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We applied TLC/FTIR coupled with a mapping technique to analyze a cholesterol/benzamide mixture. Narrow-band TLC plates
by using AgI as a stationary phase were used to separate benzamide and cholesterol. The distribution of cholesterol and benzamide
spots was manifested by 3D chromatogram. Benzamide and cholesterol can be successfully separated by the narrow-band TLC
plate. Moreover, characteristic bands of benzamide and cholesterol can be identified from their FTIR spectra. In addition, the FTIR
spectra of the separated benzamide and cholesterol spots on the narrow band TLC plate are roughly the same as the corresponding
reference IR spectra.

1. Introduction

Thin-layer chromatography (TLC) is one of the most ver-
satile and widely used separation methods. The concept of
TLC is simple, and samples usually require only minimal
pretreatment [1–3]. TLC continues to feature a broad range
of applications, such as analysis of pharmaceuticals, herbal
medicines and dietary supplements, biological and clinical
samples, foods and beverages, environmental pollutants, and
many other chemicals. Although TLC exhibits advantages in
the separation of mixtures, there is a limitation in identifying
separated unknown components. In most TLC experiments,
separated samples are identified by color, UV-Vis absorbance,
or fluorescence signals.However, it becomes difficult to detect
samples that have neither UV-Vis absorbance nor fluores-
cence signals. Spraying visualization reagents on TLC plate
is helpful sometimes. However, the utility of visualization
reagents for unknown TLC spot identification is somewhat
limited, since the selected visualization reagents may not be
suitable for every substance with a broad range of molecular
structures present in the sample. FTIR spectroscopy [4, 5]

is a universal tool that can identify various organic com-
pounds or metal complexes with organic ligands, even if
the separated substance lacks color, UV-Vis absorbance, or
fluorescence signals. Additionally, FTIR spectrum provides
abundant information relevant to functional groups of sepa-
rated substances. Moreover, it might be possible to recognize
unknown separated spots directly on TLC plate based on
their FTIR spectra. Nowadays, the progress on FTIR spec-
trometer instrumentation provides additional opportunity
for the development of TLC/FTIR technique. For example,
the development of FTIR spectrometer with a microscope
attachment makes it convenient to acquire FTIR spectra
even on each tiny separated sample spot on a TLC plate. In
addition, the advancement on mapping/imaging techniques
enables us to obtain FTIR spectra of every microregion on a
TLC plate automatically. Thus, it has become possible to per-
form TLC/FTIR analysis in a quick and convenient manner.

As a matter of fact, great efforts have been made to
develop TLC/IR technique for about 50 years. In the 1960s,
TLC/IR analysis was carried out via solvent elution transfer
approach [6, 7]. In this approach, suitable solvents were used
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to dissolve each separated sample spot so that the analytes
can be transferred out of the TLC plate. After removing
the solvent by vaporization, IR spectrum of the obtained
sample is recorded. The procedure is tedious and time-
consuming, and the analysis is under a risk of sample loss
and contamination. In 1975, Griffiths et al. [8–10] published
a pioneering work on the development of in situ TLC/IR
technique.This approach is quick, convenient, and free of the
risk of sample loss, since FTIR spectrum is directly obtained
from the separated sample spot on a TLC plate. Subsequently,
Griffiths et al. [9, 10], Zuber et al. [11], Lloyd et al. [12], and
White [13] adopted various spectral techniques to develop a
more practical in situTLC/IR technique.However, the biggest
problem of the in situ TLC/FTIR is that traditional TLC
stationary phases, such as silica and alumina, exhibit strong
background absorption that can bring about significant
interference to sample identification. To solve the problem,
Danielson et al. proposed to use zirconium oxide that has no
absorbance in mid-IR region as a new stationary phase for
TLC/FTIR analysis [14, 15]. However, considerable amount of
water was adsorbed on zirconium oxide and brought about
severe interference in the measurement of FTIR spectra.
Consequently, the problem of interference from stationary
phase is not adequately addressed. Further development of
the in situ TLC/FTIR technique has been mainly inhibited by
the problem of strong background absorbency of stationary
phase. As a matter of fact, there has been surprisingly few
papers [16, 17] relevant to TLC/FTIR published around the
world during the past decade.

