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Abstract: Thin layer chromatography (TLC) coupled with infrared
spectroscopic technique has great advantages in the separation and
identification of different components in a mixture. However,
determination of suitable separation condition is a tedious task. To
improve the efficiency of finding suitable separation conditions, we
propose a multi-narrow-band TLC approach. In this approach, a TLC
plate containing several parallel narrow bands was utilized. In experiment,
different pure substance was added on each of the narrow bands and TLC
analysis was performed under same condition. Different substance
exhibits different migration distance. Thus, it becomes much easier to
separate substances with large difference in migration distance. This
approach can be used to find multiple mixed sample pairs in a parallel
manner. Consequently, a high-throughput method on selection of suitable
mobile phase and separation conditions can be established.

Key words: Thin-layer chromatography; Infrared spectroscopy;

Multiple-narrow-band TLC plate; Two-step separation process.
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1 Introduction

Thin-layer chromatography (TLC) is an efficient, quick and economic
approach to separate different components from a given mixture!' ™.
Although TLC exhibits many advantages in the separation of mixtures,
there are some limitations in the identification of separated components ).
In most traditional TLC experiments, separated components can be
identified by color, appropriate UV-Vis absorption or fluorescence
signals "%, For those components without color, UV-Vis absorption or
fluorescence signals, visualization reagents are often used on a developed
TLC plate so that visible spots are formed for their identification.
Unfortunately, the utility of visualization reagents is somewhat limited
since a visualization reagent may not be suitable for every chemical
substance with different structural features "', Infrared spectra (IR) "'
may offer a simple and effective approach to identifying separated
substances, even if the separated substance lacks color, UV-Vis
absorption or fluorescence signals.

Research on TLC/IR appeared in the 1960s. At that time, analysis was
carried out via solvent elution transfer approach. This approach uses
suitable solvent to dissolve each separated sample out of the TLC plate !'*
4 After removing the solvent by vaporization, IR spectrum of the
obtained sample is recorded. This approach is tedious and the analysis is

under the risk of sample loss and contamination. In 1975, Griffiths et al.
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[13-17] developed in situ TLC/IR technique. This approach is quick,

convenient and free of risk of sample loss since IR spectrum is directly
obtained from the separated sample spot on a TLC plate. Subsequently,
Griffiths et al.'"® '] Zuber et al. "™, Eryring et al.'"™ and White *” tried

to use various spectral techniques to develop in situ TLC/IR techniques.

However, the in situ TLC/IR approach suffers from the following problem:

Stationary phases of traditional TLC plates, such as silica and alumina,
exhibit a strong background absorption that can bring about significant
interference to sample identification. Danielson et al. proposed to use
zirconium oxide that has no mid-IR absorption between 4000 cm™ and
1000 cm™ as a new stationary phase for TLC/FTIR analysis " %%
However, zirconium oxide retains a considerable amount of adsorbed
water, and the adsorbed water still brings about strong interference on the
resultant FTIR spectra. Consequently, the problem of interference from
stationary phase was not adequately addressed.

To break the bottleneck of the TLC/IR method, we propose to use
IR-transparent, insoluble inorganic particles as new stationary phases for
TLC/IR analysis. In our previous work, we have carried out a series of
work to use BaF,, LaF;, Agl and sulfur particles as stationary phases for
TLC/IR analysis *”). Our preliminary experiments demonstrated that
mixed samples can be successfully separated by using the above materials

as stationary phase. Moreover, the separated spots can be identified
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correctly by using FTIR spectroscopic measurement. Our further
experiments indicate that BaF,, LaF; particles tend to retain considerable
amount of adsorbed water that is rather difficult to be removed
completely **1. However, it is much easier to remove adsorbed water
completely for silver iodide particles. Thus, we focus our investigation on
TLC/IR analysis by using Agl as stationary phase in the subsequent work.
However, silver iodide is rather expensive, and the usage of silver iodide
in large amounts will lead to an unacceptable economic cost. To solve
this problem, we proposed to use narrow band TLC plate in TLC/IR
analysis ). The results demonstrated that not only the amount of Agl
used in the experiment is remarkably reduced, but also the performance
of the TLC/IR analysis is significantly improved by using narrow band
TLC plate. Furthermore, the development of FTIR spectrometer with a
microscope attachment has provided a new chance for the development of
TLC/IR technique. We adopted the mapping mode of FTIR microscope
in the experiment. As a result, the spectrum of every tiny region on a TLC
plate can be recorded automatically. By using this approach, we have
used TLC with Agl as the stationary phase to analysis colorless mixtures,
such as benzamide/cholesterol mixture and alanine/arginine mixture.
Satisfactory results have been obtained '*” **1. All these work have
demonstrated that TLC/FTIR by using Agl as stationary phase is
applicable to real chemical systems.

5/27



RSC Advances

Silver iodide is still a new stationary phase for TLC/IR analysis. To a large
extent, the chromatographic behavior of Agl particles has not been fully
exploited. Experimental conditions that have been proved to be successful
in separation of a given mixed sample by using silica gel as stationary
phase may not be suitable for the same mixture when Agl is utilized as
stationary phase. Consequently, a large amount of work has been devoted
in the selection of suitable mobile phase and optimization of experimental
conditions in the analysis of mixed samples. The entire procedure is time
consuming and tedious.

In the present paper, we propose a new approach to improving the
efficiency of the selection of mobile phase and optimization of separation
condition by using multiple-narrow-bands TLC plate.

