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Abstract

Plant species contain several pigments that are responsible for different functions. Depending on the structures of

these pigments, some of these pigments are nonpolar (chlorophyll-a, chlorophyll-b, β-carotene, xanthophyll, etc.),

whereas some are polar (anthocyanins), thus making them hydrophobic or hydrophilic, respectively. To understand

more about the structure and properties of these pigments, it is essential to isolate them in pure forms. So far, planar

chromatographic techniques have been mostly employed to separate nonpolar pigments from one another, but not

from the polar ones. Here we are reporting a novel solvent composition that can be used to separate the nonpolar

pigments from the polar ones using thin-layer chromatography (TLC). Using a mixture of hexane:ethyl

acetate:acetone:isopropyl alcohol:water = 6:1:1:1:1 as the mobile phase, we were able to obtain a TLC, where spots

are distinctly separated, concentrated, and could easily be isolated. The pigments were identified from their colors and

Rf values, and characterized using UV-Vis spectra.
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Introduction

Plants contain several pigments that are responsible for different physiological processes [1][2]. Some are responsible for

photosynthetic processes (chlorophylls, pheophytins, xanthophylls, carotenoids, etc.), whereas some other pigments

directly or indirectly help in other processes such as growth and development, protection, and pollination (phytochromes,

anthocyanins to name a few) [1][2][3]. To get insights into these pigments, it is critical to isolate and purify these pigments

and conduct further studies on them. To this end, different methodologies or protocols have been reported in the

literature [4][5][6][7][8][9]. These methodologies have employed a wide variety of techniques, ranging from simple

chromatographic techniques (paper chromatography, thin-layer chromatography (TLC)) to relatively complex ones (such

as differential solvent extraction methods, high-pressure liquid chromatography (HPLC), and other biophysical processes

of separation). The latter studies involved multiple steps, expensive instruments, more solvents, and sometimes corrosive

or hazardous chemicals such as acids, and were not very cost-effective. One of the most commonly used solvents is

methanol, and some pigments have been found to be unstable in it [6]. Methanol is also known to be toxic in nature [10].

Sometimes these processes involve some harmful or hazardous chemicals as well, such as acetic acid, halogenated

solvents, etc [11][12]. Hence, often planar chromatographic techniques (paper chromatography and TLC) are preferred due

to their simplistic and convenient nature [4][5][13][14]. These methods are inexpensive and can be performed in basic lab

settings, which is also ideal for educational purposes.

Even though there are a few reports in the literature on separating plant pigments using planar chromatographic

techniques, most of these studies were focused on separating the nonpolar pigments such as chlorophyll-a, chlorophyll-b,

pheophytin, β-carotene, and xanthophylls [4][13][14]. On the other hand, several plants contain highly polar pigments such

as anthocyanins in addition to the nonpolar ones [3][15]. Different techniques have been employed over the years to

isolate anthocyanins as well, but usually not from a mixture containing highly nonpolar pigments [16][17]. Even these

studies used harmful chemicals that could be health hazards and were not environmentally friendly. A method to separate

anthocyanins from the common nonpolar pigments has been reported earlier, but the expected separation pattern was

found to be non-reproducible [18]. When repeated, the more nonpolar xanthophylls eluded before the highly polar

anthocyanins that did not move, contradicting the reported data. Moreover, the solvent system included chloroform, which

is nowadays avoided due to its carcinogenic nature [19]. Chloroform also has been found to be responsible for several

other severe diseases [20]. To the best of our knowledge, except for this report, separation and isolation of the nonpolar

(chlorophylls, pheophytin, β-carotene, xanthophylls, etc.) and the polar anthocyanin pigments effectively using the same
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chromatogram have not been reported elsewhere.

Our aim was to develop a novel solvent system that can be used to separate the above-mentioned pigments using a

simple experimental setup such as planar chromatography (thin-layer chromatography (TLC) or paper chromatography).

