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Abstract. Eutectic Based Ionic Liquids (EILs) are a new alternative to conven-

tional ionic liquids which are considered cheaper, more environmentally friendly 

and biodegradable for use as a solvent in the chemical process of lignin.  The aim 

of this research is to study the chemical process of lignin dissolution and delig-

nification of biomass waste containing lignocellulose such as coconut fiber using 

cholinium chloride based EILs. The EILs were synthesized by a simple heating 

method using choline chloride with oxalic acid (CO) and ZnCl2 (CZ) . The syn-

thesized EILs were then characterized using FTIR and NMR and their density 

was measured. The results show that the synthesized EILs have a density of 

1.2864 g/cm3 and 1.7526 g/cm3 for CO and CZ EILs, respectively. FTIR and 

NMR studies on EILs confirmed that EILs were successfully synthesized. The 

solubility of synthesized EILs in lignin and cellulose was 42.03%; 5.44% and 

32.51%; 7.73% for EILs CO and CZ respectively. The results of delignification 

of coconut fiber show that lignin from coconut fiber can be dissolved, indicated 

by changes in the color of EILs after delignification and separation. FTIR studies 

confirmed that the delignified lignin was shown to be at peak intensity in 1700-

1400 cm-1 as the characteristic peak of lignin and NMR studies showed that there 

was a part of lignin that appeared in the NMR spectrum. The characteristics of 

coconut fiber after delignification show an increase in intensity for the functional 

groups present in cellulose, as shown by the FTIR results. 

Keywords: Cholinium Chloride, Delignification, Eutectic Ionic Liquids, Lig-

nin, Oxalic Acid, Zinc Chloride. 

1 Introduction 

Biolignocellulose is the most abundant source of renewable biomass in nature, but its 

commercial use value is much lower than expected even though biolignocellulose is a 

valuable chemical [1]. Bio lignocellulose can be used to produce fuel, chemicals and 

natural derivative materials that have added value. Bio lignocellulose is generally found 

in plant cell walls
 
[2–5]. This characteristic is what makes researchers classify biomass 
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as an alternative source of energy production that can meet global energy demand 

because biomass is a sustainable, renewable and environmentally friendly energy 

source such as sunlight, wind and water [6–9]. In this case, agricultural waste is a source 

of energy-producing biomass that is considered valuable [10, 11]. Biomass as an energy 

reserve for the environment takes up 12.83% of space and it is hoped that its use will 

continue for the next few decades [12]. 

Most biomass is produced from planting, harvesting, processing and consuming ag-

ricultural or agricultural products. The resulting residue is waste that has added value 

if it is processed properly and not just thrown away. Plant residues, which can be 

sourced from bananas, fruit peels, coconuts, rice husks, bagasse, corn cobs, and others, 

are materials that are suitable as sources for thermal and chemical processing [13–18]. 

The main components that form the cell walls of plants that produce lignocellulosic 

biomass are cellulose, hemicellulose and lignin [19]. 

Lignin is the second most abundant organic carbon after cellulose in the biosphere. 

Lignin has great potential as a substitute for natural oil-based materials and energy 

because of its chemical function. Apart from that, lignin also has the potential as an 

environmentally friendly raw material for adhesives, fertilizers, strengthening phases 

for polymer systems, substitutes for polymers from petroleum such as phenolic resins, 

adhesives and polyolefins, and others [20–26]. However, the complex structure of 

lignin makes its conversion and use as a good chemical a process that requires high 

costs and energy [27]. 

Over the past few years, ionic liquids have gained a lot of popularity and attention 

in this regard [28]; however, concerns regarding by-products resulting from 

pretreatment technologies, the high cost of ionic liquids and the unknown long-term 

toxicity of many of these solvents have been barriers to their scale-up and 

commercialization [29]. Therefore, eutectic ionic liquids (EILs) or also known as deep 

eutectic solvents (DES), as a new solvent that is environmentally friendly and 

inexpensive, has attracted much attention from researchers to overcome various 

problems with conventional ionic liquids (ILs). Similar to ILs, EILs have interesting 

properties including low volatility, non-flammability, high conductivity values, and 

many other unusual properties of these solvents [11]. 

EILs are a new generation of solvents designed to be environmentally friendly with 

lower costs and better environmental properties compared to conventional ionic liquids. 

