparation of plate : 

Stop t ime:  

D i stance traveled : 

Quantity DistancelRf values Notes 





Sum mary 

Scope 

Protocol F 

Photodocumentation of the TLC Plate Using Visible Light 

Guidel i nes for photographic documentation of a TLC p late 

Equipment: 35-mm camera 

Copy stand 

Light box (simi lar to those used to view s l ides) 

Two tungsten lamps 

Light meter (optional) 

F i lm :  Black-and-white fil m:  35-mm Kodak TMAX 1 00 

Color sl ide f i lm:  35-mm Kodak Ektachrome P rofessional 

1 60T (tungsten balanced) 

Time: Approximately 30 minutes per plate (less in  a large series) 

Photography i s  used to q u ickly and accurately record the TLC resu lts under either 

normal or u ltraviolet l ight. This protocol describes the proced u res used to photo

graph a TLC plate u nder normal l ight. For photodocumentation of TLC plates 

under u ltraviolet l ight, see Protocol G .  

Photography i s  the preferred method for permanently record ing t h e  resu lts 

of a TLC experi ment. TLC separation zones can be detected with reagents that 

create vis ib le spots, such as those seen for amino acids when detected with 

n i n hyd rin .  Such a TLC plate i s  photographed us ing tungsten photoflood lamps 

(balanced 3200 OK) for i l l u m ination .  The TLC plate i s  photographed with 

black-and -wh ite pr int fi lm and color s l ide fi l m  under normal i l l u m ination using 

a 3 5 - m m  camera on a copy stand .  
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Scheme 

Documentation of Thi n-Layer Chromatography by 
Normal Photography 

Supporting Operation 

I 
L
L
_
o
_
a
_
d
_
fi
_
lm 
____________ �:> 

Mount filters on camera 

Set up copy stand and 
mount camera 

Position TLC plate on the 
light box 

Set up the tungsten 
lamps 

Main Operation 

Meter lighting-to determine 
approximate exposure 

Document and log 
each shot 

Rewind film; 
send for development 

Label and store 
slides and prints 



Photodocumentation of the TLC Plate Using Visible Light 

1 .  Equi pment and Suppl ies 

For photographic documentation of a TLC plate by normal photography, the 

eq u i pment and suppl ies needed are : 

1 )  3 5 - m m  camera with lens 

2)  Copy stand 

3) Light box ( l i ke those used for v iewing s l ides) 

4) Two tungsten photoflood lamps (balanced 3 200 OK) 

5) Light meter 

6) B lack-and -wh ite f i lm :  35 mm 

Kodak TMAX 1 00 

7) Color s l ide f i lm :  35 mm 

Kodak Ektachrome Professional 1 60T (tungsten balanced) 

2 .  Documentation of TLC Plates 

Plates are selected for photographic docu mentation .  General ly, only positive 

resu lts from successful TLC separations are photographed,  depending on 

the amount of time and suppl ies avai lable.  

3 .  Preparation Procedures 

1 )  Choose and load f i lm 
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A 35-mm camera is used for  the  photodocu mentation of  the  TLC plate. 

General ly, both a black-and-wh ite print and a color sl ide are made of the TLC 

plate . I f  two camera bodies are avai lable , one can be loaded with the black

and-wh ite f i lm,  and the other with the s l ide fi l m .  The camera bodies can be 

interchanged , us ing a s ingle lens ,  during the documentation of the p late. 

Relatively s low-speed fi lms  are used for the docu mentation of the v is ib le 

separation zones found on the TLC plate. F i lms used for this documentation 

inc lude the Kodak TMAX 1 00 black-and-wh ite print fi lm and the Kodak 

Ektachrome Professional 1 60T color sl ide f i lm .  These fi lms are used because 

of the f ine grain and excellent reproduction and enlargement capabil ities. If 

l ighting condit ions are l im ited-that is,  i f  the exposures are too long-faster 

f i lms  such as Scotch 640T tungsten- balanced s l ide f i lm or Kodak TMAX 400 

black-and-wh ite f i lm may be effective. 

2)  Set u p  copy stand and mount camera 

The copy stand i s  set up in a conven ient location that i s  away from other l ight 

sources, such as f luorescent l ighting (this can cause a green cast to your 

color slides) . A standard 50- mm lens (or a 60- m m  macro lens ,  depending on 

the size of the plate) i s  attached to the camera body, which i s  mou nted in 

turn on the arm of the copy stand.  

3) Set u p  the l ight box and position the TLC plate 

A l ight box is placed at the center of the copy stand and p lugged into an 

electrical socket. The chromatographic plate is placed on the light box and 

centered in  the v iewfinder of the camera. The l ight box i s  switched to the 

" o n "  position ,  and the TLC plate i s  viewed under transmitted l ight. 

4) Set u p  the tungsten lamps 

The TLC plate can be photographed us ing only the transmitted l ight from 
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the l ight box , or the l ight can be supplemented with two photographic 

tungsten lamps. Often ,  the plate wi l l  f i rst be photographed using 

transm itted l ight, then both transmitted and reflected l ight. One lamp is 

placed at 45° on each side of the TLC plate , and positioned so that 

the TLC plate i s  evenly i l l u m inated.  

Movable arm 
Copy stand r with 35-mm attachment 

Light stand 

4. Photodocu mentation Procedu res 

1 )  Meter l i ghting to determ ine exposure 

The exposure is determined by TTL (through the lens) meteri ng, us ing the 

bui lt- in  l ight meter of the camera. The reflected l ight from the TLC 

plate can alternatively be metered with a handheld l ight meter. I t  i s  recom

mended that the  f-stop be  set at  f 8 .0-which provides a good depth 

of f ie ld-and that the exposure time be adjusted unt i l  the proper exposure 

i s  reached . 

2) Photograph and bracket shots 

Make sure that the camera ASA is set to the appropriate ASA for the fi lm 

being used and that the f-stop i s  set at  f 8 .0 .  Photograph the plate with the 

exposure time set to the metered read i ng.  Bracket the exposure by changing 

the f-stop up  one stop,  then down one stop,  from the metered exposure .  

Th is  provides a range of  exposures and  betters the  chance of  tak ing a good 

negative or s l ide .  It  is easier to capture a good i mage of the plate withi n  24 

hours of detection than to rephotograph the plate at a later time .  (An 
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exception to  this rule is  the photodocumentation of  proteins detected by 

ninhydrin. In  this case, the separation zones are more easily seen a fter 24 
hours. TL C  plates for protein analysis should be photographed between 24 
and 48 hours after detection.) 

3) Document and l og each shot 

I t  i s  advisable to keep a written document of the photographs.  Th is  i nfor

mation can be kept in a laboratory notebook, in a ri ng binder, or on a 

com puter database. The information is valu able i n  that it provides documen

tation on the appropriate exposure for the photograph.  I f  the photo-

graphs do not come out satisfactori ly, the i nformation can be useful in  

making exposure corrections .  I t  a l so al lows for  tracking of photographs ,  par

ticularly for mu ltiple originals  that may be s imi lar. Most i mportant, shou ld 

the photograph need to be dupl icated at a later date, al l  necessary infor

mation on the exposure has been retained .  A sample log sheet i s  attached 

(Attachment A) . 

4) Rewind f i lm and send for development 

After al l  exposures are made, rewind and remove the f i lm from the camera.  

Send the f i lm to a rel iable photo processi n g  laboratory. Ask the lab to 

n u m ber the s l ides,  as th is  helps corre late each shot with written documen

tatio n .  B lack-and-wh ite fi lm  i s  processed and printed as a proof sheet. 

Individual photographs can be chosen for pr int ing from the proof sheet 

or the s l ide .  

5) Label and store s l ides and pri nts 

Label ing of s l ides i s  strongly enco u raged.  Th i s  i s  particularly useful when 

s l ides are borrowed by colleagues for presentations ,  so that the s l ides can be 

easi ly refi led . Proof sheets should be p laced in 8 x 1 0" polyethylene sheet 

protectors , and negatives can be housed in negative holders .  The proof 

sheets and the negatives can then be stored in D-ring b inders . 

S l ide labels can be handwritte n ,  typed , or generated by com puter. The label 

should contain at least: Name, Date, and Subiect. Other useful i nfor

mation can be added to the label ,  as wel l .  A sample label may look l ike th is :  

Date 

Subject 

Camera 

Film 

Roli No. 

Lens 

Photo No. 

f-stop Shutter speed 

Photographer 

PRO Laser labels are designed to fit s l ide mounts and can be pri nted on laser 

pri nters . They can be obtai ned through photographic  suppl iers or ordered 

d i rectly from the manufacturer. For d i rect orders, write to: S l ide Scribe,  

752 Wash ington Avenue So. ,  Min neapol i s ,  MN 55439. 

Helpful Hint: A dot can be placed in the upper right corner of each label and 

used to orient slides for proiection. First, the slide is held with the image 

upside down. Next, the label is attached to the front face of the slide, on the 

top border. The dot can be used to determine the proper orientation of the 



1 3 0  Striegel . H i l l  

slide. When a l l  slides are properly placed i n  the slide carousel, the dot will 

be seen on the outer edge of the slide. 

Always use polyethylene holders for photographic images , as nonarchival 

materials wi l l  damage the image. For valuable s l ides ,  make d u pl icates 

and store one copy in a separate place. 