We also wanted to ensure that the chemicals being used were not threats to health under normal circumstances. To this

end, we strategically designed a wide range of solvent systems with varying compositions and tested their efficacies for

both paper and thin-layer chromatography in eluding the polar and nonpolar pigments in such a way so that they are well

separated and could easily be isolated. Our results indicated that a solvent composition of hexane:ethyl acetate:

acetone:isopropyl alcohol:water = 6:1:1:1:1 as the mobile phase was ideal for this purpose using silica-coated aluminium

as the stationary phase.

Experimental

Materials

The stationary phase for the paper chromatography was obtained by cutting filter papers (Whatman, #1001-125) into

rectangular shapes. For the thin-layer chromatography (TLC), silica-coated aluminium was chosen as the stationary

phase (TLC Silica gel 60 F254, Merck, Germany). All the solvents used as the constituents of the mobile phase were

purchased from SRL Chemical (India).

UV-Vis spectroscopy

UV-Vis absorption spectra were recorded for the isolated photopigments dissolved in isopropyl alcohol. 1-1.5 mL of the

sample solutions were transferred to a quartz cuvette and measurement was done on a Shimadzu UV-1780 UV-Vis

spectrophotometer using UV Probe software.

Methods

Plant pigment extract preparation

Two plant species were selected for this study – American basswood (Tila americana) and copperleaf (Acalypha

wilkesiana). American basswood had green leaves, indicating the presence of chlorophylls. On the other hand, copperleaf

had predominantly red leaves, but with a greenish tint. Studies have confirmed that the red color comes due to the

presence of anthocyanins in copperleaf. First, we collected 3-4 pieces of fresh leaf samples from each plant and tear

them into smaller pieces. Then 2-3 mL of isopropyl alcohol was added to the smaller leaf fragments in a mortar and these

were ground to even smaller fragments using the pestle. At this stage, the photopigments started to get dissolved in

isopropyl alcohol and this extraction process was facilitated by stirring the pestle. The color of the solution changed
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depending on the color of the photopigments. Acetone was also used instead of isopropyl alcohol giving the same result.

Chromatographic Separation

Chromatographic separation of the photopigments was done using two different chromatographic methods – paper

chromatography and thin layer chromatography (TLC). The stationary phase for the paper chromatography was obtained

by cutting the Whatman filter paper into rectangular shapes. The stationary phase for the TLC was silica gel on aluminium

support (Silica gel 60 F254, Merck, Germany). These extracts were then spotted on the stationary phases (paper or TLC)

and run inside the TLC chamber carrying the mobile phases. We tried several mobile phases by trying out different

combinations of solvents such as water, hexane, ethyl acetate, acetone, and isopropyl alcohol. To compare, identify and

assign different photopigments after separation, the retention factor (Rf) was calculated for each separated photo-pigment

by dividing the distance travelled by the photopigments by the distance travelled by the solvent front [21].

Results

Paper chromatography

As our first method to isolate the photopigments, we chose paper chromatography as the separation method as it is

simple, convenient, and easy to perform even in a basic lab setting. From the green leaves, we prepared the extract

primarily containing the green pigments (chlorophylls) as described in the method section. We first started with a purely

polar (ethyl acetate) and another purely non-polar solvent (n-hexane) to gauge the movement and separation of the

photopigments on paper. For hexane, we observed multiple spots of different colors – green, yellow, orange, etc. Most of

them moved easily with the solvent but were not well separated, making it difficult to isolate the photopigments. On the

other hand, with pure ethyl acetate as the mobile phase, the spots did not move much. Before trying different solvent

compositions based on their polarities, we used the extract from the red leaf as well, but the red spot from the red leaf

extract did not move at all either in hexane or in ethyl acetate. As the next step, we tried different other solvents, first in

pure form and then as solvent mixtures, gradually changing the composition (constituents and their relative amounts). A

representative series of paper chromatography results are shown in Figure 1. As can be seen from the images, the green,

yellow, or orange pigments traveled in a 10% ethyl acetate-hexane or 10% acetone-hexane mixture but did not move at all

in water. On the other hand, the red spot did not move in these solvents. In pure isopropyl alcohol, the green, yellow, and