In our experiments, different pure chemical substances were loaded on
each of the separated narrow band of a TLC plate. Subsequently these
substances are observed simultaneously under the same experimental
condition. Different substances may exhibit different migration distances.
Therefore, suitable separation condition for separating two substances
with dramatically different migration distances can be obtained. This
approach can be used to find multiple mixed sample pairs in a parallel
manner. Consequently, a method with high-throughput selection of

suitable mobile phase and separation conditions can be established.
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2 Experimental

2.1 Reagents

All reagents are of AR grade. Methanol, ethanol, aqueous ammonia,
rhodamine B, silver nitrate, bromophenol blue and potassium iodide were
from Beijing Chemical Factory. Bromocresol green and methyl violet
were from Beijing Xudong Chemical Plant. Methyl red, malachite green
and phenol red are from Sinopharm Chemical Reagent Co. Ltd. Congo
red was from Chinese Transport Reagent Factory. Coomassie brilliant
blue was from Shanghai Chemical Reagent Company. Methylene blue

was from Beijing Chemical Reagent Factory.

2.2 Apparatus

IR spectra were collected on a Thermo-Fisher Nicolet iN10 MX FTIR
spectrometer equipped with an IR microscope. All the spectra were
recorded under reflection mode at a resolution of 4 cm™ and 16 scans
were co-added. The size of the aperture on the IR microscope is 100
pm-100 pm.

Silver iodide was synthesized by using a reaction between silver nitrate
and potassium iodide. The experimental detail of the preparation of silver
iodide particles can be found in our previous work '*!. The diameters of
the silver iodide particles are around 100 nm.

2.3 Procedures
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2.3.1 Preparation of mixed sample solutions

Methyl red (0.050 g) was dissolved in 10.00g ethanol to prepare a
0.5wt% solution. In a similar way, 0.5wt% solutions of malachite green,
phenol red, coomassie brilliant blue, methyl violet, rhodamine B,
bromocresol green, congo red, bromophenol blue and malachite green
solutions were prepared. Mixed sample solutions of 0.5wt% rhodamine B
and bromocresol green was prepared by dissolving 0.050g rhodamine B
and 0.050g bromocresol green in 10.00g ethanol. Then we prepared other
mixed sample solutions of bromocresol green/rhodamine B mixture,
methyl red/rhodamine mixture and bromophenol blue/rhodamine B
mixture by using the similar methods.

2.3.2 Preparation of multiple-narrow-band TLC plate
Multiple-narrow-band TLC plate was prepared according to the following
procedure. First, mask a glass plate (100 mmx100 mmx1.5 mm) on both
sides by using a plastic tape. The plastic tape on the glass plate was burnt
by using a computer controlled CO, laser engraving machine on one side.
As a result, multiple narrow rectangle shaped openings (95 mmx2.0 mm)
that are parallel to one another were formed on the glass plate and glass
underneath is exposed for further corrosion. The glass plate was soaked in
hydrofluoric acid solution (13.3wt %) under stirring for 40 min. Then the
glass plate was taken out from the hydrofluoric acid solution and washed
with water. The plastic tape on the glass plate was removed and the plate
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was washed with distilled water. As a result, glass plate with designed
multiple parallel grooves can be obtained.

Silver iodide suspension was prepared by mixing silver iodide and
ethanol (the weight ratio between silver iodide and ethanol was 1: 5). The
suspension was directly dripped into the grooves in the glass plate. After
ethanol evaporation, excess silver iodide at the edge of the grooves was

removed. Thus, a multiple-narrow-band TLC plate was obtained.

2.3.3 Migration behavior of pure substances on TLC plate developed by
different mobile phase

Ten ethanol solutions containing the following pure substances (methyl
red, malachite green, phenol red, coomassie brilliant blue, methyl violet,
rhodamine B , bromocresol green , congo red, bromophenol blue,
methylene blue) were manually spotted at one end of
multiple-narrow-bands silver iodide TLC plate. In the first experiment,
the multiple-narrow-bands TLC plate was developed by using methanol/
aqueous ammonia mixture as the mobile phase (the volume ratio of
methanol to aqueous ammonia is 15:0.3). The development time was 20
minutes. In the second experiment, the multiple-narrow-bands TLC plate
containing the above ten substance was developed by using acetone as the

mobile phase, and the development time was 20 minutes.
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2.3.4 Separation of a mixture according to the migration behavior of its
constituents

TLC experiment

A mixed solution containing methyl violet and bromocresol green was
manually spotted at one end of narrow-band TLC plate and developed for
20 minutes.

FTIR characterization

The developed TLC plate was dried at 100°C in a vacuum oven to
remove residual mobile phase for five hours. Then the TLC plate was
examined by using the FTIR microscope.

Reference FTIR spectra of bromocresol green and methyl violet are
recorded according to the following procedure: Each of the 0.5 wt%
ethanol solutions of pure bromocresol green and methyl violet was
manually spotted at one end of multiple-narrow-bands TLC plate. Then
the TLC plate was developed with the same condition used in
bromocresol/methyl violet separation. FTIR spectra on the spot were
recorded and used as reference spectra for bromocresol green and methyl
violet.