Attachment A 

Photodocumentation Log Sheet 

F i lm rol l  no. ________ _ 

Name __________ _ Date __________ _ 

Subject 

L ights ______ _ Correction filters ________ _ 

Camera _____ _ Lens _____________ __ 

Meter ________ _ Polaro id  _____________ _ 

Diagram of eq u ipment setup 
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Name 

Film rol l  no .  

# Sample Camera d istance f-stop Sh utter Fi lter Description Comments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

2 1  

2 2  

2 3  

24 

25  

26  

27  

28  

29 

30 

3 1  

3 2  

33 

34 

35 

36  





Summary 

Scope 

Protocol G 

Photodocumentation of the TLC Plate Using 

Ultravi olet Light 

Guidel i nes for photographic documentation of a TLC plate by ultraviolet fluorescence 

photography 

Equ ipment: 35-mm camera 

Copy stand 

Filters: 

F i lm:  

Ultraviolet l ight  box (see Attachment A) 

Two handheld u ltraviolet lamps 

Light meter (optional) 

Kodak Wratten gel fi lters (2 E ,  1 0R,  1 0M ,  20Y) 

Black-and-white film: 3 5 - m m  Kodak TMAX 400 

Color s l ide f i lm:  35-mm Fujichrome Professional 400 

Time: Approx imately 30 minutes per plate ( less i n  a large series) 

Photography i s  used to q u ickly and accu rately record the TLC resu lts under 

e ither  v is ib le  or u ltraviolet l ight. Th is  protocol describes the proced u res used to 

photograph a TLC plate under u ltraviolet l ight. For photodocu mentation of 

TLC plates under v is i ble l ight ,  see Protocol F .  

Photography i s  the preferred method for  permanently record ing the resu lts of  

a TLC experi ment .  TLC plates detected with u ltraviolet f luorescent reagents, such 

as those used for  the analysis of carbohydrates, waxes ,  and res ins ,  are photo

graphed under the i l l u m ination of u ltraviolet lamps. The separation zones of the 

chromatogram are seen as v is i ble fl uorescent spots. The TLC plate i s  photo

graphed with black-and-wh ite print f i lm and color s l ide f i lm u nder u ltraviolet i l l u 

m i nation , u s i n g  a 35-mm camera on a copy stand .  
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Scheme 

Documentation of Thin-Layer Chromatography by 
U ltraviolet Fluorescence Photography 

Supporting Operation 

I 
L
L
_
o
_
a
_
d
_
fi
_
lm 
____________ �:> 

Mount fi lters on camera 

Set up copy stand and 
mount camera 

Position TLC plate and set 
up UV box 

I l..... 
s
_
e
_
t
_
u
_
p
_
t
_
he 

__ 

U
_
V
_
la
_
m 
__ 

ps 
____ �:> 

Main Operation 

Meter lighting-to determine 
approximate exposure 

Label and store 
slides and prints 
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1 .  Equi pment and Suppl ies 

For photographic documentation of a TLC plate by u ltraviolet f luorescence 

photography, the equi pment and suppl ies needed are : 

1 )  3 5 - m m  camera 

2 )  Copy stand 

3 )  UV l ight box 

4) Two handheld UV lamps 

5) Light meter 

6) Kodak Wratten gel fi lters and holder 

#2E 

#10R 

# 1 0M 

#20Y 

7) Black-and-wh ite fi l m :  35  mm 

Kodak TMAX 400 

8) Color sl ide fi l m :  35 mm 

Fuiichrome Professional 400 

2. Documentation of TLC Plates 

Plates are selected for photographic documentatio n .  General ly, on ly 

positive resu lts are photographed , depend ing on the amount of t ime and 

suppl ies avai lable.  

To photograph fluorescence, the room must be i n  total darkness; al l  v is ible l ight 

(except that originating from the plate) m ust be excluded . A photographic  

darkroom is the idea l  location to photograph these plates. I f  one i s  not avai lable,  a 

s i m ple  UV l ight box can be constructed that can be used i n  conju nction with a 

darkened room .  Due to the low level of v is ib le l ight being recorded,  fast f i lms are 

exposed and " push-processed" to ach ieve satisfactory images. 

3 .  Preparatio n  Procedures 

1 )  Choose and l oad f i lm 

A 3 5 - m m  camera i s  used for the photodocumentation of the TLC plate. 

General ly, both a black-and -white print and a color s l ide are made of the TLC 

plate . I f  two camera bodies are avai lable , one can be loaded with the 

black-and-wh ite fi l m ,  and the other with the slide fi l m .  The camera bod ies 

can be interchanged dur ing the documentation  of the plate . 

High-speed f i lms  are needed for the documentation of the vis ible f luores

cence resulti ng from the i l l um ination of the plate with ultraviolet l ight. F i lms 

used for  u ltraviolet f luorescence photography inc lude the Kodak TMAX 400 

black-and -white pr int f i lm and the Fuj ichrome 400 color s l ide f i lm .  These 

fi lms are exposed at an 800 ASA setting and " push-processed" one f-stop at 

a professional  f i lm process ing lab. The fi l m  is loaded i nto the camera 
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accord ing to the procedures specified in  the camera manual .  Set the camera 

ASA to 800 , and set the f-stop to f 8 .0 .  

2)  Choose and mount f i l ters on camera 

Gel fi lters are used with u ltraviolet f luorescence photography to e l im inate 

reflected u ltraviolet rad iation and, in the case of color s l ide fi l m ,  to correct 

the color balance of the fi l m  so that the result ing s l ide wi l l  accu rately 

reprod uce the color of the fluorescent spots seen .  Gel f i lters are rather fragi le 

and eas i ly deteriorate; they shou ld be hand led carefu l ly. 

The Kodak Wratten gel fi lter 2 E  is used for black-and-wh ite prints . For 

color sl ides, the Kodak Wratten gel color correction fi lters designated 1 0R ,  

1 0M ,  and  20Y are used i n  addit ion to  the  2 E  f i lter. The  order i n  which the 

fi lters are loaded into the holder i s  i mportant. The 2 E f i lter, wh ich blocks 

u ltraviolet rad iat ion ,  should be placed closest to the TLC plate being photo

graphed.  The color correction fi lters are placed between the 2E fi lter 

and the lens.  

3 )  Set u p  copy stand and mount camera 

The copy stand i s  set up in a room that can be made completely dark . 

Although a photographic darkroom is ideal , a closet or other windowless 

room can be used. A standard 50-mm lens (or a 60- m m  macro lens ,  

depending on the s i ze of the plate) i s  attached to the camera body, which i s  

mounted in  turn on the arm of the copy stand .  

4 )  Position T L C  plate and set u p  the UV l ight box 

(See Attachment A of th is  protocol for i nstructions on the manufacture of an 

inexpensive UV box.)  Place the TLC plate on the base of the copy stand ,  

and center the plate w h i le looking through the viewfinder o f  the camera. 

Place the UV l ight box over the TLC plate and position it so that the 

open ing i s  al igned with the lens of the camera. Move the arm of the copy 

stand so that the vertical position of the lens i s  at or near the open ing 

of the box . 

5) Set up UV lamps 

Two laboratory UV lamps are used to i l l um inate the TLC plate . One lamp is  

placed on each s ide of the box.  Each lamp i s  positioned so that the lamp 

area i s  f lush with  the window or  open ing  of the box. 

4. Photodocumentation Procedu res 

1 )  Determ ine exposure 

For u ltraviolet fl uorescence, it is poss ib le to approx imate the exposure from a 

l ight meter read ing with a handheld l ight meter (see step 2 if a meter is not 

avai lable) . The meter must be capable of calcu lating long exposures. The 

meter is used to measure the reflected l ight coming  from the plate. F i rst, turn 

on both UV lamps ( in the shortwave mode) . Look through the camera to 

see that the TLC plate is centered in the viewer. Check to see that the UV box 

is not block ing any part of the image . Move the copy stand arm , and back 

the camera away from the opening of the box. Set the handheld l ight 

meter to an f-stop of f 8 .0  and the ASA/ I SO to 800. Place the l ight meter 

d i rectly over the open i n g  and meter the exposure t ime.  S ince the colored 

filters that are p laced in front of the lens absorb some of the light that would 
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normally reach the fi l m ,  the exposure must be adj usted . Fol lowing is a l ist of 

the filter factors for each of the f i lters used : 

F i lter Exposure increase in f-stops 

2 E  N/A 

1 0R 1 /3 

1 0M 1 /3 

20Y 1 /3 

The amount of correction needed i s  the sum of the exposure increase for 

the f i lters that are used . For example,  for a color s l ide ,  al l  four f i lters are used , 

so the exposure i s  increased by one f-stop .  

2)  Photograph a n d  bracket shots 

Make sure that the camera ASA is  set to 800 and the f- stop i s  set to 

f 8 .0 .  Photograph the plate with the exposure time set to the metered 

read ing.  Remember that the gel fi lters affect the exposure by loweri ng the 

amount of l ight reach ing the f i lm .  The fi l m  wil l  be underexposed at the 

metered read ing ,  but i t  i s  a good starting point.  For example ,  if the metered 

exposure ind icates an exposure t ime of 4 seconds ,  then exposures of 4, 8 ,  

and 1 6  seconds are l i kely t o  prod uce a t  least o n e  negative that i s  properly 

exposed . If a light meter i s  not avai lable,  start with an exposure of 1 second 

and double the exposure time with each shot to 32 seconds .  For example,  

take a photograph with the exposure t ime set to 1 second.  Then set the 

camera exposure to the bu lb  position and take photographs at 2 , 4 ,  8 ,  1 6, 

and 3 2  seconds .  Timing can be done with a darkroom clock or by s im ply 

counting the time.  