orange pigments moved, but, the red one did not move. After the initial round of experimenting with different

compositions, it was clear that the mixture of solvents is a more suitable option for separating the plant pigments of

varying polarity. Except for the red pigment, the other pigments were separated in a relatively better way when a 10%

ethyl acetate-hexane mixture or a 10% acetone-hexane mixture was used. Keeping the highly polar nature of anthocyanin

in mind, next we explored more polar compositions to elude anthocyanins. When a mixture of 50% isopropyl alcohol-water

mixture was used, the red pigment moved along the stationary phase. But in this case, the other nonpolar photopigments

eluded in such a way that they were not well separated and the separation was found to be difficult using paper
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chromatography. Another issue with the paper chromatography technique was the tailing of the spots making the

separation process even more difficult.

Figure 1. Representative images of some of the paper chromatography experiments done using different solvents as mobile phase. The samples

were collected from green and red leaves.

Thin-layer chromatography (TLC)

We used thin-layer chromatography as our next stationary phase. Silica coated on aluminium support was used for this

purpose. Just like the paper chromatography, we started with pure solvents such as hexane or ethyl acetate as the mobile

phase, and then 10% ethyl acetate in hexane or 10% acetone in hexane. Even though the trend of elution was similar for

both the stationary phases (paper and silica on aluminium), the extent of elution and the separation were different for

different stationary phases. But in general, separation seemed to be better for TLC as spots were not tailing and were well

separated. But the issue of eluding the red spot along with the other ones still remained for all the solvent compositions

tried till this point.

Based on our knowledge from the paper chromatography experiments discussed in the previous section, we included the

polar solvent mixture of 50% isopropyl alcohol-water to the hexane-ethyl acetate-acetone mixture. The composition of the

solvent mixture was chosen in such a way that it can dissolve both the polar and nonpolar pigments and elude them

sequentially. As seen from the paper chromatography, water was essential to move the red spot when combined with

isopropyl alcohol. We wanted to test if the presence of water can move the red spot for TLC as well. Hence, we prepared

a mixture with the composition of hexane:ethyl acetate:acetone:isopropyl alcohol:water = 6:1:1:1:1. We found that this
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composition was indeed highly efficient in eluding all the photopigments through the stationary phase and the separation

was found to be better in case of TLC compared to paper chromatography (Figure 2). To characterize different

photopigments separated using the chromatographic technique, we calculated their retention factor (Rf) values from the

TLC. Rf values of the photopigments from a typical TLC run are given in Table 1.

Figure 2. Representative images of some of the TLC experiments

done using different solvents as mobile phase. The samples were

collected from green and red leaves. The solvent system

hexane:ethyl acetate:acetone:isopropyl alcohol:water = 6:1:1:1:1

was found to be best suited to elude all the photopigments

separately (image on the right)

Order from top of
TLC

Color
Retention factor
(Rf)

Probable photopigment

1 Orange 0.97 Carotene

2 Greyish green 0.89 Pheophytin

3 Dark green 0.79 Chlorophyll-a

4 Light green 0.71 Chlorophyll-b

5 Yellow 0.66 Xanthophyll

6 Red 0.10 Anthocyanin

Table 1. Different bands observed during the separation of photopigments

using TLC

Isolation and characterization of the separated photopigments
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Once the photopigments were separated, we wanted to isolate them and then characterize them. To achieve that, we

loaded the extracts on the TLC plates with excess amounts and then let the TLC run using the aforementioned solvent

system (Figure 3-A and 3-B) [22]. Once the spots were well separated, the spots along with the silica were scratched off

the plate using a small pipette tip and were transferred to small Eppendorf tubes. Then 1-1.5 mL of isopropyl alcohol was

added to the Eppendorf tubes to dissolve and extract the photopigments. Extracted pigment fractions were used for UV-

Vis spectroscopy.