2.3.5 Eliminating the spot tail by a two-step separation process

The mixture was development in methanol/aqueous ammonia mixture
(the volume ratio of methanol to aqueous ammonia is 15:0.3) for 20
minutes and spots of bromophenol blue and rhodanine B are completely
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separated. Then the TLC plate was further developed by using acetone as

a mobile phase for 40 minutes.

3 Results and discussion
3.1 Migration behavior of pure substances on TLC plate developed by
different mobile phase

To test if the multiple-narrow-bands TLC plate is applicable in
practice, ten substances were developed on the multiple-narrow-bands.
The experiment procedure in detail is described in Section 2. 3. 3 of
Experimental.

Images of multiple-narrow-bands plate after developed by using
methanol/ aqueous ammonia mixture as the mobile phase is showed in
Fig. 1. Methyl red, phenol red, bromocresol green, Congo red and
bromophenol blue exhibited larger migration distances, while malachite
green, methyl violet, phenolphthalein and Rhodamine B showed lower
migration distances. According to the difference in migration speed
shown in Fig. 1, we propose that methanol/aqueous ammonia mixture
might be used as the mobile phase to separate the following mixtures
containing two substances: (methyl red, malachite green), (methyl red,
methyl violet), (methyl red, Coomassie brilliant blue), (methyl red,
rhodamine B), (phenol red, malachite green), (phenol red, methyl violet),
(phenol red, Coomassie brilliant blue), (phenol red, rhodamine B),
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(bromocresol green, malachite green), (bromocresol green, methyl violet),
(bromocresol green, Coomassie brilliant blue), (bromocresol green,
rhodamine B), (congo red, malachite green), (congo red, methyl violet),
(congo red, Coomassie brilliant blue), (congo red, rhodamine B),
(bromophenol blue, malachite green), (bromophenol blue, methyl violet),
(bromophenol blue, Coomassie brilliant blue) and (bromophenol blue,
rhodamine B). In section 3.2 of Result and Discussion, we select
bromocresol green/methyl violet as an example to test whether methanol/
aqueous ammonia mixture is a suitable mobile phase to separate the
mixture.

In addition, the above ten substances were also developed by using
acetone as the mobile phase and the results are shown in Fig. 2. In this
case, methyl red, malachite green, phenol red, rhodamine B, bromocresol
green; bromophenol blue exhibited larger migration distances. While
other substances show lower migration distance. Another noticeable
feature in Fig. 2 is that the spot of rhodamine B, which shows a tail in Fig.
1, become a very tiny spot when acetone is utilized. Based on this feature,
a two-step separation process was adopted on the analysis of mixture
containing rhodamine B. The large tail on the rhodamine B spot can be
successfully eliminated during the analysis of mixtures containing
rhodamine B. The detail on this issue can be found in Section 3. 3 of
Results and Discussion.
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3.2 Separation of a mixture according to the migration behavior of its
constituents

Based on the dramatically different migration distances shown in Fig. 1, a
variety of mixtures might be separated by using methanol/aqueous
ammonia mixture as the mobile phase. To test whether above speculate is
correct or not, we used methanol/aqueous ammonia mixture (the volume
ratio of methanol to aqueous ammonia is 15:0.3) as the mobile phase to
separate bromocresol green/methyl violet mixture. The experimental
procedure in detail is described in Section 2. 3. 4 of Experimental. After
separation, two isolated spots can be observed (Fig. 3A). To confirm that
the above two separated spots are bromocresol green and methyl violet,
respectively, FTIR spectroscopic experiments were also conducted. The
experimental procedure is described in Section 2. 3. 4 of Experimental.
FTIR spectra of the separated bromocresol green and methyl violet as
well as the corresponding reference spectra are shown in Fig. 3B. The
spectra of bromocresol green and methyl violet are roughly the same as
the corresponding reference spectra. That is to say, the separated spots
can be identified by using FTIR spectroscopic method. Therefore, the
result of multiple-narrow-band TLC experiment is applicable in the

separation of the bromocresol green/methyl violet mixture.

3.3 Eliminating the spot tail by a two-step separation process
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Then we tried to separate bromophenol blue/rhodamine B mixture by
using methanol/aqueous ammonia mixture (the volume ratio of methanol
to aqueous ammonia is 15:0.3) as the mobile phase. The results of TLC
experiment are shown in Fig. 4. Although completely separation on the
mixture can be achieved, there remains a problem. A large tail can be
observed on the spot of rhodamine B. The same phenomenon can also be
found in Fig. 1. This result suggests that the solubility of rhodamine B is
not adequate in the methanol/aqueous ammonia mixture. Separated spot
with a larger tail means that the separated component has spread in a
quite large area. Thus, the content of the separated component in a
detection region under an IR microscope (the size of detection region is
only 100 umx100 pm) will be attenuated accordingly. This tendency may
bring about problem in the detection of the separated component in the
subsequent FTIR measurement.

Then we study the chromatographic behavior of bromophenol blue and
rhodamine B by using acetone as a mobile phase. In this case, the
difference in migration distance between bromophenol blue and
rhodamine B is much reduced. The results suggest that acetone might not
be a suitable mobile phase to separate bromophenol blue/rhodamine B
mixture. However, the tail on the spot of rhodamine B cannot be observed
any more (Fig. 2).