3 )  Document and log each shot 

I t  is advisable to keep a written document of the photographs.  Th is  i nfor

mation can be kept in a laboratory notebook ,  in a r ing b inder, or on a 

computer database. The information is valuable i n  that it provides documen

tation on the appropriate exposure for the photograph .  I f  the photographs 

do not come out satisfactori ly, the information can be useful in making 

exposure correct ions .  I t  also al lows for track ing of photographs ,  part icularly 

for mu ltiple originals that may be s i m i lar. Most i m portant, should the photo

graph need to be dup l icated at a later date, a l l  necessary information on the 

exposure has been retained.  A sample log sheet i s  attached (Attachment B) .  

4)  Rewind f i lm and send for  development 

After al l  exposures are made,  rewind and remove the f i lm from the camera.  

Send the f i lm to a rel iable photo process ing laboratory. I nd icate to the lab 

that the f i lm has been exposed at 800 ASA and should be " push-processed . "  

Also ask the lab to number the s l ides,  a s  th is  helps correlate each shot with 

written documentation .  B lack-and-wh ite f i lm i s  processed and printed as a 

proof sheet. I ndivid ual photographs can be chosen for printing from the 

proof sheet or the s l ide.  

5) Label and store s l ides and pri nts 

Label ing of s l ides i s  strongly encouraged.  Th is  i s  particu larly useful when 

s l ides are borrowed by col leagues for presentations,  so that the s l ides can be 

eas i ly refi led . Proof sheets should be p laced in 8 x 1 0" polyethylene sheet 

protectors, and negatives can be housed in  negative holders .  The proof 

sheets and the negatives can then be stored in D-ring b inders .  
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Sl ide labels can be handwritten ,  typed, or generated by computer. The 

label should contain at least: Name, Date, and Subiect. Other useful 

i nformation can be added to the label , as wel l .  A sample label may 

look l i ke th is :  

Date 

Subject 

Camera 

Film 

RoU No. 

Lens 

Photo No. 

f-stop Shutter speed 

Photographer 

PRO Laser labels are designed to fit s l ide mounts and can be printed on laser 

printers .  They can be obtained through photographic suppl iers or  ordered 

d i rectly from the manufacturer. For d i rect orders, write to: Slide Scribe, 

752 Washington Avenue So. ,  M inneapol i s ,  M N  55439 .  

Helpful Hint: A dot can b e  placed i n  the upper right corner of  each label and 

used to orient slides for proiection. First, the slide is held with the image 

upside down. Next, the label is attached to the front face of the slide, on the 

top border. The dot can be used to determine the proper orientation of the 

slide. When all slides are properly placed in the slide carousel, the dot will 

be seen on the outer edge of the slide. 

Always use polyethylene ho lders for photographic images, as nonarch ival 

materials w i l l  damage the i mage. For valuable s l ides,  make d u pl icates 

and store one copy in a separate p lace. 

Attachment A 

Instructions for the Manufacture of an Inexpensive UV Box 

Cardboard boxes can be used to make an inexpensive chamber for u ltraviolet 

f luorescence photography. F i rst, the top flaps of the box are removed with a 

uti l ity kn ife . Then,  two right triangles are cut from one s ide of the box. 

- 16 in. 

1. Cut along dotted lines and 
remove the top flaps. Be sure 
to cut evenly so that the box 
sits flat. 

2. Cut two right triangles into 
one side of the box. 
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Next, a round opening 2 . 2 5  inches in s ize is cut in the center of the bot

tom of the box. 

Side v iew 

Overhead v iew 

3. Cut an opening into the 
bottom of the box so that a 
camera lens will fit snugly. 

Two inserts are made from extra cardboard or  a second box. Each cardboard insert 

is cut to a length that is 1 inch longer than the width of the UV box (about 

1 3  inches) .  Cut the width of the insert so that two 1 - inch external tabs remai n .  

Two tabs are also c u t  on o n e  e n d  o f  the insert, a n d  a rectangle i s  cut from the 

center. Cut along the dotted lines as ind icated in  the d iagram below. 

- 1  in. .. 
- � - - - - - - - - - - - - - - -

� - 6.5 in. � 

C]!- 3 in. � 
- 1 - - - - - - - - - - - - - - -

- 13 in. 

Cutting diagram 

Finished shape 

4. Use a flat piece of cardboard 
cut from a second box to 
manufacture an insert. 

5. Cut the length of the cardboard 
insert to equal the width of the UV 
box plus 1 inch (about 13 inches 
total). 

6. Cut the width of the cardboard 
insert so that two external tabs 
remain. This measurement will 
depend on the hypotenuse of the 
triangles cut from the UV box 
(see diagram at step 11). 

7. Cut a rectangle out of the 
center of the insert. 

8. Cut two I-inch tabs at one end 
of the insert. Repeat steps 4-8 to 
make a second insert. 
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Sl its are cut i nto the UV box at the corners of the triangular open i ngs and at the 

back of the box so that the tabs of the i nserts fit into the s l its of the box. 

/ , 

,V L-____________________________ � 

9. Cut four I-inch slits into 
the UV box. Two of these slits 
are cut in the bottom of the box 
at the comers of the triangular 
openings, and one is cut at each 
end of the box. The width of the 
slit should accommodate the 
thickness of the cardboard insert. 

10. On each side of the back panel 
of the UV box, cut I-inch slits that 
correspond to the comers of the 
triangles on the front panel of the 
box. 

Place the inserts i nto the triangular openings of the UV box, as shown 

in  the d iagram.  

View from front 
panel of the box 

11. The inserts are placed 
inside the triangular openings 
of the UV box. The tabs of the 
inserts are pushed into the 
slits of the box. 
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To e l im inate l ight leaks, seal the box  jo ins  with electrical tape. 

C] 
View from interior of the box 

Attach ment B 

Photodocumentation Log Sheet 

F i lm rol l  no .  

Name 

Subject ____ _ 

Lights 

Camera ______ . _______ __ 

Meter 

D iagram of equipment setup 

12. Using electrical or duct 
tape, seal all seams from the 
interior of the box. 

Date _____________________ __ 

Correction filters 

Lens 

Polaroid ____________________ _ 
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Name 

Fi lm rol l  no .  

# Sample Camera d istance f-stop Shutter F i lter Description Com ments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

21 

22 

23 

24 

25  

26 

27 

28 

29 

30 

3 1  

3 2  

3 3  

34 

35  

36 



Sum mary 

Scope 

Protocol H 

Sample Application for Thin-Layer Chromatography 

Appl ication of the sample to the TLC plate using capi l lary micropipettes 

Equipment: Capil lary micropipettes 

Pi pette holder 

Prewashed, activated TLC plate, as specified for separation 

Spotting template or  ruler 

Heat gun 

Time:  Approximately 1 minute per  sample; 1 0-20 minutes 

per TLC plate 

The appl ication of the sample to the TLC plate is an essential step in the sepa

ration of materials by means of th in- layer chromatography. I n  order to use 

the separation power of th in- layer chromatography, it is important for the sample 

to be accurately appl ied i n  a smal l  compact spot. Samples can be appl ied 

manual ly us ing glass capil lary micropipettes or a platin u m - i rid ium needle. Samples 

can also be appl ied to a plate using speCial ized automated eq uipment. This 

protocol descri bes the use of d isposable glass capi l lary micropipettes for the appl i 

cation of samples to the surface of the TLC plate. 
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1 .  Equi pment and Suppl ies 

The fol lowing equipment i s  needed for the appl ication of a sample to a TLC plate 

us ing d i sposable glass capi l lary micropi pettes: 

1 )  Prewashed,  activated TLC plate (as specified in  each Protocol) 

2)  Capi l lary m icropipettes ( 1 .0 and 0.2 1-1 1) 

3) Micropi pette holder 

4) Spotting template or ruler 

5) Heat gun 

2 .  Samp les 

The general requ i rement is  that the sam ple be dissolved in  an appropriate carrier 

solvent.  The sample solut ions may be made from u nknown,  reference, or  standard 

materials .  The carrier solvent affects the spot size of the sample and the ease 

with wh ich the sample can be appl ied . I t  i s  recom mended that a relatively volatile 

solvent be used as the carrier solvent. Also, due to the solubi l ity of various 

components with in  a sample,  it is  i m portant that u nknown and reference solutions 

be made with the same carrier solvent. 

3 .  Sam ple Appl ication Procedures 

Before the sample solutions can be appl ied to a TLC plate, an appropriate plate 

must be selected,  washed,  activated , and marked . These procedures are described 

in  detail in  each material analysis protocol . 