To break the bottleneck of the TLC/FTIR method, we
proposed to use IR-transparent, insoluble inorganic salt par-
ticles as novel stationary phases for TLC/FTIR analysis. The
reason for this approach is that inorganic salt is transparent
for infrared light, thereby removing the interference caused
by IR absorption from stationary phase. The inorganic salt
should be insoluble so that the risk of stationary phase
being destroyed by mobile phase can be avoided. In addition,
significant efforts have been made to control the size of the
inorganic salt particles to be around 100 nm. The reasons
are as follows. (1) Decreasing the size of stationary phase
particles alleviates the effect of light scattering so that the
quality of the corresponding FTIR spectra can be improved.
(2) As the size of the particles of stationary phase decreases,
the efficiency of TLC separation is enhanced. (3) Decreasing
the size of the inorganic salt particle results in increasing
the specific area of the stationary phase. Thus, more analytic
molecules are allowed to be adsorbed on the surface of
the stationary phase. This advantage is helpful in alleviating
the overloading problem and improving the sensitivity of
detection of separated sample by using FTIR measurement.

Based on the above consideration, a systematic work on
the TLC/FTIR analysis using inorganic salts has been con-
ducted in our laboratory [18–20]. Our experiments showed
that bariumfluoride and silver iodide particlesmay be used as
new effective stationary phases for TLC/FTIR analysis. In fur-
ther experiment, we realized that the thorough removal of the
adsorbed water is very important for successful TLC/FTIR
analysis. Barium fluoride particles tend to retain significant
amount of adsorbed water, while it is much easier to remove

adsorbed water completely for silver iodide particles. Thus,
we focus on the TLC/FTIR studies by using AgI particles as
stationary phase.

In parallel, we have made considerable effort to develop
a new approach to prepare TLC plates. In the traditional
way of the preparation of TLC plate, polymeric adhesive is
utilized to bind stationary phase particles together. However,
polymeric adhesive has strong absorbance in IR region and
brings about significant interference in the FTIR detection.
To solve this problem, we develop an approach called “settle-
ment volatilization method” to prepare TLC plates without
polymeric adhesive.

Recently, we propose a new technique to prepare nar-
rowband TLC plates [21]. The advantages of the narrowband
TLC are as follows. (1)The preparation time is much reduced
in comparison with that of the previous preparation of a
TLC plate by using “settlement volatilization method.” (2)
The usage of stationary phase in narrowband TLC plates
decreases by about one order of magnitude in comparison
with that of traditional TLC plates. This is very important for
using expensive material (e.g., AgI particles) as a stationary
phase. (3) The sensitivity of detection of a separated sample
spot increases significantly by using narrowband TLC plates
because the area of the separated spots is significantly
reduced.

The application of TLC/FTIR techniques in our previ-
ous work was limited to simply separating and identifying
mixtures of pigments. We notice that analysis of colorless
mixture is one of the advantages of the TLC/FTIR approach.
In the present work, a narrowband TLC plate by using AgI
as stationary phase was utilized to analysis a mixture of
benzamide and cholesterol. In addition, FTIR microscope
with a mapping technique capability was used to reveal the
distribution of colorless cholesterol and benzamide band on
the narrowband TLC plate.

2. Experimental

2.1. Reagents. All reagents are of AR grade. Ethanol, chloro-
form, normal heptane, benzamide, cholesterol, hydrofluoric
acid, and silver nitrate were obtained from Beijing Chemical
Factory. Potassium iodide was a product of Sinopharm
Chemical Reagent Co., Ltd.

Silver iodide was synthesized by a reaction between silver
nitrate and potassium iodide. The experimental details of the
preparation of silver iodide particles can be found in our
previouswork [19].Thediameters of the silver iodide particles
are around 100 nm.

2.2. Apparatus. A Thermo-Fischer Nicolet iN10 MX FTIR
spectrometer equipped with an IR microscope was used in
the experiments.

2.3. Procedures

2.3.1. Preparation of Mixed Sample Solutions. 0.100 g benza-
mide was dissolved in 10.0mL ethanol to prepare a 1 wt%
benzamide solution. Similarly, 1% cholesterol solution was
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prepared by dissolving 0.100 g cholesterol in 10.0mL chloro-
form.

A mixed solution sample was prepared by mixing equal
volumes of 1% cholesterol solution and 1% benzamide solu-
tion.

2.4. Narrowband TLC Analysis. We prepared narrowband
TLC plate to conduct the experiment. The preparation pro-
cess of the narrowband TLC plates is described in detail in
our previous work [21].

The sample solution was manually spotted at one end of
narrowband TLC plate by using a 0.3mm glass capillary in
diameter. After evaporation of the solvent, the narrowband
TLC plate was developed by using an ethanol/heptane mix-
ture as amobile phase (the volume ratio between heptane and
ethanol is 9 : 1). The typical development time was about 20–
30 minutes.