Based on the different chromatographic behavior by using methanol/
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/aqueous ammonia mixture and acetone as mobile phases, we proposed a
separation and elimination of tail strategy. First, bromophenol blue and
rhodamine B was firstly developed by using methanol/aqueous ammonia
mixture so that a complete separation can be achieved on the
bromophenol blue/rhodamine B mixture. Then the TLC plate was further
developed by using acetone as mobile phase. Since the rhodamine B spot
with a large tail locates at the bottom of the TLC plate, the migration
behavior of rhodamine B can be firstly affected by acetone. The large tail
is expected to be eliminated. On the other hand, the spot of bromophenol
blue locates at the upper part of the TLC plate. Hence, acetone gets
contact with the spot of bromophenol blue at later stage. If we control the
time of development in acetone, the tail of rhodamine B spot can be
eliminated before the spot of rhodamine B catch up with the spot of
bromophenol blue. According to this idea, a two-step experiment was
conducted. The experimental procedure is described in Section 2.3.5 of
Experimental. As shown in Fig. 5A, bromophenol blue/rhodamine B
mixture was successfully separated. Moreover, the larger tail on the
rhodamine B spot cannot be observed any more. By using the same
strategy, we have also separated methyl red/ rhodamine B mixture (Fig.
6A).

To confirm that the separated spots shown in Fig. SA and Fig. 6A are
methyl red, bromophenol blue and rhodamine B, respectively, reference
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FTIR spectra of the above substances were recorded according to the
procedure described in Section 2.3.4 of Experimental. Then FTIR
spectra of the separated spots shown in Fig. 5B and Fig. 6B were also
recorded. FTIR spectra of methyl red, bromophenol blue and rhodamine
B are roughly the same as the corresponding reference spectra,
respectively. The results confirm that the separated spot can be identified

by using FTIR spectroscopic method.

Conclusion

In this study, we proposed a new approach to improving the efficiency of
the selection of mobile phase and optimization of separation condition by
using multiple-narrow-bands TLC plate. Under the guidance of the result
of multiple-narrow-band TLC experiment, we have successfully
separated the bromocresol green/methyl violet mixture. Furthermore, we
adopt two-step separation process by using methanol/aqueous ammonia
mixture and acetone as the first and second mobile phase. As a result,
bromocresol green/rhodamine B mixture, methyl red/rhodamine mixture
and bromophenol blue/thodamine B mixture can be successfully
separated. Moreover, the problem that thodamine B spot show a large tail
has also been addressed. The above results confirm that the use of the
multiple-narrow-bands TLC technique proposed in the present work
should be helpful in the selection of suitable mobile phase and

16/27

Page 16 of 54



Page 17 of 54

RSC Advances

experimental condition for TLC/FTIR analysis.
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Fig. 1 A Photograph of a multiple-narrow-band TLC plate after
development for 20 minutes by using methanol-ammonium hydroxide
mixture (the volume ratio of the two solvents is 15:0.3) as a mobile phase.
1 Methyl red; 2 Malachite green; 3 Phenol red; 4 Coomassie brilliant blue;
5 Methyl violet; 6 Rhodamine B; 7 Bromocresol green; 8 Congo red; 9

Bromophenol blue; 10 Methylene blue
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Fig. 2 A Photograph of a multiple-narrow-band TLC plate after
development by using acetone as a mobile phase. 1 Methyl red; 2
Malachite green; 3 Phenol red; 4 Coomassie brilliant blue; 5 Methyl
violet; 6 Rhodamine B; 7 Bromocresol green; 8 Congo red; 9

Bromophenol blue; 10 Methylene blue
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Fig. 3A A Photograph of a narrow-band TLC plate after separation of bromocresol green/methyl violet mixture. B FTIR
spectra of separated bromocresol green/methyl violet spots and reference spectra. trace a reference FTIR spectrum of
bromocresol green; trace b: FTIR spectrum of the separated spot of bromocresol green; trace ¢: FTIR spectrum of the

separated spot of methyl violet; trace d: reference FTIR spectrum of methyl violet.
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Bromophenol blue

Rhodamine B

Fig. 4 A Photograph of a narrow-band TLC plate after separation of

bromophenol blue/rhodamine B mixture
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Fig. SA A photograph of a narrow-band TLC plate after separation of bromophenol blue/ rhodamine B mixture by using the
two-step separation process. B FTIR spectra of separated bromophenol blue/ thodamine B mixture sample spots and
reference spectra. trace a: reference FTIR spectrum of bromophenol blue; trace b: FTIR spectrum of bromophenol blue
spot separated from the mixture; trace c¢: FTIR spectrum of rhodamine B spot separated from the mixture; trace d:

reference FTIR spectrum of rhodamine B.
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Fig. 6A A photograph of a narrow-band TLC plate after separation of methyl/ rhodamine B mixture by using the two-step
separation process. B FTIR spectra of separated methyl/ rhodamine B spots and reference spectra. trace e: reference FTIR
spectrum of methyl red; trace f: reference FTIR spectrum of methyl red spot separated from the mixture; trace g: FTIR

spectrum of rhodamine B spot separated from the mixture; trace h: reference FTIR spectrum of thodamine B.
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Finding a Suitable Separation Condition for TLC/FTIR Analysis by

using Multiple-Narrow-Band TLC Technique

Ye Jiang, Xiaoyan Kang, Danqing Gao, Anqi He, Ran Guo, Xiaokun Fan, Yanjun Zhai, Jinming Xia,
Yizhuang Xu, Isao Noda, Jinguang Wu

A multiple-narrow-band TLC approach is proposed to find suitable solvent for TLC analysis in a
high-throughput manner.
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Abstract: Thin layer chromatography (TLC) coupled with infrared
spectroscopic technique has great advantages in the separation and
identification of different components in a mixture. However,
determination of suitable separation condition is a tedious task. To
improve the efficiency of finding suitable separation conditions, we
propose a multi-narrow-band TLC approach. In this approach, a TLC
plate containing several parallel narrow bands was utilized. In experiment,
different pure substance was added on each of the narrow bands and TLC
analysis was performed under same condition. Different substance
exhibits different migration distance. Thus, it becomes much easier to
separate substances with large difference in migration distance. This
approach can be used to find multiple mixed sample pairs in a parallel
manner. Consequently, a high-throughput method on selection of suitable
mobile phase and separation conditions can be established.