The appl ication of a solution to a plate involves the fi l l i ng of the m icropipette with 

the solution and the transfer of the solution to the TLC plate. The spot d iameter 

must be as smal l  as possible s ince the separation zones tend to i ncrease as the 

chromatogram develops. The surface of the stationary phase should not be 

pricked with the capi l lary micropipette; d isturbances to the su rface wi l l  affect the 

shape of the separation zones. Gloves should be worn throughout the sample 

application procedure to a void contamination of the sample or the TL C  

plate. T h e  samples are appl ied accord ing t o  a scheme that alternates between 

reference and sample solutions to m in im ize systematic errors that might 

arise from the appl ication of the solutions.  

1 )  Place the p i pette i nto the holder 

The micropipette holder i s  a glass tube with a dropper bu lb  attached to one 

end and a flexib le fitti ng at the other. Check to see that the dropper bulb 

is  attached near the end of the glass tube. I n sert the m icropipette into 
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the opening of the flexib le fitti ng so that a smal l  portion of the m i crop ipette 

(about 3 mm) can be seen ins ide the holder. 

2) F i l l  the p ipette with the sample solution 

I n sert the free end of the m icropipette i nto the sam ple solution . This  i s  

sometimes d ifficult. depend ing on the size of the v ia l  i n  which the sample is 

stored . I t  can be faci l itated by carefu l ly tipp ing the vial  so that the solu

tion f lows a long one wal l  of the vial . The m icropipette should fi l l  rap id ly by 

capi l lary act ion .  The men i scus of the solut ion can be seen travel ing  up  

the  micropipette. 

The vial can be tilted so that the 
solution is more easily reached. 

3)  Apply the sample solution to the TLC plate 

Solution as it fills the pipette. 

The solution is appl ied to the surface i n  smal l  increments (approximately 

0 .5  IJI in s ize) .  Transfer the sample solution to the TLC plate by p lacing the 

free end of the m icropipette in contact with the surface of the TLC 
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plate at the tick mark of a lane. Hold the micropipette vertically and gently 

touch it to the su rface of the TLC plate. 

It is sometimes d ifficult to start the flow of the sample solution from the 

micropipette. I f  the flow does not start naturally, the solution can be gently 

forced from the micropipette. The d ropper bu lb  contains a small hole .  

Cover the hole and very gradual ly apply pressure to the bulb .  This should 

start the f low of the solution .  

After a portion of the solution is appl ied , the spot is  rapidly dried using a heat 

gun .  The heat gun is  set on a low, cool setting and is  gently fanned back 

and forth across the spot. Care is  taken to keep the micropipette away from 

the heat gun ,  as the sample solution could evaporate from the end of the 

m icropi pette. After the spot is  dr ied,  another portion i s  appl ied.  This process 

continues unti l the micropipette is  empty. 
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The solutions can be appl ied to the plate us ing the general appl ication 

scheme below. I ntersperse the unknown and reference solutions to min im ize 

systematic error i n  the analys is .  

Scheme for Sample Application 
R1 , R2 , etc. = reference solutions 
U1 ,  U2 , etc. = sample solutions 

Name, TLC #, Date 

R1 R2 U1 R3 R4 U2 RS R6 U3 R7 RS 





Sum mary 

Scope 

Protocol I 

Evaluation of a TLC Plate 

G uidel ines for the evaluation of a TLC plate 

Supplies: Lamp (tungsten or  fluorescent bulb) 

U ltraviolet lamp 

Accurate ruler with metric (mm) markings 

Calcu lator 

A complete evaluation of a chromatogram aids in the docu mentation and i nter

pretation of the analys is .  The evaluation begins  when the plate is removed 

from the developing cham ber. The location and i rregularities of the solvent front 

are marked . The p late i s  observed under v is ib le l ight,  and then under  short

wave and long-wave u ltraviolet l ight.  After al l  v is ible and f luorescent areas are 

noted , the chromatographic plate is sprayed with a detection reagent for 

further visual ization . Again ,  the plate is observed u nder v is ib le and u ltraviolet 

l ight .  For each spot, the location (i . e . ,  d istance from the origi n ) ,  color, and 

i ntensity are recorded.  Next, Rf values are calcu lated . This protocol descri bes the 

basic methodology for evaluati ng a chromatogram.  For computer-aided evalu 

atio n ,  see Protocol L .  
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Procedures 

1 )  Mark the location and shape of the solvent front 

Upon removal of the TLC plate from the development chamber, observe 

the location and shape of the solvent front of the plate . Us ing a penc i l ,  l ightly 

mark the front .  Measure the d istance between the origin and the solvent 

front (ds) and record this value in  the written documentation .  

2)  Note any vis ib le spots or  areas under v is ib le  l ight 

Visual ly examine the TLC plate , noting any colored spots or areas. If 

spots are seen ,  note the hue and value of the spot in  the written documen

tation (see Protocol E) . For  instance, a spot may be yellow-orange (hue) 

and med ium-dark (value) . 

3) Note any fl uorescent spots or areas under fluorescent l ight 

Hold or prop a fluorescent lamp over the TLC plate about 2 inches from 

the surface. Be sure to wear UV protective goggles during this exami nation 

to prevent poss ib le  eye damage . Note any fluorescent spots. 

4) Spray and heat the TLC plate 

Spray the TLC plate with the specified detection reagent and heat for the 

requ i red length of time .  Fol low the instructions given in  the ind ividual 

protocols regard ing the use of the detection reagent. 

5) Observe the TLC plate under vis ib le l ight and note any changes 

After detection with the appropriate reagent and heating,  the plate is again 

studied under vis ible l ight. Faint d iscoloration or d istinct spots may be 

seen on the plate. These are noted in  the written docu mentation .  They can 

be marked on the plate by c ircl ing with a penci l .  If the plate is  to be 

photographed , c i rcl ing the spots is  not recommended,  as markings on 

the plate should be kept to a m i n i m u m .  

6) Observe t h e  T L C  p l ate under f luorescent l ight a n d  mark t h e  spots 

The plate is  again placed under an ultraviolet lamp and closely inspected . The 

number, color, and location of spots in each lane are noted . The spots can 

be marked if photograph ing of the plate is  not planned . Otherwise, photog

raphy of the plate precedes any mark ing.  

7) Measure the d i stance from the center of each spot to the basel ine 

of  the TLC plate 

Once the plate has been examined and photographed , the d istance of each 

spot from the basel ine is  measured with an accurate metric ruler with 

mi l l imeter markings.  I t  i s  useful to circle the spots before measur ing the 

location ,  particularly if they are fluorescent spots . 

There are two ways of determin ing the center of the spot. One way is to lay 

the ruler perpendicular to the base l ine ,  along the lane, and estimate the 

center of the spot by eye. The second way is  to measure the d istance 

to the front edge of the spot (d1) and the d i stance to the back edge of the 

spot (d2) . The center d istance (de) is  calculated from the average of the 

two d i stances: 

d, + d2 
d = --e 2 
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This  second method of determin ing the d istance traveled by the spot may be 

more accurate, but it requ i res more time to process the i nformation.  

D istances for each spot within a lane are tabu lated i n  the written 

documentation .  

8) Calcu late t h e  R,  value f o r  each spot on t h e  TLC p l ate 

Once the d i stances are tabu lated,  the d istance to the solvent front i s  

measured,  ds. T h e  Rf value i s  calculated a s  fol lows: 

where de i s  the d istance that the spot traveled from the origin (see step 7 

above) , and ds i s  the d i stance traveled by the solvent front (see step 1 above). 

9) Compare the u n known sample to the reference materials that were 

chromatographed on the same TLC plate 

Examine the chromatographic patterns of each u n known and reference 

material . Compare the R, values of each material . The R, values shou ld match 

with in about 3 %  for a positive identification . Next, look at the color and 

intensity of each separation zone for both the unknown and the ref-

erence chromatograms. The f inal identif ication should take into consider

ation the Rf value ,  color, and i ntensity of each separation  zone. It i s  

possible that the unknown sample may be a m i xture of components .  If 

this i s  the case, each separation zone must be careful ly assigned to a 

component of the m ixture .  

1 0) Document the T L C  plate 

Fol lowing the visual examination of the TLC plate, written documentation 

i s  recorded fol lowing Protocol E. The plate is then photographed under 

normal or u ltraviolet l ight (see Protocols F and G).  





Sum mary 

Scope 

Protoco l J 

Acid Hydrolysis in a Pierce Vial Reaction Chamber 

Acid hydrolysis of carbohydrate samples in  preparation for TLC 

Equipment: N itrogen gas 

95 °C oven 

Vacuum pump 

Pierce glass vials (25 mil  

Min iert valves 

S i l icone rubber septa 

22 -gauge needle 

Time: 30 minutes for preparation 

5 hours for acid hydrolysis of carbohydrates 

Some natural polymers (prote ins ,  gums) need to be chemically broken down 

to i nd ividual  components (amino acids ,  s imple sugars) in  preparation for th in

layer chromatography. For i n stance, proteins  and carbohydrates requ i re an acid 

hyd rolysis step before the samples can be identified by means of TLC, as described 

in Protocols A and B. This protocol outl ines an inexpens ive alternative to 

the conventional acid hydrolysis that uses the relatively expensive Reacti -Therm 

equipment man ufactured by Pierce. 

The proced ures described in this protocol can be used to prepare carbohydrate 

samples for TLC.  Protocol K describes a vapor phase acid hydrolysis for the prepa

ration of prote ins  for TLC.  