Thanks to their excellent properties as solvents, they have been used for dissolution, 

pretreatment and chemical modification of lignocellulosic biomass [30–36]. The 

advantage of these EILs in lignocellulose compared to pretreatment with dilute acids is 

their ability to be used at high temperatures without requiring high pressure [37]. These 

EILs constitute a new group of solvents that can deconstruct biomass waste. On the 

other hand, these EILs/DES have also been successfully used in lignin solubilization in 

high yields using eutectic mixtures of cholinium chloride and hydrogen bond donors 

such as resorcinol and lactic acid. In treatment using EILs, a significant number of the 

main bonds in lignin can be broken down, resulting in a dissolved lignin fraction [13, 

14, 38]. 

From previous research (Lian et al., 2015), DES type IV (hydrogen bond donor + 

metal halide) made from urea and zinc chloride can not only act as a solvent for lignin, 
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but also ZnCl2 is integrated into the lignin. During the dissolution and subsequent 

precipitation of lignin, ZnO is formed in its polymer network, resulting in 

functionalizable products, however, the solubility of lignin in this particular DES is low 

due to the high viscosity of urea-zinc chloride DES at room temperature and its special 

solvation properties. In addition, the integration of Zn into lignin in the form of ZnO is 

limited to certain applications. To overcome these shortcomings, DES made from 

choline chloride and zinc chloride represent a better choice considering their lower 

viscosity and solvation properties (due to the presence of quaternary ammonium 

cations), which will allow for an increase in the amount of dissolved lignin without 

compromising the ability of DES to lignin functionalization (Abbott et al., 2005; Garcia 

et al., 2010), for example, utilizes Zn-based DES by fractionating/depolymerizing and 

oxidizing lignin in the presence of Lewis acidity provided by Zn (Abbott et al., 2001, 

2002 ; Vigier et al., 2015) so that (i) Zn remains in the DES solvent after initial 

treatment (for example, DES can be regenerated) and (ii) the modified lignin can be 

easily recovered after the addition of antisolvent (for example, water). 

In this research, two eutectic ionic liquids will be synthesized using ammonium 

cholinium chloride salt, with hydrogen bond donors and metal halides respectively, 

namely oxalic acid and ZnCl2 with extraction capabilities for lignin. These two eutectic 

ionic liquids will be used as solvents for the delignification process of coconut fiber. 

The two synthesized eutectic ionic liquids were then characterized using 1H NMR, 13C 

NMR, FTIR, and their densities were measured. The synthesized ionic liquid was used 

further in the delignification process and studied in this research, and was further 

characterized using FTIR and NMR. 

2 Method 

The materials used in this research included choline chloride (Sigma Aldrich), zinc 

chloride (Sigma Aldrich), kraft alkaline lignin (Sigma Aldrich), PDB Broth [Potato 

Dextrose Broth] (HiMedia Laboratories), bacteriological agar no. 1 (Oxoid), anhydrous 

oxalic acid (Sigma Aldrich), local coconut fiber samples, distilled water, and technical 

grade methanol. All materials used are analytical grade and molecular biology grade 

unless stated. 

2.1 Synthesis of Eutectic Ionic Liquids 

Synthesis of eutectic ionic liquids is carried out using a simple heating method, namely 

each component of ammonium salt and hydrogen bond donor or metal halide is added 

to a Schlenk tube equipped with a magnetic stirrer and then heated on a hotplate with a 

sand bath at a temperature of 85-100 °C until a clear homogeneous liquid is formed. 

The synthesized EILs liquid was transferred to a vial, tightly closed and stored in a 

desiccator before and after being used for storage. 
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2.2 Density Measurement 

The density of the synthesized EILs was determined using a pycnometer with a volume 

of 5 cm3. The volume of the pycnometer was calibrated first using distilled water at 26 

°C. The density of all EILs was measured by measuring the pycnometer in a water bath 

equipped with a thermometer. All EILs densities were measured at 26°C. 

2.3 Measurement of Maximum Solubility of Kraft Lignin and Cellulose 

Solubility determination was carried out for alkali kraft lignin and α-cellulose as a 

preliminary test to obtain information on the percent solubility of each constituent 

present in lignocellulose in all synthesized EILs. About 2–4% w/w of lignin and 

cellulose was added to 4 g of EILs. The percent solubility of lignin and cellulose is 

measured by weighing the dissolved mass of each constituent in a certain weight of the 

synthesized EILs using the equation 1. 