Key words: Thin-layer chromatography; Infrared spectroscopy;

Multiple-narrow-band TLC plate; Two-step separation process.

2127



RSC Advances

1 Introduction
Thin-layer chromatography (TLC) is an efficient, quick and economic
approach to separate different components from a given mixture -8,

Although TLC exhibits many advantages in the separation of mixtures,

there are some limitations in the identification of separated components .

In most traditional TLC experiments, separated components can be
identified by color, appropriate UV-Vis absorption or fluorescence
signals %! For those components without color, UV-Vis absorption or
fluorescence signals, visualization reagents are often used on a developed
TLC plate so that visible spots are formed for their identification.
Unfortunately, the utility of visualization reagents is somewhat limited
since a visualization reagent may not be suitable for every chemical
substance with different structural features "\, Infrared spectra (IR) ™'
may offer a simple and effective approach to identifying separated
substances, even if the separated substance lacks color, UV-Vis
absorption or fluorescence signals.

Research on TLC/IR appeared in the 1960s. At that time, analysis was
carried out via solvent elution transfer approach. This approach uses
suitable solvent to dissolve each separated sample out of the TLC plate 1**
" After removing the solvent by vaporization, IR spectrum of the
obtained sample is recorded. This approach is tedious and the analysis is

under the risk of sample loss and contamination. In 1975, Griffiths et al.
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1517 developed in situ TLC/IR technique. This approach is quick,
convenient and free of risk of sample loss since IR spectrum is directly
obtained from the separated sample spot on a TLC plate. Subsequently,
Griffiths et al.'® "1 Zuber et al.[™® Eryring et al.™*! and White * tried
to use various spectral techniques to develop in situ TLC/IR techniques.
However, the in situ TLC/IR approach suffers from the following problem:
Stationary phases of traditional TLC plates, such as silica and alumina,
exhibit a strong background absorption that can bring about significant
interference to sample identification. Danielson et al. proposed to use
zirconium oxide that has no mid-IR absorption between 4000 cm™ and
1000 cm™ as a new stationary phase for TLC/FTIR analysis ? %,
However, zirconium oxide retains a considerable amount of adsorbed
water, and the adsorbed water still brings about strong interference on the
resultant FTIR spectra. Consequently, the problem of interference from
stationary phase was not adequately addressed.

To break the bottleneck of the TLC/IR method, we propose to use
IR-transparent, insoluble inorganic particles as new stationary phases for
TLC/IR analysis. In our previous work, we have carried out a series of
work to use BaF,, LaFz, Agl and sulfur particles as stationary phases for
TLC/IR analysis %, Our preliminary experiments demonstrated that
mixed samples can be successfully separated by using the above materials

as stationary phase. Moreover, the separated spots can be identified
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correctly by using FTIR spectroscopic measurement. Our further
experiments indicate that BaF,, LaF; particles tend to retain considerable
amount of adsorbed water that is rather difficult to be removed

[28], However, it is much easier to remove adsorbed water

completely
completely for silver iodide particles. Thus, we focus our investigation on
TLC/IR analysis by using Agl as stationary phase in the subsequent work.
However, silver iodide is rather expensive, and the usage of silver iodide
in large amounts will lead to an unacceptable economic cost. To solve
this problem, we proposed to use narrow band TLC plate in TLC/IR
analysis ). The results demonstrated that not only the amount of Agl
used in the experiment is remarkably reduced, but also the performance
of the TLC/IR analysis is significantly improved by using narrow band
TLC plate. Furthermore, the development of FTIR spectrometer with a
microscope attachment has provided a new chance for the development of
TLC/IR technique. We adopted the mapping mode of FTIR microscope
in the experiment. As a result, the spectrum of every tiny region ona TLC
plate can be recorded automatically. By using this approach, we have
used TLC with Agl as the stationary phase to analysis colorless mixtures,
such as benzamide/cholesterol mixture and alanine/arginine mixture.

[29. 301 Al these work have

Satisfactory results have been obtained
demonstrated that TLC/FTIR by using Agl as stationary phase is
applicable to real chemical systems.
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Silver iodide is still a new stationary phase for TLC/IR analysis. To a large
extent, the chromatographic behavior of Agl particles has not been fully
exploited. Experimental conditions that have been proved to be successful
in separation of a given mixed sample by using silica gel as stationary
phase may not be suitable for the same mixture when Agl is utilized as
stationary phase. Consequently, a large amount of work has been devoted
in the selection of suitable mobile phase and optimization of experimental
conditions in the analysis of mixed samples. The entire procedure is time
consuming and tedious.