The UV-Vis spectroscopic data of all the photopigments were collected and matched with the reported ones. Chlorophyll-

a, chlorophyll-b, and pheophytin showed characteristic dual peaks (Figure 3-C) [23]. The peaks from both chlorophyll-a

and pheophytin were around 400 and 680 nm, whereas the peaks from chlorophyll-b were around 450 and 650 nm. Due

to low concentration, the absorbance values of xanthophylls and ß-carotene were low, but characteristic peaks for both of

them were obtained from the UV-Vis spectroscopy spreading from 350-500 nm (Fig. 3-D) [24]. Anthocyanin exhibited

typical absorbance peaks around 200-400 nm (Fig. 3-E) [25].

Figure 3. TLC images of pigments extracted from A) green leaves, and B) red leaves. These TLC plates were

used for the isolation of individual photopigments that were used for UV-Vis spectroscopy. Panel C, D, and E

exhibits the UV-Vis absorption spectra for the isolated photopigments.
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Discussion

In this study, we wanted to develop a solvent system that can separate the polar plant pigments from the nonpolar ones

using planar chromatographic methods. Separation of these pigments can be a complex process, involving a few pieces

of equipment/instruments, and is often expensive. Hence, planar chromatographic techniques such as paper or thin-layer

chromatography are preferred under certain circumstances. Planar chromatographic techniques are easy to carry out,

convenient, sensitive, and inexpensive and yet serve the main purpose of separating components from a mixture in a very

basic lab setting [4][5][13][14]. One major advantage of planar chromatography is the ability to analyze multiple samples in

the same run. It also requires less volume of samples and less run time to conduct the separation. Even though both

paper and thin-layer chromatography techniques have been employed over the years, to this date, most of these

techniques focused mostly on separating the nonpolar plant pigment mixture, and not a mixture of polar and nonpolar

pigments [4][13][14]. In most of the studies, anthocyanins did not move at all from the baseline due to their highly polar

nature. In one study, it was claimed anthocyanins moved after β-carotene and chlorophylls, but before xanthophylls when

a mixture of hexane, acetone, and chloroform (3:1:1) [18]. Unfortunately, we could not reproduce this result in our lab as

anthocyanins did not move at all, but xanthophylls did. This discrepancy could be probably due to the nature of

anthocyanins and xanthophylls explored in the original study, or some variances in the experimental conditions. Moreover,

the separation was not great either, and the spots were tailing.

In our study, we found that no pure solvents (mobile phase) were able to differentiate between the photopigments. Either

they did not travel at all or some of them traveled together on paper making it impossible for us to distinguish between

different spots. The trickiest factor leading to this problem was the nature of the photopigments. It is well established that

the green, yellow/orange, and red colors of leaves are due to the presence of chlorophylls (a and b), xanthophylls, ß-

carotene, and anthocyanin, respectively. Out of these pigments, chlorophyll a and b, xanthophylls, and ß-carotene are

highly nonpolar in nature, whereas anthocyanin is highly polar [26]. Except for anthocyanin, which is hydrophilic in nature,

all the other plant pigments mentioned here were hydrophobic. As a result of that, except for anthocyanin, all the other

pigments are highly soluble in nonpolar solvents like hexane and some other polar organic solvents (ethanol, acetone,

etc.). On the other hand, anthocyanin is highly soluble in water, methanol, ethanol, etc. but insoluble in highly nonpolar

solvents such as hexane. So, it was clear we needed to find a proper blend of polar and nonpolar solvents to elude all the

photopigments. Pure hexane (nonpolar) or mixtures of hexane with polar solvents such as ethyl acetate or acetone were

able to elude the nonpolar photopigments, but not anthocyanin. Interestingly, pure water or pure IPA was not able to

elude anthocyanin individually, but a 50% mixture of IPA in water did. But the 50% IPA-water system also eluded the

nonpolar pigments clubbed together, making it impossible to separate them. We also noticed that the pigments were

tailing in the paper chromatography, even if they are moving across the paper. Hence, we shifted to thin-layer

chromatography using the same solvent systems. We found that for TLC, the pigments were now well isolated as distinct

and concentrated spots, and not tailing, making it ideal for separation and detection. This is perhaps due to the

differences in the nature of the materials, as cellulose and silica are the primary constituents for paper chromatography
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and TLC, respectively. The properties of these ingredients, as well as the texture, might have played a key role in this

case.