 % 𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑐𝑜𝑛𝑠𝑡𝑖𝑡𝑢𝑒𝑛𝑡𝑠

𝑚𝑎𝑠𝑠 𝑜𝑓 𝐸𝐼𝐿𝑠 𝑢𝑠𝑒𝑑
 × 100% (1) 

2.4 Measurement of Maximum Solubility of Kraft Lignin and Cellulose 

Coconut fiber samples were dried first for 1 hour using an oven at a temperature of 100 

°C. The dried coconut fiber powder was ground using a blender, then the blended 

coconut fiber sample was further ground using a mortar and pestle. Samples of finely 

ground coconut powder were sieved using siever to a size of 140–200 mesh. The fine 

coconut fiber samples that had previously been sifted were then mixed with EILs (with 

a mass ratio of 1:20) in a Schlenk tube in a sand bath and heated at a temperature of 

95–100°C for 24 hours. After the lignin extraction or delignification process is carried 

out for 24 hours, the solid residue and liquid fraction are separated using a centrifuge. 

Centrifugation was carried out at 3600 rpm for 20 minutes, the EILs fraction containing 

lignin was separated into closed vials referred to as LSKCO for the choline-oxalate 

(CO) EILs fraction containing lignin and LSKCZ for the choline-ZnCl2 (CZ) EILs 

fraction containing lignin. The solid residue was washed using methanol and then 

centrifuged again at 3600 rpm for 5 minutes several times until the solid residue washed 

with methanol was colorless. The solid residue that has been washed several times is 

dried in an evaporation cup and allowed to dry at room temperature for several hours 

and then heated for 1 hour in the oven. The dried solid residue is stored in a closed dry 

container and is referred to as SKCZ and SKCO for delignified solid residue using EILs 

CZ and CO, respectively. 

2.5 Characterization 

FTIR. Infrared spectra for all these samples were measured using an FTIR-8400S 

spectrometer (Shimadzu Europe). Infrared spectra were recorded over the range 4000 

– 400 cm-1.  
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NMR. NMR spectra were recorded using an Agilent 500 MHz spectrometer with a 

DD2 console system, operating at frequencies of 500 MHz for 1H and 125 MHz for 13C. 

Samples were measured using DMSO-d6 solvent at sample amounts of 70-300 mg.  

3 Results and Discussion 

3.1 Synthesis of Eutectic Ionic Liquids 

EILs consist of hydrogen bond acceptors and hydrogen bond donors. In this research, 

EILs were synthesized with ammonium salt cholinium chloride (ChCl) as a hydrogen 

bond acceptor (HBA) and ammonium salt. Choline chloride was chosen because of its 

good properties in interacting with lignin oligomers [11], while oxalic acid and zinc 

chloride (ZnCl2) are used as hydrogen bond donors (HBD) and metal halides, respec-

tively. The synthesis of EILs was carried out by heating the components for several 

hours at a temperature of 90°C accompanied by a stirring cycle of 500 rpm. The syn-

thesis results show that EILs are in the form of a clear, thick, colorless homogeneous 

liquid with a characteristic odor. Fig. 1 shows the synthesis results of CO and CZ EILs.  

 

Fig. 1. Synthesis results of EILs CO (left) and CZ (right). 

In this study, the molar ratios of the two EILs ChCl-oxalic acid (CO) and EILs ChCl-

ZnCl2 (CZ) were 1:1 and 1:2, respectively. This selected molar ratio is the most 

commonly used ratio in many studies on EILs [39–41]. In CO EILs, a 1:1 ratio is used 

because oxalic acid is a dicarboxylic acid, which shows that for this system, eutectic 

occurs at 50% mole of the acid which can be achieved with a 1:1 ratio at which ratio 

the complex between the acid and the chloride ion occurs or can bridge acids between 

neighboring chloride ions [42]. Because the complex occurs in a 1:1 ratio, in this topic 

of delignification, a 1:1 ratio for EILs CO is a good ratio to be able to dissolve lignin 

in lignocellulosic materials. [11, 36]. In EILs CZ, a ratio of 2:1 is used because the 

mixture of cholinium chloride and zinc chloride has a eutectic composition at a molar 

ratio of 1:2, where at a mole fraction of 66-67%, both have a low freezing point 

compared to other ratios, so they are most suitable to be used in a 1:2 ratio [43].  
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Oxalic acid is used as a hydrogen bond donor because of its intermolecular forces 

which form a type of dipole-dipole attraction of hydrogen, especially hydrogen in the 

hydroxyl found in oxalic acid with the Cl- ion from choline chloride. Due to its acidic 

nature, strong hydrogen bonds will accept Cl- ions, so that when these strong hydrogen 

bonds are formed, the results will be effective in disrupting the intermolecular hydrogen 

bond network in the biomass and therefore can dissolve more lignocellulosic 

components [44, 45]. 