In the present paper, we propose a new approach to improving the
efficiency of the selection of mobile phase and optimization of separation
condition by using multiple-narrow-bands TLC plate.

In our experiments, different pure chemical substances were loaded on
each of the separated narrow band of a TLC plate. Subsequently these
substances are observed simultaneously under the same experimental
condition. Different substances may exhibit different migration distances.
Therefore, suitable separation condition for separating two substances
with dramatically different migration distances can be obtained. This
approach can be used to find multiple mixed sample pairs in a parallel
manner. Consequently, a method with high-throughput selection of

suitable mobile phase and separation conditions can be established.
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2 Experimental

2.1 Reagents

All reagents are of AR grade. Methanol, ethanol, aqueous ammonia,
rhodamine B, silver nitrate, bromophenol blue and potassium iodide were
from Beijing Chemical Factory. Bromocresol green and methyl violet
were from Beijing Xudong Chemical Plant. Methyl red, malachite green
and phenol red are from Sinopharm Chemical Reagent Co. Ltd. Congo
red was from Chinese Transport Reagent Factory. Coomassie brilliant
blue was from Shanghai Chemical Reagent Company. Methylene blue

was from Beijing Chemical Reagent Factory.

2.2 Apparatus

IR spectra were collected on a Thermo-Fisher Nicolet iN10 MX FTIR
spectrometer equipped with an IR microscope. All the spectra were
recorded under reflection mode at a resolution of 4 cm™and 16 scans
were co-added. The size of the aperture on the IR microscope is 100
um-100 pm.

Silver iodide was synthesized by using a reaction between silver nitrate
and potassium iodide. The experimental detail of the preparation of silver
iodide particles can be found in our previous work . The diameters of
the silver iodide particles are around 100 nm.

2.3 Procedures

7127
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2.3.1 Preparation of mixed sample solutions

Methyl red (0.050 g) was dissolved in 10.00g ethanol to prepare a
0.5wt% solution. In a similar way, 0.5wt% solutions of malachite green,
phenol red, coomassie brilliant blue, methyl violet, rhodamine B,
bromocresol green, congo red, bromophenol blue and malachite green
solutions were prepared. Mixed sample solutions of 0.5wt% rhodamine B
and bromocresol green was prepared by dissolving 0.050g rhodamine B
and 0.050g bromocresol green in 10.00g ethanol. Then we prepared other
mixed sample solutions of bromocresol green/rhodamine B mixture,
methyl red/rhodamine mixture and bromophenol blue/rhodamine B
mixture by using the similar methods.

2.3.2 Preparation of multiple-narrow-band TLC plate
Multiple-narrow-band TLC plate was prepared according to the following
procedure. First, mask a glass plate (100 mmx100 mmx1.5 mm) on both
sides by using a plastic tape. The plastic tape on the glass plate was burnt
by using a computer controlled CO, laser engraving machine on one side.
As a result, multiple narrow rectangle shaped openings (95 mmx2.0 mm)
that are parallel to one another were formed on the glass plate and glass
underneath is exposed for further corrosion. The glass plate was soaked in
hydrofluoric acid solution (13.3wt %) under stirring for 40 min. Then the
glass plate was taken out from the hydrofluoric acid solution and washed
with water. The plastic tape on the glass plate was removed and the plate
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was washed with distilled water. As a result, glass plate with designed
multiple parallel grooves can be obtained.

Silver iodide suspension was prepared by mixing silver iodide and
ethanol (the weight ratio between silver iodide and ethanol was 1: 5). The
suspension was directly dripped into the grooves in the glass plate. After
ethanol evaporation, excess silver iodide at the edge of the grooves was

removed. Thus, a multiple-narrow-band TLC plate was obtained.

2.3.3 Migration behavior of pure substances on TLC plate developed by
different mobile phase

Ten ethanol solutions containing the following pure substances (methyl
red, malachite green, phenol red, coomassie brilliant blue, methyl violet,
rhodamine B , bromocresol green , congo red, bromophenol blue,
methylene  blue) were manually spotted at one end of
multiple-narrow-bands silver iodide TLC plate. In the first experiment,
the multiple-narrow-bands TLC plate was developed by using methanol/
agueous ammonia mixture as the mobile phase (the volume ratio of
methanol to aqueous ammonia is 15:0.3). The development time was 20
minutes. In the second experiment, the multiple-narrow-bands TLC plate
containing the above ten substance was developed by using acetone as the

mobile phase, and the development time was 20 minutes.
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2.3.4 Separation of a mixture according to the migration behavior of its
constituents

TLC experiment

A mixed solution containing methyl violet and bromocresol green was
manually spotted at one end of narrow-band TLC plate and developed for
20 minutes.

FTIR characterization

The developed TLC plate was dried at 100°C in a vacuum oven to
remove residual mobile phase for five hours. Then the TLC plate was
examined by using the FTIR microscope.

Reference FTIR spectra of bromocresol green and methyl violet are
recorded according to the following procedure: Each of the 0.5 wt%
ethanol solutions of pure bromocresol green and methyl violet was
manually spotted at one end of multiple-narrow-bands TLC plate. Then
the TLC plate was developed with the same condition used in
bromocresol/methyl violet separation. FTIR spectra on the spot were
recorded and used as reference spectra for bromocresol green and methyl
violet.