The preparative steps for  acid hydrolysis i nvolve i nspecting the Pierce v ia l  reaction 

cham ber and Mi niert valve, checking the vacuum system ,  and add i ng acid to 

the sample vials .  To provide a saturated acid atmosphere, a smal l  volume of 

hydrochloric acid is also placed in the bottom of the vessel .  After the sample vials 

are inserted into the Pierce via l ,  the Pierce vial i s  evacuated and flushed with 

n itrogen gas to remove the atmospheric oxygen that would oxidize the samples.  

The sealed and evacuated Pierce vial contain ing the binding media sam ples i s  then 

heated i n  a 90-95 °C oven unti l  the acid hydrolysis i s  complete . At th is  time,  the 

hydrolysates can be spotted on a TLC plate or refrigerated for later use. 
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Scheme 

Acid Hydrolysis in a Vacuum Desiccator 

Supporting Operation 

Inspect Pierce vial and 
Miniert valve 

I Check vacuum system > 
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Sample retrieval 
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1 .  Equi pment and Suppl ies 

The fol lowing equ ipment i s  needed for the preparation of acid hydrolysates of 

carbohydrate samples:  

1 )  P ierce glass vials ,  2 5  m l  (no. 1 3074) 

2)  P ierce Min ie rt valves (no .  1 01 30) 

3 )  P ierce s i l icone rubber septa (no.  1 0 1 53)  

4)  1 -m l  sample vials 

5) Vacuum pump 

6)  N itrogen gas 

7) Oven heated to 90-95 °C 

8) Smal l  glass beaker 

9) O .3N HCI  

1 0) Syringe (1 ml)  and hypodermic needle 

1 1  ) 22-gauge needle 

2. Samp les 

The samples are weighed into 1 -m l  glass vials. Alternatively, tal ler vials with 

a smal ler d iameter ( P ierce) can be used ; this enables more samples to be 

packed into the reaction chamber. Although the vials should be capped 

after weigh ing to prevent sample loss or contamination, the caps m ust be 

removed once again for the acid hyd rolysis proced u re.  

3 .  Preparation Procedures 

Before the carbohyd rate samples can undergo acid hydrolys i s ,  the vacuu m  desic

cator and oven must be prepared.  

1 )  Inspect the Pierce vials and the M i n i ert valves 

The 25-ml  glass vials from Pierce topped w ith the special Min iert valves are 

used as reaction chambers for the acid hydrolysis procedu re and m ust be 

careful ly inspected for flaws. The Teflon interior seal of the valve cap should 

be intact, the center bore should be cleared of any p lastiC b its  left over from 

the mach in ing process, and a new s i l icone ru bber septum must be used for 

each hydro lys is .  The threads of the glass v ial should be smooth and have no 

cracks or  losses. When the valve i s  in the "open" position (green tab is 

pressed i n ) ,  a fine wire should be able to pass easi ly through the center bore . 

2) Check the vacuum 

Connect the reaction chamber (P ierce v ia l  with Miniert valve cap) to the 

vacu u m  l ine .  Determine the optimal vacuu m  for the pumping system by 

noting the lowest vac u u m  that can be ach ieved when the Miniert valve is i n  

the " closed" position (red tab i s  pressed i n ) .  Then open the valve to the 

"open" position and insert the 22-gauge needle into the bore of the valve. 

Adjust the tubing position or the position of the needle unt i l  the vacuu m  

reaches the target value obtained for a closed system.  This w i l l  be the des i red 

vacuu m  and configuration when the reaction chamber i s  fi l led with the 
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samples .  Leave the needle i nserted i nto the bore of the Min iert valves, as the 

si l icone rubber septu m should optimal ly be pierced only once. 

3 )  Prepare the oven for hydrolysis 

The oven is stabi l ized at 90-95 °C for the acid hyd rolysis procedu re .  To 

ensure even heati ng, the oven shelf i s  cleared of other materials .  The reaction 

chamber wi l l  be posit ioned in  the center of the oven .  

4.  Acid H ydro lysis Procedures 

The acid hydrolysis of carbohyd rate samples involves the addition of acid to 

the sample vials ,  the placement of a smal l  volume of acid in  the bottom of the 

P ierce vial reaction chamber, and three cycles of evacuating and flush ing 

with  n itrogen to  remove res idual oxyge n .  The evacuated reaction chamber i s  then 

heated in  the oven for the n u m ber of hours appropriate for the samples ( i . e . ,  

5 hours for carbohydrates ,  Protocol 8) .  
1 )  Add acid to  the  sam ple vials 

U ncap the preweighed sample vials and carefu l ly add 400 J.l 1 of O.3N HCI  to 

each sample v ia l ,  us ing a syringe ( 1  m l )  and needle.  

2)  Place acid in the bottom of the Pierce vial 

Place 0 .5  m l  of 0.3N HCI in  the bottom of the P ierce vial .  This solution wi l l  

provide a satu rated acid vapor environment d u ring hydrolysis ,  and min i 

m ize the evaporation of acid from the sample vials.  

3 )  Place samples i n  the Pierce vial 

Carefu l ly insert the sam ple vials into the Pierce vial reaction chamber with 

clean forceps. Cap the P ierce vial with the Min iert valve l id and tighten 

it f irmly. (The needle should stil l be i n serted in the center bore of the Min iert 

valve, from step 2 of the Preparation Proced ures above.) For increased 

stabi l ity of the samples when the Pierce vial i s  hand led or placed in the oven 

for hydrolys i s ,  it i s  a good precaution to place the reaction chamber i nto 

a smal l  beaker. 

4) Remove residual oxygen from the Pierce vial 

Slide the vacuum tub ing onto the 22-gauge need le  wh i le the l ine i s  being 

flushed with n itrogen gas. Evacuate the Pierce vial unt i l  it reaches the target 

vacuum noted during the preparatory steps,  and then f lush the vial with 

n itrogen gas . 

5) Repeat evacuation and n itrogen f lush i ng cycle 

To remove res idual  oxyge n ,  repeat the evacuation and n itrogen f lush ing cycle 

a total of three times. After the final evacuat ion,  close off the reaction 

chamber whi le the vacuu m  pump i s  sti l l  pumping on the syste m .  Quickly and 

carefu l ly withd raw the needle from the bore of the valve, and immediately 

close the Min iert valve. Turn off the pump and d i sconnect the vacuum tubing 

from the reaction chamber. 

6) Hydrolys is  

The evacuated Pierce v ia l  reaction chamber can now be placed i n  the 

preheated oven for  the d uration of the hyd rolysis ( i .e . ,  5 hours for  the acid 

hydrolysis of carbohydrates, Protocol 8) .  
7) Sample  retrieval 

When the evacuated Pierce vial has been in the oven for the prescribed 
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length of time,  it can be removed w ith oven mitts and set aside a few 

m i n utes to coo l .  
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After the Min iert valve is carefu l ly  u nscrewed and removed from the Pierce 

v ia l ,  the sam ples shou ld  be capped as soon as they are cool enough to 

handle.  

Before analysis, evaporate the sam ple to d ryness under a stream of n itroge n .  

T h e  sample can b e  heated in  a sand bath or a heating un it t o  60 °C to 

faci l i tate the process. Reconstitute the sample with methanol (usual ly 400 fJ l ) .  

Store the  samples i n  the refrigerator unt i l  u sed . 

8) Cleanup 

Dispose of the acid  i n  the bottom of the P ierce vial by pipetting i t  i nto a large 

volume of water (2: 1 00 ml ) .  Dispose of the d i l ute acid by pour ing it down 

the s ink under runn ing water. Remove the s i l icone ru bber septum from 

the Min iert valve and rinse the valve and vial in deionized water to remove 

traces of aci d .  





Sum mary 

Scope 

Protoco l K 

Vapor Phase Acid Hydrolysis in a Pierce Vial 

Reaction Chamber 

Vapor phase acid hydrolysis of protein samples in preparation for TLC 

Equipment: N itrogen gas 

1 1 8-1 2 0  °C oven 

Vacuum pump 

Pierce glass vials (25 ml)  

Min iert valves 

S i l icone rubber septa 

22 -gauge needle 

Time: 30 minutes for preparation 

24 hours for vapor phase acid hydrolysis of proteins 

Some natural polymers (prote ins ,  gums) need to be chemically broken down 

i nto ind ividual components (amino acids ,  s imple sugars) i n  preparation for th in

layer chromatography. For  i nstance, prote ins  and carbohyd rates requ i re an 

acid hyd rolys is  step before the samples can be identified by means of  TLC,  as 

described in Protocols A and B .  This  protocol outl i nes an i nexpensive alternative 

to the conventional vapor phase hydrolysis that uses the relatively expensive 

Reacti-Therm equipment manufactured by P ierce. 

The procedures described in this protocol can be used to prepare protei n  samples 

for TLC. Protocol J describes an acid hydrolysis ( l iqu id  phase) for the prep

aration of carbohyd rates for TLC.  

The preparative steps for  vapor phase ac id hydrolysis i nvolve i nspecti ng the P ierce 

vial reaction chamber and Min iert valve, checking the vacuum system ,  and 

adding acid to the sample vials .  After the sample vials are inserted into the Pierce 

vial , the Pierce vial is evacuated and f lushed with n itrogen gas to remove the 

atmospheric  oxygen that would oxid ize the samples.  The sealed and evacuated 

P ierce vial contai n ing  the bind i n g  media samples i s  then heated in a 90-95 °C 

oven unt i l  the vapor phase hydrolysis is complete. At th is  t ime,  the hydrolysates 

can be spotted on a TLC plate or refrigerated for later use .  