In the case of ZnCl2, as a hydrogen bond acceptor, in EILs, intermolecular hydrogen 

bond interactions occur between Cl- ions as hydrogen bond acceptors and hydrogen 

from cholinium chloride as the donor. In addition, in previous research, ZnCl2 and urea 

could not only dissolve lignin, but also ZnCl2 was integrated into the lignin. Upon 

dissolution of lignin, ZnO is formed in the polymer network, producing a product that 

can be functionalized. Moreover, the mechanism of biomass delignification using DES 

is due to the ability of DES to selectively cut ether bonds between phenylpropane units 

in lignin without affecting the C-C bonds, while the use of ZnCl2 as HBA in 

delignification only has a small effect on the substitution of aromatic rings in lignin, so 

it is good to use as a solvent in delignification [41, 46]. 

Density determination of both EILs was carried out to further characterize the 

synthesized EILs and confirm them by comparing the obtained density values with 

densities from the literature. From the results of density determination carried out using 

a distilled water calibrated pycnometer with a volume of 5 cm3, the densities for EILs 

CO and EILs CZ are respectively 1.2864 g/cm3 (26 °C) and 1.7526 g/cm3 (26 °C). The 

density data for the CO EILs found are 1.282 g/cm3 (25 °C) [47]. These differences 

cannot be compared directly because the two density values were measured at different 

temperatures. However, in general, the experimental density data carried out can 

confirm that EILs CO was successfully synthesized because the values only differ by 

around 0.004 g/cm3. In addition, differences in these measurements can be caused by 

different instruments used to measure density. The density values from this experiment 

can confirm that CO EILs were successfully synthesized. 

For CZ EILs, because the specific density data for EILs are very limited and varied, 

and data in the literature discussing the density of ChCl-ZnCl2 EILs were not found, 

the density data from the above experiments cannot be compared. However, in general 

the density of EILs which have been reported to have a higher density than water is in 

the range of 1.0 to 1.6 g/cm3, with EILs based on metal salts having density values in 

the range 1.3-1.6 g/cm3
 [48, 49]. From the high density for metal salts, this is expected 

given the high density of the experimental results (1.7526 g/cm3 at 26 °C). The high 

density measured can probably be explained from the hole radius theory, when a density 

becomes high, the average hole radius decreases, thereby reducing the mass transport 

properties that can be carried out and ultimately increasing the viscosity. In research 

conducted by Abbott in 2004, the viscosity of EILs/DESs and ionic liquids was 

included in the hole theory model. 

The void that results from a liquid when it melts has random sizes and its position is 

in constant motion. This theory states that an ion can only move in an ionic liquid if the 

ion is close to a hole of the same size or larger. Ionic liquids have high viscosity because 

the average size of an ion is 0.4 nm while the average hole radius is only about 0.2 nm. 
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Therefore, only a small fraction of the ions in an ionic liquid are moving at any one 

time due to the lack of holes of suitable size. From this theory, if we consider viscosity 

as a measure of the ease with which a species moves in a fluid, we would expect that 

fluids containing species of similar sizes, with similar densities, would have similar 

viscosities. Thus, the [Ch+] cation present in the system is a cation with a smaller size 

than the cation found in the donor/ZnCl2 system in the literature (above it was 

mentioned that the density of EILs containing metal salts has a high value of 1.3-1.6 

g/cm3, where in this case it is urea/ZnCl2 with the highest density of 1.6 g/cm3 and urea 

is HBD, while ZnCl2 is HBA), therefore, in this case where cholinium chloride is HBA, 

with the [Ch+] cation having a larger size is small compared to urea, as a result it will 

have a higher viscosity, and because of the high viscosity, it would be expected that CZ 

EILs have a high density as well [50]. Table 1 summarizes well the synthesis and 

density determination results from these experiments. 