2.3.5 Eliminating the spot tail by a two-step separation process

The mixture was development in methanol/agueous ammonia mixture
(the volume ratio of methanol to agueous ammonia is 15:0.3) for 20
minutes and spots of bromophenol blue and rhodanine B are completely

10/ 27



RSC Advances

separated. Then the TLC plate was further developed by using acetone as

a mobile phase for 40 minutes.

3 Results and discussion
3.1 Migration behavior of pure substances on TLC plate developed by
different mobile phase

To test if the multiple-narrow-bands TLC plate is applicable in
practice, ten substances were developed on the multiple-narrow-bands.
The experiment procedure in detail is described in Section 2. 3. 3 of
Experimental.

Images of multiple-narrow-bands plate after developed by using
methanol/ agueous ammonia mixture as the mobile phase is showed in
Fig. 1. Methyl red, phenol red, bromocresol green, Congo red and
bromophenol blue exhibited larger migration distances, while malachite
green, methyl violet, phenolphthalein and Rhodamine B showed lower
migration distances. According to the difference in migration speed
shown in Fig. 1, we propose that methanol/aqueous ammonia mixture
might be used as the mobile phase to separate the following mixtures
containing two substances: (methyl red, malachite green), (methyl red,
methyl violet), (methyl red, Coomassie brilliant blue), (methyl red,
rhodamine B), (phenol red, malachite green), (phenol red, methyl violet),
(phenol red, Coomassie brilliant blue), (phenol red, rhodamine B),

11/27
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(bromocresol green, malachite green), (bromocresol green, methyl violet),
(bromocresol green, Coomassie brilliant blue), (bromocresol green,
rhodamine B), (congo red, malachite green), (congo red, methyl violet),
(congo red, Coomassie brilliant blue), (congo red, rhodamine B),
(bromophenol blue, malachite green), (bromophenol blue, methyl violet),
(bromophenol blue, Coomassie brilliant blue) and (bromophenol blue,
rhodamine B). In section 3.2 of Result and Discussion, we select
bromocresol green/methyl violet as an example to test whether methanol/
aqgueous ammonia mixture is a suitable mobile phase to separate the
mixture.

In addition, the above ten substances were also developed by using
acetone as the mobile phase and the results are shown in Fig. 2. In this
case, methyl red, malachite green, phenol red, rhodamine B, bromocresol
green; bromophenol blue exhibited larger migration distances. While
other substances show lower migration distance. Another noticeable
feature in Fig. 2 is that the spot of rhodamine B, which shows a tail in Fig.
1, become a very tiny spot when acetone is utilized. Based on this feature,
a two-step separation process was adopted on the analysis of mixture
containing rhodamine B. The large tail on the rhodamine B spot can be
successfully eliminated during the analysis of mixtures containing
rhodamine B. The detail on this issue can be found in Section 3. 3 of
Results and Discussion.
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3.2 Separation of a mixture according to the migration behavior of its
constituents

Based on the dramatically different migration distances shown in Fig. 1, a
variety of mixtures might be separated by using methanol/aqueous
ammonia mixture as the mobile phase. To test whether above speculate is
correct or not, we used methanol/agueous ammonia mixture (the volume
ratio of methanol to aqueous ammonia is 15:0.3) as the mobile phase to
separate bromocresol green/methyl violet mixture. The experimental
procedure in detail is described in Section 2. 3. 4 of Experimental. After
separation, two isolated spots can be observed (Fig. 3A). To confirm that
the above two separated spots are bromocresol green and methyl violet,
respectively, FTIR spectroscopic experiments were also conducted. The
experimental procedure is described in Section 2. 3. 4 of Experimental.
FTIR spectra of the separated bromocresol green and methyl violet as
well as the corresponding reference spectra are shown in Fig. 3B. The
spectra of bromocresol green and methyl violet are roughly the same as
the corresponding reference spectra. That is to say, the separated spots
can be identified by using FTIR spectroscopic method. Therefore, the
result of multiple-narrow-band TLC experiment is applicable in the

separation of the bromocresol green/methyl violet mixture.

3.3 Eliminating the spot tail by a two-step separation process

13/27
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Then we tried to separate bromophenol blue/rhodamine B mixture by
using methanol/aqueous ammonia mixture (the volume ratio of methanol
to aqueous ammonia is 15:0.3) as the mobile phase. The results of TLC
experiment are shown in Fig. 4. Although completely separation on the
mixture can be achieved, there remains a problem. A large tail can be
observed on the spot of rhodamine B. The same phenomenon can also be
found in Fig. 1. This result suggests that the solubility of rhodamine B is
not adequate in the methanol/aqueous ammonia mixture. Separated spot
with a larger tail means that the separated component has spread in a
quite large area. Thus, the content of the separated component in a
detection region under an IR microscope (the size of detection region is
only 100 umx100 um) will be attenuated accordingly. This tendency may
bring about problem in the detection of the separated component in the
subsequent FTIR measurement.

Then we study the chromatographic behavior of bromophenol blue and
rhodamine B by using acetone as a mobile phase. In this case, the
difference in migration distance between bromophenol blue and
rhodamine B is much reduced. The results suggest that acetone might not
be a suitable mobile phase to separate bromophenol blue/rhodamine B
mixture. However, the tail on the spot of rhodamine B cannot be observed
any more (Fig. 2).