2.5. In Situ TLC-FTIR Detection. Narrowband TLC plate
after separation was dried at 100∘C in a vacuum oven
to remove residual mobile phase. Then, TLC plates were
examined directly by using the FTIR microscope. To reveal
the distribution of the cholesterol and benzamide spots on
the narrowband TLC plate, FTIR mapping technique under
linear scan mode was utilized. That is, FTIR spectrum of
every tiny region on TLC plate (100 𝜇m×100 𝜇m) is obtained
sequentially along the direction of the diffusion of mobile
phase. All the spectra were recorded under reflection mode
at a resolution of 16 cm−1 and 16 scans were coadded. To
improve the signal-to-noise ratio, reflect spectrum from gold
mirror was used as background spectrum.

3D chromatogram that is utilized to reveal the distribu-
tion of cholesterol and benzamide spots was generated via a
programwritten in our lab by using the software ofMATLAB.

3. Results and Discussion

After separating cholesterol and benzamide, the photograph
of narrowband TLC plate is shown in Figure 1. Since both
cholesterol and benzamide are colorless substances, no sep-
arated sample spot can be observed. However, the separated
cholesterol and benzamide spots can be successfully identi-
fied by using FTIR spectroscopicmethod. In this experiment,
FT-IR spectrum of each tiny region on the narrowband TLC
plate is sequentially recorded. The obtained FT-IR spectra
are organized along the direction of the diffusion of mobile
phase so that a 3D chromatogram (the first dimension is
wavenumber from FTIR spectrum, the second dimension is
migration distance, and the third dimension is absorbance)
is constructed. The 3D chromatogram is manifested via a
contourmapmode.As shown in Figure 2, two separated spots
can be clearly visualized in the 3D chromatogram. Typical
FTIR spectra of the two spots, which are obtained by slicing
the 3D chromatogram, are shown as trace 1 in Figures 3 and
4. Carbonyl band around 1670 cm−1 can be found in trace 1
of Figure 3 of the lower spot. These results suggest that the
corresponding spot is benzamide spot. On the other hand,
OH stretching band around 3400 cm−1 and C–H stretching

Figure 1: A photograph of the narrowband TLC plate after sep-
aration of cholesterol and benzamide mixtures (the width of the
narrowband is 3mm).
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Figure 2: 3D chromatograph to characterize the distribution of the
cholesterol and benzamide spots on a narrowband TLC plate.

band around 2900 cm−1 are observable in trace 1 of Figure 4.
This result suggests that the corresponding spot is cholesterol
spot.

To confirm that the above two spots are from benzamide
and cholesterol, we recorded the reference FTIR spectra of
benzamide and cholesterol via the following experiments:
about 0.1𝜇L of ethanol solution containing 1% benzamide
only and 0.1 𝜇L of ethanol solution containing 1% choles-
terol only were manually spotted on two TLC plates. After
evaporation of solvent, the TLC plate was developed by
using a mixture of ethanol and normal heptane (the volume
ratio of normal heptane and ethanol is 9 : 1) as mobile
phases. Afterwards, the two plates were dried at 100∘C in a
vacuum oven to remove residual mobile phase. We use FTIR
microscope mapping technique to locate benzamide and
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Figure 3: FTIR spectrum of benzamide spot (trace 1) on a narrow-
band TLC plate. For comparison, a reference FTIR spectrum of pure
benzamide (trace 2) is also included.
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Figure 4: FTIR spectrum of cholesterol spot (trace 1) on a narrow-
band TLC plate. For comparison, a reference FTIR spectrum (trace
2) of pure cholesterol is also included.

cholesterol spots on the two narrowband TLC plates. Then,
we collected FTIR spectra on the benzamide and cholesterol
spots.Theobtained FTIR spectra are used as reference spectra
and shown as trace 2 in Figures 3 and 4. As demonstrated
in Figures 3 and 4, FTIR spectra of upper and lower spots
are almost the same as the reference spectra of cholesterol
and benzamide. This result confirms that the separated spots
shown in Figure 2 are indeed cholesterol and benzamide.

4. Conclusion

In this work, we use narrowband TLC plates by using AgI
as stationary phase to separate benzamide and cholesterol.
Then, the distribution of benzamide and cholesterol spots
was probed by using FTIRmicroscope with spectral mapping
technique andmanifested by 3D chromatogram. Experimen-
tal results demonstrate that benzamide and cholesterol can
be successfully separated by the narrowband TLC plate. In
addition, characteristic band of benzamide and cholesterol
can be identified from their FTIR spectra. Moreover, the
FTIR spectrum of the separated benzamide and cholesterol
spots on the narrowband TLC plate are roughly the same as
the reference IR spectra of pure benzamide and cholesterol.

The present work demonstrates that TLC/FTIR technique is
applicable in analysis of complex mixtures.
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