Table 1. Synthesis Results and Density Determination 

HBA/ Amonium 

Salts 

HBD/Metal 

Halide 

Molar 

Ratio 
Physical Characteristics 

ρa 

(g/cm3) 

ChCl Oxalic acid 1:1 
Colorless homogeneous vis-

cous liquid 
1.2864 

ChCl ZnCl2 1:2 
Colorless homogeneous vis-

cous liquid 
1.7526 

aExperimental results measured at temperature 26 °C. 

3.2 Measurement of Maximum Solubility of Kraft Alkali Lignin and Cellulose 

The maximum amount of alkaline kraft lignin and cellulose for each synthesized EILs 

(CO & CZ) is shown in Table 2. The solubility of lignin in both EILs can be said to be 

quite good. Of the two synthesized EILs, EILs CO is better at dissolving lignin 

compared to EILs CZ as seen from the percent solubility, while the percent solubility 

of cellulose in both EILs can be said to be significantly low with a percent solubility 

below 10%. This shows that both EILs can be used as solvents that have great potential 

in dissolving lignin from lignocellulosic biomass.  

Table 2. Maximum Solubility of Alkali Kraft Lignin and Cellulose in EILs 

EILs Alkali Kraft Lignin Cellulose 

CO (ChCl-Oxalic. Ac) 42.03% 5.44% 

CZ (ChCl-ZnCl2) 32.51% 7.73% 

 

Based on Table 2, CO EILs are almost 10% better at dissolving lignin. This can 

occur because the presence of hydrogen bonds in the eutectic solvent impacts the ether 

bonds in lignin, which reduces the energy required for their cleavage, and the lignin 

molecules will dissolve in the EILs [51]. The solubility of lignin in acidic EILs is higher 

than in basic EILs, because hydrogen bonds are stronger in acidic EILs. The hydrogen 

bond between the carboxylic acid and the chloride ion in EILs CO is a strong hydrogen 
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bond. However, it is interesting to note that on the contrary the solubility of cellulose 

is greater in CZ EILs than in CO EILs. In addition, this can occur because the carboxyl 

groups (-COOH) can easily react with the hydroxyl groups (-OH) on cellulose to form 

cross-linked monoesters or diesters. The diester formed can prevent cellulose from 

dissolving in acid hydrolysis and therefore increases the solubility of lignin [51]. The 

absence of a carboxyl group in ZnCl2 to form a diester with cellulose is what causes the 

slightly higher solubility of cellulose in EILs CZ compared to EILs CO. 

3.3 Delignification of Coconut Fiber 

The result of delignification is in the form of two types of phases, namely the liquid 

phase and the solid phase. The liquid phase is EILs CO and CZ which contain the 

dissolved lignin fraction and are named respectively as LSKCO and LSKCZ, while the 

solid phase is the residual residue resulting from the separation of the dissolved lignin 

fraction in EILs (liquid phase) which is rich in cellulose (also known as cellulose rich 

residue). This solid residue is coconut fiber left over from delignification after drying. 

This solid residue is given the terms SKO and SKZ respectively for the remaining solid 

residue resulting from delignification by EILs CO and EILs CZ. Fig. 2 shows the 

physical form of the liquid phase and solid phase. 

 

Fig. 2. Physical Forms of Liquid Phase (Left) and Solid Phase (Right) 

(a) LSKCZ, (b) LSKCO, (c) SKZ, and (d) SKO. 

From the results of the synthesis and separation, the liquid phase containing lignin 

has a brownish color for LSKCZ and a dark red color for LSKCO. It should be noted 

that the two synthesized EILs are homogeneous colorless liquids, so this color change 

indicates that the EILs have successfully dissolved lignin. Lignin is a biomass that is 

rich in aromatic rings basically because it contains phenylpropane units. Lignin also 

contains functional groups that can absorb UV such as phenolics, ketones and other 

chromophores [52]. As we know, the part of the molecule that plays a role in the color 

of a compound is a chromophore, and this chromophore is a characteristic of the 

functional groups in lignin, including phenolics or ketones [53]. Chromophores in 

lignin generally include quinonoids, catechols, aromatic ketones, stilbenes, carbonyls 

conjugated with phenolics, and metal complexes [54]. 
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In lignin, the contribution to color formation is mainly provided by the syringyl and 

guaiacyl units. Syringil absorption plays a role in forming a red-purple color at a 

wavelength of 270-273 nm, while the guaiacyl unit plays a role in forming a yellow-

brown color because it can absorb UV light at a wavelength of 280-282 nm. The color 

of lignin depends on the color mixture of the chromophore groups that make it up [53]. 