Based on the different chromatographic behavior by using methanol/
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/agueous ammonia mixture and acetone as mobile phases, we proposed a
separation and elimination of tail strategy. First, bromophenol blue and
rhodamine B was firstly developed by using methanol/aqueous ammonia
mixture so that a complete separation can be achieved on the
bromophenol blue/rhodamine B mixture. Then the TLC plate was further
developed by using acetone as mobile phase. Since the rhodamine B spot
with a large tail locates at the bottom of the TLC plate, the migration
behavior of rhodamine B can be firstly affected by acetone. The large tail
is expected to be eliminated. On the other hand, the spot of bromophenol
blue locates at the upper part of the TLC plate. Hence, acetone gets
contact with the spot of bromophenol blue at later stage. If we control the
time of development in acetone, the tail of rhodamine B spot can be
eliminated before the spot of rhodamine B catch up with the spot of
bromophenol blue. According to this idea, a two-step experiment was
conducted. The experimental procedure is described in Section 2.3.5 of
Experimental. As shown in Fig. 5A, bromophenol blue/rhodamine B
mixture was successfully separated. Moreover, the larger tail on the
rhodamine B spot cannot be observed any more. By using the same
strategy, we have also separated methyl red/ rhodamine B mixture (Fig.
6A).

To confirm that the separated spots shown in Fig. 5A and Fig. 6A are
methyl red, bromophenol blue and rhodamine B, respectively, reference

15/27
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FTIR spectra of the above substances were recorded according to the
procedure described in Section 2.3.4 of Experimental. Then FTIR
spectra of the separated spots shown in Fig. 5B and Fig. 6B were also
recorded. FTIR spectra of methyl red, bromophenol blue and rhodamine
B are roughly the same as the corresponding reference spectra,
respectively. The results confirm that the separated spot can be identified

by using FTIR spectroscopic method.

Conclusion

In this study, we proposed a new approach to improving the efficiency of
the selection of mobile phase and optimization of separation condition by
using multiple-narrow-bands TLC plate. Under the guidance of the result
of multiple-narrow-band TLC experiment, we have successfully
separated the bromocresol green/methyl violet mixture. Furthermore, we
adopt two-step separation process by using methanol/agueous ammonia
mixture and acetone as the first and second mobile phase. As a result,
bromocresol green/rhodamine B mixture, methyl red/rhodamine mixture
and bromophenol blue/rhodamine B mixture can be successfully
separated. Moreover, the problem that rhodamine B spot show a large tail
has also been addressed. The above results confirm that the use of the
multiple-narrow-bands TLC technique proposed in the present work
should be helpful in the selection of suitable mobile phase and
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experimental condition for TLC/FTIR analysis.
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Fig. 1 A Photograph of a multiple-narrow-band TLC plate after

development for 20 minutes by using methanol-ammonium hydroxide
mixture (the volume ratio of the two solvents is 15:0.3) as a mobile phase.
1 Methyl red; 2 Malachite green; 3 Phenol red; 4 Coomassie brilliant blue;
5 Methyl violet; 6 Rhodamine B; 7 Bromocresol green; 8 Congo red; 9

Bromophenol blue; 10 Methylene blue
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Fig. 2 A Photograph of a multiple-narrow-band TLC plate after
development by using acetone as a mobile phase. 1 Methyl red; 2
Malachite green; 3 Phenol red; 4 Coomassie brilliant blue; 5 Methyl
violet; 6 Rhodamine B; 7 Bromocresol green; 8 Congo red; 9

Bromophenol blue; 10 Methylene blue
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Fig. 3A A Photograph of a narrow-band TLC plate after separation of bromocresol green/methyl violet mixture. B FTIR
spectra of separated bromocresol green/methyl violet spots and reference spectra. trace a reference FTIR spectrum of

bromocresol green; trace b: FTIR spectrum of the separated spot of bromocresol green; trace c: FTIR spectrum of the

separated spot of methyl violet; trace d: reference FTIR spectrum of methyl violet.
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Bromophenol blue

Rhodamine B

Fig. 4 A Photograph of a narrow-band TLC plate after separation of

bromophenol blue/rhodamine B mixture
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Fig. 5A A photograph of a narrow-band TLC plate after separation of bromophenol blue/ rhodamine B mixture by using the
two-step separation process. B FTIR spectra of separated bromophenol blue/ rhodamine B mixture sample spots and
reference spectra. trace a: reference FTIR spectrum of bromophenol blue; trace b: FTIR spectrum of bromophenol blue

spot separated from the mixture; trace c: FTIR spectrum of rhodamine B spot separated from the mixture; trace d:

reference FTIR spectrum of rhodamine B.
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Fig. 6A A photograph of a narrow-band TLC plate after separation of methyl/ rhodamine B mixture by using the two-step
separation process. B FTIR spectra of separated methyl/ rhodamine B spots and reference spectra. trace e: reference FTIR
spectrum of methyl red; trace f: reference FTIR spectrum of methyl red spot separated from the mixture; trace g: FTIR

spectrum of rhodamine B spot separated from the mixture; trace h: reference FTIR spectrum of rhodamine B.
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Finding a Suitable Separation Condition for TLC/FTIR Analysis by
using Multiple-Narrow-Band TLC Technique

Ye Jiang, Xiaoyan Kang, Danging Gao, Angi He, Ran Guo, Xiaokun Fan, Yanjun Zhai, Jinming Xia,
Yizhuang Xu, Isao Noda, Jinguang Wu

A multiple-narrow-band TLC approach is proposed to find suitable solvent for TLC analysis in a
high-throughput manner.
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