1 60 Striegel . H i l l  

Scheme 

Vapor Phase Acid Hydrolysis in a Vacuum Desiccator 

Supporting Operation 

Inspect Pierce vial and 
Miniert valve 

Check vacuum system 

I LP_r_e_pa_r_e_o_v_e_n ________ �:> 

Main Operation 

Add acid to Pierce vial 

Sample retrieval 
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1 .  Equipment and Supp l ies 

The fol lowing equ ipment is needed for the preparation of acid hydrolysates of 

protei n  samples :  

1 )  P ierce glass vials ,  25 m l  (no .  1 3074) 

2)  P ierce M i n iert valves (no.  1 01 30) 

3 )  Pierce s i l i cone rubber septa (no.  1 01 53)  

4)  1 -m l  glass vials 

5) Vacu u m  pump 

6)  N itrogen gas 

7) Oven heated to 1 1 8-1 20 °C 

8) Smal l  glass beaker 

9) O .3N HCI 

1 0) Syri nge (1 ml)  and hypodermic needle 

1 1  ) 22 -gauge need le 

2. Samples 

The sam ples are weighed i nto 1 -m l  glass vials .  Alternatively, tal ler vials with 

a smal ler d iameter (P ierce) can be used ; th is  enables more samples to be packed 

i nto the reaction chamber. Although the vials should be capped after weighing 

to prevent sam ple loss or contami natio n ,  the caps must once again be 

removed for the vapor phase hydrolysis proced u re .  

3. Preparation Procedu res 

Before the protei n  samples can undergo vapor phase hyd rolys is ,  the vacuu m  

desiccator and oven m ust b e  prepared.  

1 )  Inspect the Pierce vials and the M i n iert valves 

The 25-ml  glass vials from Pierce topped with the special M in iert valves are 

used as reaction chambers for the vapor phase hyd rolysis proced u re and must 

be carefu l ly i nspected for f laws. The Teflon i nterior seal of the valve cap 

should be intact, the center bore should be cleared of any plastic bits left over 

from the mach in ing  process, and a new s i l icone rubber septum must be 

used for each hydro lys is .  The threads of the glass vial should be smooth and 

have no cracks or  losses. When the valve is in  the "open" posit ion (green tab 

i s  pressed i n ) ,  a fine wire should be able to pass easily through the center 

bore. 

2)  Checking the vacu um 

Connect the reaction chamber (P ierce vial  with Min iert valve cap) to the 

vacuu m  l i ne .  Determine the optimal or target vacuum for  the pumping 

system by noting the lowest vacuu m  that can be ach ieved when the Min iert 

valve is i n  the "closed " position (red tab is pressed in ) .  Then open the valve 

to the "open" posit ion and i nsert the 22 -gauge needle i nto the bore of the 

valve. Adj ust the tub ing posit ion or the posit ion of the needle unt i l  the 

vacuu m  reaches the target value obtained for a closed system .  Th is  wi l l  be 

the des ired vacuum and configuration when the reaction chamber is fi l led 
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with the samples.  Leave the needle inserted into the center bore of the 

Min iert valve, as the septum should optimally be pierced only once. 

3 )  Prepare the oven for hydrolysis 

The oven i s  stabi l ized at 1 1 8-1 20 °C for the vapor phase hydrolysis 

proced u re .  To ensure even heating,  the oven shelf i s  cleared of other mate

r ials .  The reaction chamber wi l l  be positioned in the center of the oven . 

(Note: The oven should be kept at less than 122 °C because the stoppers on 

the Miniert valves melt at higher temperatures.) 

4. Vapor Phase Hydrolysis Procedu res 

The vapor phase hydrolysis of protein  samples involves the placement of a smal l  

volume of acid  i n  the bottom of the P ierce vial reaction chamber and three 

cycles of evacuating and flush ing with n itrogen to remove res idual  oxyge n .  (Note: 

Acid is not added to the sample vials.) The evacuated reaction chamber is 

then heated in the oven for the num ber of hours appropriate for the samples 

( i . e . ,  24 hours for prote ins ,  Protocol A).  

1 )  Place acid i n  the bottom of the Pierce vial 

Place 500 IJ I  of 6N HCI i n  the bottom of the P ierce vial . This  solution wi l l  

provide a saturated ac id  vapor environment dur ing hydrolys i s ,  and m i n i m ize 

the evaporation of acid from the sample vials .  

2 )  Place samples i n  the Pi erce vial  

Uncap the preweighed sample vials and insert them careful ly i nto the 

P ierce vial reaction chamber with clean forceps .  Cap the P ierce vial with the 

M i n ie rt valve l i d ,  and t ighten it f irmly. (The needle should sti l l  be i n serted into 

the center bore of the valve, from step 2 of the Preparation Procedu res 

above.) For increased stabi l ity of the samples when the P ierce vial i s  hand led 

or placed i n  the oven for hyd rolys i s ,  it i s  a good precaution to place the 

reaction chamber i nto a smal l  beaker. 

3) Remove residual oxygen from the P ierce vial 

Sl ide the vacuu m  tubing onto the 22-gauge needle whi le the l ine i s  being 

f lushed with n itrogen gas . Evacuate the P ierce vial unti l  it reaches the 

target vacu u m  noted d ur ing the preparatory steps,  and then f lush the v ial 

with n itrogen gas . 

4) Repeat evacuation and nitrogen f lushing cycle 

To remove residual  oxygen ,  repeat the evacuation and n itrogen f lush ing cycle 

a total of three t imes.  After the final evacuation ,  close off the reaction 

chamber wh i le the vacuu m  pump i s  sti l l  p u m ping on the system .  Qu ickly and 

carefu l ly withdraw the need le from the bore of the valve,  and i mmed iately 

close the Min iert valve. Turn off the pump and d i sconnect the vacuum tubing 

from the reaction chamber. 

5) Hydrolys is  

The evacuated Pierce v ia l  reaction chamber can now be placed in  the 

preheated oven for the d u ration of the hydrolys is  ( i . e . ,  24 hours for the acid 

hydrolysis of prote ins ,  Protocol A) .  
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6) Sample retrieval 

When the evacuated P ierce v ial has been in the oven for the prescri bed 

length of t ime,  it can be removed with oven mitts and set aside a few 

min utes to coo l .  
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After the Min iert valve is careful ly unscrewed and removed from the Pierce 

v ia l ,  add 400 �I of 0 . 1  N Hel  to each hydrolyzed sample.  The samples shou ld  

be capped as soon as  they are cool enough to handle .  Store the samples i n  

the  refrigerator unti l  they can be  analyzed . 

7) C lean u p  

Dispose of  the  acid i n  the  bottom of the  P ierce v ial by  pipetting it i nto a large 

volume of water (� 1 00 m l ) .  D i spose of the d i l ute acid by pouring it down 

the sink under runn ing water. Remove the s i l i cone ru bber septum from 

the Min iert valve and r inse the valve and the vial in de ion ized water to 

remove traces of acid . 





Sum mary 

Scope 

Protoco l L 

Semiq uantitative Computer Analysis of a TLC Plate 

Guidel ines for the analysis of a TLC plate using Macintosh computer software 

Equipment and suppl ies:  Macintosh Si  computer with version 7 .0 operating system or 

greater (as much RAM as poss ib le) 

Handheld or flatbed scanner, or other means to digitize 

the TLC plate 

N I H  I mage v. 1 .53 (publ ic domain software) 

Spreadsheet software (such as Excel) 

Computer-aided evaluation of the TLC plate takes advantage of rapid ly evolv ing 

technology. F i rst, an image of the TLC plate i s  d i gitized . Next, the image i s  

opened in  N I H  I mage software, a publ ic domain program.  Each lane of the TLC 

plate i s  scanned , and the p ixel density of each lane i s  plotted with a ge l  plotting 

macro that comes with the software. The d istance from the or ig in  and the 

area of each peak i s  measured . The data are then assembled in a spreadsheet 

program.  F u rther research is in progress to i nvestigate uses of statistical 

software for pattern recogn ition and pattern match ing of chromatograms.  Th is  

type of analysis i s  based on the Macintosh computer platform,  and i s  i ntermed iate 

i n  cost between manual/graph ical methods of eval uation (see Protocol I) and 

conventional densitometry. 
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Procedures 

1 )  D igitize an image of the TLe plate 

The image can be digitized in one of several ways. One way is to photo

graph the plate on s l ide or negative fi l m ,  and have a photo CD made at the 

time of development of the fi l m .  Alternatively, if the chromatogram has 

resu lted in colored spots, the plate can be scanned us ing a handheld 

scanner or a flatbed scanner. If the image is scanned, it is recommended that 

it be scanned at 72 dpi. This creates a reasonably sized file that is easy to 

work with in the Image program. 

2)  Open the TLe plate image i n  N I H  Image software 

F i rst, set the mon itor to 256 colors option (go to the control panels under  

the Apple  men u ,  open mon itors , and select 256 colors). Next ,  fi nd  and open 

the N I H  I mage v. 1 .53 software. Under the File menu ,  select the Open 

command and choose the image f i le to be analyzed . The image wil l  appear 

i n  a new window on the screen .  