Therefore, the occurrence of color changes in the liquid phase resulting from 

delignification after separation is initial evidence that lignin has been extracted and 

dissolved from coconut fiber. 

3.4 FTIR Characterization 

EILs CO. FTIR characterization was carried out to study and determine the changes 

that occur due to hydrogen bonds formed between choline chloride and hydrogen bond 

donors. Fig. 3 shows the FTIR spectra of the compounds choline chloride (ChCl), oxalic 

acid, and CO EILs. 

In choline chloride, the broad peak in the region 3643–3255 cm-1 is a typical peak 

for the stretching hydroxyl (OH) group which is usually associated with the OH-Cl- 

group of choline chloride. The sharp peak at 1481 cm-1 is a typical peak for C-N bond 

stretching in choline chloride and is one of the characteristic features for identifying 

ChCl. Another sharp peak in choline chloride is the peak at 1085 cm-1 which indicates 

C-N vibrations. There is another typical peak that is correlated with choline chloride, 

namely a peak in the range 980-870 cm-1, which appears right at the peak at 958 cm-1, 

which is typical for quaternary ammonium, which is found in ChCl [55–57].  

In oxalic acid, the characteristic peak is 3504-3420 cm-1 which indicates the 

stretching area of the OH group in oxalic acid, which is typical for carboxylic acids 

forming strong bonds in the dimer ring through intermolecular hydrogen bonds between 

C=O and the O-H group. The peaks 1617 cm-1 and 1255 cm-1 in oxalic acid were 

correlated with the stretching of C=O and C—O respectively which can be used to 

identify the presence of free oxalic acid in CO EILs. The next peak which is 

characteristic for oxalic acid is at 1438 cm-1 with this peak indicating the O—H bending 

group for carboxylic acid and the peak at 720 cm-1 is the peak for C=O stretching in 

oxalic acid [56, 58]. 
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Fig. 3. FTIR spectra of (a) Oxalic Acid, (b) Choline Chloride, and (c) EILs CO. 

The reappearance of these peaks as well as other peaks which may not have been 

mentioned but appear to have shifted, such as the peak at 685 cm-1 in EILs CO (Fig. 3), 

indicates a shift caused by the presence of hydrogen bonds formed between the constit-

uents of EILs CO. 

EILs CZ. Fig. 4 shows the FTIR spectra of ZnCl2, choline chloride, and CZ EILs. As 

explained above, some of the peaks that have been described will be similar to the peaks 

in this spectrum. In the FTIR spectrum of choline chloride, the wide peak in the region 

3643-3279 cm-1 indicates a stretching OH group, followed by a sharp peak at 1481 cm-

1. 1 is a typical peak for C-N bond stretching in choline chloride, another sharp peak in 

choline chloride is the peak at 1085 cm-1 which still indicates C-N vibrations. The peak 

at 958 cm-1 which is in the range 980-870 cm-1 remains characteristic of choline 

chloride, namely the peak for the presence of quaternary ammonium [55–57]. In the 

ZnCl2 spectrum, the OH peak appears sharply at 3589 cm-1, another characteristic 

appears at the peak at 1608 cm-1 which represents H-O-H bending which is the 

hydrate/hygroscopic nature of ZnCl2. Metal halides show a peak at 750-100 cm-1, in 

this spectrum the typical peak for metal halides is at 503 cm-1 which is correlated with 

Zn-Cl stretching [59]. 

The EILs CZ spectrum is a combination of both constituents. In EILs CZ, the OH 

group appears to appear in the form of a wide peak in the range of 3600-3200 cm-1. The 

widening of this peak indicates that there are hydrogen bonds between donors and 

acceptors formed between ChCl and ZnCl2. The peak at 1622 cm-1 is the peak for H—

O—H bending which shifts from its constituents with peak sharpening, this 

phenomenon can be correlated with the formation of many strong O-H·O and O-H·Cl 

bonds in the CZ EILs. The peak for Zn-Cl experienced a shift in EILs CZ, which 
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appeared at the peak at 489 cm-1 [60]. This shift indicates the formation of hydrogen 

bonds between HBA and HBD [61]. 

 

Fig. 4. FTIR spectra of (a) ZnCl2, (b) Choline Chloride, and (c) EILs CZ. 