Next, we decided to try out a wide range of solvent systems (consisting of hexane, ethyl acetate, acetone, isopropyl

alcohol, and water in different proportions) to fine-tune the elution process using TLC. We observed that a solvent

composition of hexane:ethyl acetate: acetone:isopropyl alcohol:water = 6:1:1:1:1 was able to dissolve and elude both the

polar and nonpolar pigments in a sequential manner so that they were all well separated. The nonpolar ones travelled

first, and polar anthocyanin started moving only after the nonpolar ones. As anthocyanin, unlike the others, had both polar

and nonpolar ends, both types of solvents were needed for the mobile phase.

As the first step of characterization, we assigned the types of photopigments based on the color of the photopigments

(table 1). We then calculated and compared their Rf values to further characterize the pigments as reported in the

literature. We focused on the major bands that we observed during the chromatographic separation. From the top, these

bands are for ß-carotene (orange), pheophytin (greyish green), chlorophyll-a (dark green), chlorophyll-b (yellowish green),

xanthophylls (yellow), and anthocyanin (red). To further characterize these bands using analytical techniques, we

separately scratched the silica-containing pigments and dissolve them in IPA. We recorded the UV-Vis absorption spectra

using each separated fraction and compared them with the literature. Our data showed that we were able to isolate and

purify all six major photopigments present in the leaves chosen for this study. As we only collected green and red leaves

for this analysis, the major photopigments were chlorophylls and anthocyanins, respectively. This is also reflected in the

absorption spectra as absorbance values of ß-carotene and xanthophylls were relatively low, perhaps due to low

abundance leading to lower concentrations. It should also be noted that even though the copperleaf was primarily red in

color, still some of the other pigments were still present in it as evident from Figure 2-B, albeit in lesser amounts.

Conclusion

To explore the structures and properties of the plant photopigments, it is essential to isolate them in their pure forms.

Different strategies have been adopted in the past for this, and some of them are expensive and complicated in nature,

while others are simple, convenient yet effective. Planar chromatography techniques (i.e. paper and TLC) belong to the

latter category. Reports available in the literature successfully separated the nonpolar plant pigments using the planar

chromatographic techniques, but not from a mixture with the polar ones. In this study, we conducted a series of

experiments using both paper and thin-layer chromatography and reported a novel solvent composition that can be used

to separate the nonpolar component from the polar ones using TLC. After trying out several solvent compositions in both

parallel and sequential manners, we found that a mixture of hexane:ethyl acetate:acetone:isopropyl alcohol:water =

6:1:1:1:1 is suitable for this purpose. In addition to the colors and Rf values, we characterized the pigments through UV-

Vis absorption spectra as well.

One major limitation of the planar chromatographic technique is its incapability to handle a large amount of sample. Also,

the quantification of samples is much more suited for sophisticated techniques such as HPLC than paper or thin-layer
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chromatography. Having said that, the ease and simplicity of planar chromatographic techniques give them a definite

edge based on the nature of the application. Hence, this method reported here has the potential to be beneficial for certain

research activities where qualitative isolation of the plant pigments is sufficient. This also could be impactful for

educational purposes for teaching the students several concepts such as plant pigments, polar and nonpolar compounds,

and different chromatographic techniques. Moreover, the solvent composition reported here can also lead to identifying

the suitable solvents for HPLC for the same purpose in case of further quantification with more precision or handling a

large quantity of samples containing the pigments.

In the future, a significant focus will be on isolating the other photopigments present in these extracts in addition to the

major ones mentioned here and further optimization might be needed to achieve that. Also, in addition to the green and

red ones, yellow leaves will also be explored. Yellow leaves might give us more information about the different types of

carotenoids and xanthophylls. Finally, characterization will also be done using a suitable mass spectroscopic method.
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