3 )  Rotate the TLe image 

The image is rotated 90° (usual ly to the right) so that the origin of the 

plate is on the left side of the screen and the lanes are horizontal across the 

screen . U nder the Edit menu choose Rotate Right command .  

4 )  Open the Gel Plotting Macro 

A series of operations ,  called a macro, have been preprogrammed specif

ically for the analysis of the electrophoresis gels and can be used for 

the analysis of a TLC plate. The Gel P lotting Macro i s  located in  a Macro 

folder ins ide the N I H  I mage folder. To use the macro, it must be 

opened . U nder the Special menu ,  choose Load Macro . . .  command. A 

wi ndow opens which shows the fi les that can be opened . Go to the Macros 

folder, and open the Gel Plotting Macro (the new one,  not the old one) .  

5) Mark the fi rst lane 

The mouse wi l l  turn to a select tool .  Width and length of selected area are 

determined by mark ing the fi rst lane. Draw a box from the origin to the 

solvent front that i s  the width of the fi rst lane. To do th is ,  place the select 

tool on the upper left corner of the fi rst lane.  Press down on the mouse 

button as you d rag a rectangle over the lane. The width of the selected area 

can be adjusted only at the begi n n i n g  of the analysis,  so make sure that 

the width of th is  select box wi l l  be able to fit all of the lanes.  Once you are 

satisfied with the selected area, go to the Special menu and select the 

Mark F i rst Lane [1] command . A sol id box wi l l  appear around the selected 

lane. A new window wi l l  appear contain ing  the TLC image and the 

n u m ber 1 wil l  appear next to the selected lane. 

6) Mark each of the next lanes 

Us ing the mouse, move the selected area down over the next lane. To do 

this, place the mouse in  the selected area (the cursor w i l l  change from a cross 

hair to an arrow) and hold down the button of the mouse as you d rag it to 

the next lane.  Once you have the selected area posit ioned over the next lane, 

go to the Special menu and select the Mark Next Lane [2] com mand.  

Again ,  a sol id box wi l l  appear around the selected lane. Repeat this  step 

unt i l  all of the lanes have been selected . 
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7) Plot l anes 

Next, a T I F F  fi le i s  generated that wil l  contain a density plot for each selected 

lane. To generate this  f i le,  go to the Special menu and select the Plot 

Lanes [3] com mand.  I n  a new window, a series of density plots wi l l  appear 

on a page. At this point ,  it i s  wise to save the plots. U nder the F i l e  

menu ,  select the  Save com mand . Name the  f i l e  and  c l i ck  on the  OK butto n .  

To calcu late t h e  Rf value ,  t h e  d i stance traveled b y  t h e  spot or spots and 

the d i stance traveled by the solvent front are needed . These values can be 

easi ly  and q u ickly measured us ing N I H  I mage. Once the d i stances have been 

measured,  the results can be exported to a spreadsheet for further analys i s .  

8)  Select the perimeter/length measurement function of  the Image program 

U nder the Analyze men u ,  select the Options submenu .  Select the Perimeter/ 

length measurement and deselect the Area measurement. 

9) Measure d i stance from origin to solvent front 

Choose the line select tool (which looks l i ke a d iagonal dotted l ine with a 

triangle underneath) .  Place the cross hair at the origin of the dens ity plot, 

hold down the sh ift key, and d rag it to the solvent front. Next, go under the 

Analyze menu and choose the Measure functi o n .  Note that the values 

window should show the count and the resu lt of the measurement. 

1 0) Measure d istance from orig in  to peak maximum for peaks in each l ane 

Measure the d istance traveled by the first peak by p laci ng the cross hair on 

one end of  the select l ine  (the cross hair  wi l l  turn i nto an arrow) , ho ld  

down the sh ift key, and drag the select l ine  down the page to the maximum 

point of  the  first peak .  Go to  the  Analyze menu and  choose the  Measure 

function . The count should change i n  the values window. Continue to take 

measurements for all peaks . Care should be taken to note the order with 

which the peaks are measured.  

Next, go to the Analyze menu and choose the Show Resu lts com mand.  A 

new window wi l l  appear that ind icates the measurement count i n  the 

fi rst column and the length in the second colu m n .  Pri nt resu lts by selecting 

Print Measurements command under the F i l e  menu .  These resu lts can 

be exported to a spreadsheet or saved from N I H  I mage . 

1 1 ) Calculate the Rf val ue for each spot on the TLC p l ate 

Once the d i stances are tabu lated,  the Rf value is calcu lated as follows:where 

de is the d i stance that the spot traveled from the origin (see step 1 0  above) 

and ds i s  the d istance traveled by the solvent front (see step 9 above) . 

The Rf value can be easily calculated i n  the spreadsheet program Excel . 

1 2 ) Compare the u n known sample  to the reference materials that were chro

matographed on the same TLC plate 

Exam i n e  the chromatographic patterns of each u nknown and reference 

material . Compare the Rf values of each materia l .  The Rf values should match 

with i n  about 3 % for a positive identification .  Next, look at the color and 

i ntensity of each separation zone for both the u nknown and the reference 

chromatograms.  The f inal  identification should take into consideration 

the Rf value ,  color, and intensity of each separation zone.  I t  i s  possible that 

the u nknown sam ple may be a m i xture of components. I f  this is the 

case,  each separation zone must be carefu l ly assigned to a component 
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of the m ixture. N I H  I mage can also be used to calcu late the peak area for 

each peak in the chromatogram.  A basel ine  i s  d rawn by the operator for each 

peak . The basel ine  for unresolved peaks must be estimated . The wand tool is 

then used to select the peak . Th is  method is sti l l  in  developmental stages. 

The fol lowing steps may be i mproved in  the future. 

1 3) Select the Peri meter/length measurement function of the Image program 

U nder the Analyze menu ,  select the Options submenu.  Select the 

Perimeter/length measurement and deselect the Area measurement. 

1 4) Draw a base l ine  for each peak 

Select the line tool .  Draw a basel ine  for any peak that does not touch the 

exist ing base l ine .  To do so,  place the cross hair on the left side of the 

peak and hold down the mouse button whi le  drawing the l ine to the right 

side of the peak.  Repeat this step until al l  peaks have a base l ine .  

1 5) Measure area for  each peak 

Select the magic wand tool from the tools wi ndow ( it  looks l ike a wand 

and i s  the n i nth tool in the first column) .  Place the wand end of the tool i n  

the center of the peak and cl ick once on the mouse. A runn ing stripe 

wi l l  surround the selected area, and the measured area will appear in the 

values window. 

In addition to tabu lating the areas, the value of the area can be placed 

on the plot by selecting the type tool (a big A) and p lacing it in the image . 

Choose where you want the value on the plot, then hold the option key 

and click once on the mouse button .  The last measured value will automati

cally be placed on the plot. 

Again , care should be taken to keep track of the order in which the peaks 

are measured.  The measurements are viewed by selecting Show Resu lts from 

the Analyze window. Print results by selecting Print Measurements 

command under the F i le  menu.  These resu lts can be exported to a spread

sheet or saved i n  N I H  I mage. 



accuracy 

activation 

activity grades 

adsorbate 

adsorbent 

adsorption 

adsorption chromatography 

alumina 

analyte 

argentation TLe 

ascending chromatography 

band 

bed 

binder 

binding medium 

bonded phase 

capacity factor (k) 

cel l u lose 

Glossary 

agreement between an experi mental result (a s i ngle measurement or the mean of several 

repl icate measurements) and the true or theoretical value 

process of heating an adsorbent layer to d rive off moisture; the sorbent is converted to its 

most retentive and receptive state 

standard grading system (Brockmann activity grades) for the activity (adsorptivity) of 

a lumina base u pon deactivation with water; G rade I is anhyd rous al umina and has the h igh

est activity; G rades I I ,  I I I ,  IV, and V contain 3 %, 6%, 1 0 % ,  and 1 5 %  (by weight) 

water, respectively 

an adsorbed su bstance 

a substance (usual ly sol id) that adsorbs another substance 

phenomenon of surface adhesion (as opposed to absorption);  adhesion in  an extremely th in 

layer of molecu les to the su rfaces of sol id bodies or l iqu ids  with which they are i n  contact 

process whereby the components of a sample are separated by interaction between 

adsorptive forces of a medium (stationary phase) and a solvent (mobi le phase) 

solute that is to be identified or, more often ,  quantitatively determined by TLC 

or other method 

TLC em ploying silver nitrate impregnated in the layer material, usually s i l ica gel; this im preg

nation changes the separation characteristics of the si l ica gel 

chromatography in  which the mobi le phase moves upward in the medium 

chromatographic zone;  region where the separated substance is concentrated 

col umn or layer of porous material of the stationary phase, the interstices being fi l led with 

the mobi le phase 

any chemical added to a sorbent to i m prove the stability or hardness of the layer 

natural or synthetic material used in paints to hold pigment particles together and adhere 

the pigmented layer to the painting substrate 

stationary phase chemically bonded to (as opposed to mechanically deposited on) a 

support material 

a measure of sample retention by a layer: 

mass of solute/unit of stationary phase 

k = 
mass of solute/unit of mobile phase 

common medium for separation on a TLC plate 
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chamber 

chromatogram 

chromatographic solvent 

ch romatographic system 

chromatography 

chromatoplate 

continuous development 

deactivation 

demixing 

densitometry 

derivatization 

descending chromatography 

destructive detection 

detection 

developing solvent 

development 

efficiency 

eluent 

e luotropic series 

eluting power 

el ution 

equiel uotropic 

flatbed chromatography 

fluorogenic 

Glossary 

tank ,  jar, or vessel in which chromatographic separation takes place 

a series of separated bands of zones in the stationary phase; the end product of the chroma

tography process 

solvent or m ixture of solvents used as the mobi le phase 

combi nation of the solvent, the sorbent, and components of the sample mixture; the i nter

actions between the components of the system determ ine the selectivity of the separation 

a method of analysis i n  which the flow of a mobile phase (gas or  l iqu id) promotes the 

separation of su bstances by differential migration from a narrow i n itial zone, i n  a 

sorptive med i u m  

a thin- layer plate; a layer o f  sorbent coated on a solid support such a s  glass, a lumi

num, or  plastic 

development occu rri ng over a distance that is usual ly greater than one plate length ; devel

opment is expressed as a function of time rather than d istance 

process of making the chromatographic layer less active to decrease its separation capabil i

t ies;  occurs in  the presence of water (see activation) 

process where a m ixed solvent system separates into phases, such as water separating from 

acetonitri le in an aceton itri le : water (80:20) solution ;  wi l l  result in secondary fronts 

on the TLC plate 

measurement of a zone on a layer with an i nstru ment that determines the optical density of 

the zone; this enables the determination of the quantity of a spot 

reaction of solutes before chromatography (or d i rectly on the layer) for the purpose of faci l i 

tating separation or detection 

chromatography in which the mobi le phase moves downward on the plate 

detection process that changes the chemical nature of the su bstance being detected in an 

i rreversible manner ( i . e . ,  su lfuric acid charring) 

a way of seeing and quantify ing zones; process of locating a separated substance on a chro

matogram, whether by physical methods, chemical methods, or  biological methods 

mobile phase 

flow of mobile phase through the chromatogram to cause separation of the components 

of the sam ple 

quality of the separation; an efficient layer produces compact zones; more specifically, the 

efficiency of a separation is ind icated by the narrowness of a zone (or a TLC spot) com pared 

to its d istance of m igration 

solvent that removes adsorbed material from an adsorbent 

series of solvents or  solvent m i xtures arranged in  order of eluting power 

measure of the abi l ity of the solvent to transport a solute through a chromato

graphic system 

removal of a solute from a sorbent by washing with a su itable solvent 

solvents with equal el uting power 

planar chromatography; th i n - layer chromatography is a form of planar chromatography 

reagent or reaction causing a sol ute to become fluorescent 



front 

grad ient el ution 

hard layer 

homologue 

HPLC 

hRf 

hydrophi l ic  

hydrophobic 

impregnation 

i n  situ 

ion exchange 

isocratic 

l igand 

l ipop h i l ic 

mass transfer 

m icrogram (Ilg) 

migration 

mobile phase 

mu ltiple-development ch romatography 

nanogram (ng) 

nondestructive detection 

normal phase TLC 

origin 

partition chromatography 

partition coefficient or ratio (Kd) 

planar chromatography 

Glossary 

visible bou ndary at the j unction of the mobile- phase wetted layer and the "dry" layer 

development us ing a solvent system that is changed in a continuous or  stepwise mode to 

effect separation;  normally done to increase the strength of the eluent 

abrasion - resistant sorbent layer bound to the backing by an organic polymer 

1 7 1  

member o f  a homologous series ( i . e . ,  a series in  which each successive member contai ns an 

additional -CH2- group);  methanol,  ethanol , and propanol are homologous alcohols 

h igh-performance l iquid chromatography 

1 00 x R, 

su bstances that are soluble in  water or  other polar solutions 

substances that are soluble i n  nonpolar solvents and i nsoluble in  water 

loading of the sorbent with a l iqu id or a sol id to change the chromatographic behavior of the 

layer; an exam ple is NaN03 i m pregnated si l ica gel 

occurring in place (e. g . ,  on the thin layer) 

a com petitive process whereby ions of the same charge replace each other in  a given phase 

a nongradient chromatographic system;  no change in  solvent strength 

a group,  ion,  or  molecule coordi nated to a central atom in a complex 

having an affinity for l ipids; hydrophobic (nonpolar) 

movement of a solute between the stationary and mobi le phases 

1 x 1 0-6 g or 1 000 ng 

travel of sample i n  the medium in  the d i rection of the mobi le- phase flow 

moving phase ( l iquid or  gas) of a chromatographic system 

ch romatography repeated a n u m ber of times u sing the same or different mobi le phases 

1 x 1 0-9 g or 0.001 Ilg 

detection of a substance on a chromatogram by a process that wi l l  not permanently change 

the chem ical nature of the su bstance being detected; visual ization with UV l ight or 

with iodine vapor are examples of nondestructive methods 

adsorption or partition TLC i n  which the stationary phase is more polar than 

the mobi le phase 

i n itial position of the appl ied sample on the chromatographic plate 

process in which sam ple is partitioned between two i mm iscible l iqu id phases (as in  TLC), or 

between a gas and a l iqUid (as in  gas chromatography); separation occurs because one 

phase is stationary while the other is mobi le 

ratio of concentration of solute after partition between two i mm iscible phases: 

where C, and Cm are the concentrations in the stationary and mobi le phases, respectively 

common term for th in- layer or  paper chromatography; also known as flatbed 

chromatography 

polar polarity indicates partial positive and partial negative charges on different parts 

of the molecule 
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polar mobile phase 

polar stationary phase 

precision 

preparative layer chromatography (PLC) 

rad ial (ci rcular) development 

resolution 

reversed phase 

Rf value 

sandwich chamber 

saturation 

secondary front 

selectivity 

sensitivity 

separation zone 

s i lica gel 

soft layer 

solvent 

solvent front 

sorbent 

sorption 

spot 

stationary phase 

stepwise elution 

streak 

support 

Glossary 

mobi le phase consist ing of polar molecules (e .g . ,  water or ethyl acetate) 

stationary phase consist ing of polar molecu les ( i . e . ,  s i l ica gel) 

measure of the agreement of repl icate analyses; not a measure of accu racy 

used for the separation of larger amou nts of su bstance than are normally separated with 

analytical TLC; normally a thicker layer (500-2000 11) or  sorbent is employed than in TLC 

development of a layer in such a manner as to form circular or  arc-shaped solute zones 

measure of the q ual ity of separation between two su bstances 

chromatography with a stationary phase that is less polar than the mobi le phase; usually 

appl ies to TLC with an aq ueous mobi le phase and a bonded nonpolar stationary phase 

the d istance from the origin to the center of the separated zone divided by the d istance from 

the origin to the solvent front: 

distance traveled by solute 
R f = -::-,-----:----:----;-,------'-:--:-::� distance traveled by solvent front 

developing chamber formed from the plate itself, a spacer, and another u ncoated cover 

plate that stands in  a trough containing the mobi le phase 

condition of a chamber that is l ined with paper and eq u i l ibrated with mobile-phase vapors 

before begi n n ing chromatographic development 

an add itional mobi le- phase front that occurs behind the primary solvent front due to the 

phenomenon of demix ing 

abi l ity of a chromatographic system to resolve the components of a mixtu re 

abi l ity to detect or measure a smal l  mass of analyte 

see zone 

s i l icic aCid; the most widely used sorbent for HC 

sorbent layer prepared without binder or with gypsum binder (see hard layer 

for comparison) 

l iqu id(s) used for mobi le phase; not identified a priori with mobile phase 

see front 

a generalized term for the chromatographic stationary phase; a general term for the sorbent 

layer on a TLC plate 

general term for the attraction between a sorbent layer on a HC plate and a solute, without 

specification of the type of physical mechanism involved ( i . e . ,  adsorptio n ,  partitio n ,  ion 

exchange, or  a combination of these) 

used synonymously with zone, but usual ly meant to ind icate a round or e l l iptical shape 

phase of the chromatographic system that remains stationary ( i . e . ,  the s i l ica gel of the s i l ica 

gel plate or a bonded phase, such as C 1 8) 

gradient elution in a stepwise mode 

see tai l i ng  

sheet of  glass, plastic, or  alum inum coated with the  TLC sorbent; gives physical 

strength to the layer 



tai l ing 

theoretical plate number (N) 

two-dimensional development 

unsaturated 

visualization 

zone 

Glossary 

comet-shaped spots; elongated spots that indicate incom plete separation;  this situation 

should be avoided 

measure of the efficiency of a chromatographic system 
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successive development of a chromatogram in d i rections orthogonal to each other, with a 

d ifferent mobi le phase used for each of the two developments; a plate is first developed in  

one mobi le  phase, then d ried, turned 90° , and developed i n  a second mobi le  phase 

conditions under which a plate is run in a cham ber without presaturation ;  u sual ly yields 

different results than with a presaturated chamber 

detection of the zones on a chromatogram 

area of distribution on the layer contain ing the i nd ividual solutes or  mixture before, d u ring,  

or after chromatography; the in itial zone is the applied sample pr ior  to development; 

band, zone, and spot are used more or less interchangeably, but spot usual ly denotes a 

round zone and band a flat, horizontally elongated zone 
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