LSKCO and LCO. FTIR spectra were taken on EILs containing the lignin fraction 

from delignification using EILs CO (LSKCO) to determine the presence of lignin from 

delignification in EILs CO, which was then compared with the FTIR spectra for EILs 

CO containing dissolved lignin (LCO). Fig. 5 shows the two spectra superimposed on 

each other with LSKCO given a black line and LCO as a comparison given a slightly 

transparent red line. 

 

Fig. 5. LSKCO and LCO FTIR spectra. 
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From the spectra results, not much has changed in the peaks of the lignin structure, 

and almost all peaks appear in relatively the same area as EILs CO containing dissolved 

lignin (LCO), however in LSKCO it can be seen that several peaks have intensities that 

tend to be weaker . As shown in Fig. 5, the peak in the 3600-3300 cm-1 area is the peak 

for the hydroxyl group in both LCO and LSKCO. The peak for -CH stretching in both 

lignin in EILs is shown in the area (2960–2800 cm-1) for stretching aliphatic chains and 

O-CH3 groups, the characteristics of lignin are found in the benzene or aromatic ring 

framework of lignin which is depicted in the peaks in 1743, 1647, and 1462 cm-1. The 

peak at 1463 cm-1 was correlated to C-H deformation combined with aromatic ring 

vibrations, indicating that the separated part was a lignin component. Therefore, the 

skeletal structure of the benzene ring is not destroyed and remains. The peaks at 1180 

and 1066 are peaks that are respectively correlated with the guaiacyl ring because these 

peaks are peaks for C-O-C ether bonds and C-H bending vibrations in carbohydrates, 

which at the peaks are quite low, indicating the low content of carbohydrates and the 

purity of the extracted lignin is quite high. The next peak which is characteristic of 

lignin is at 856 cm-1 which is correlated with the vibration of C-H which is bound to 

the benzene ring [51, 62–64]. 

LSKCZ and LCZ. The FTIR spectra of EILs containing the lignin fraction resulting 

from delignification using EILs CZ (LSKCZ) were also compared with the FTIR 

spectra of lignin dissolved in EILs CZ (LCZ). Fig. 6 displays the FTIR spectra for 

LSKCZ and LCZ. 

 

Fig. 6. FTIR spectra of LSKCZ and LCZ. 

From the FTIR spectrum, similar to the previous one, there are not many peaks that 

change, in fact the peaks in LSKCZ tend to be almost entirely the same as the LCZ 

peaks, which is an initial indication that lignin is present in EILs CZ in the form of 

fractions as evidenced from this spectrum. The broad peak in the 3600-3100 cm-1 region 
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is completely correlated with the OH stretching group in both types of spectra which 

may result from some phenolics or aliphatics. The sharp peaks at 1612 cm-1, 1465 cm-

1 are characteristic of the characteristic framework for benzene or aromatic rings with 

their characteristic C=C vibrations. The peak at 2551 cm-1 is correlated to the alkane C-

H stretching. The peak at 1356 cm-1 is weakly correlated to C-O stretching of the 

syringyl (S) region. Furthermore, the peak at 1269 cm-1 is the peak for the guaiacyl ring 

(G). The peak intensities at 1193 and 1130 cm-1 were attributed to the aromatic 

deformation of C-H in the S and G rings, and -O- in the ether, respectively. The region 

around 1193-820 cm-1 can indicate the presence of G, H, and S units. The weak peak at 

1928 cm-1 can be correlated to unconjugated carbonyls indicating that to increase the 

phenolic hydroxyl content, the number of carbonyl groups from lignin is removed. 

during the delignification process using EILs CZ, and the peak at 864 cm-1 which is 

characteristic of the vibration of C-H bound to the benzene ring can be seen in both 

spectra [46, 51, 63, 64].  

From the two FTIR spectra results in Fig. 5 and Fig. 6, it can be seen that the FTIR 

spectra for LSKCO and LSKCZ have peaks that tend to be similar to their respective 

counterparts, namely LCO and LCZ. The differences and shifts that occur can be 

correlated to the amount of lignin content which is different from its purity, different 

from the pure lignin content which has a better polymer or oligomer network without 

any bonds with lignocellulosic components such as in coconut fiber which is biomass. 

SK, SKO, and SKZ. FTIR spectra were also taken in the residual solid phase resulting 

from delignification using EILs CO and CZ, which respectively are coconut fiber 

remaining from delignification and are named SKO and SKZ. Fig. 7 shows the FTIR 

spectra for coconut fibers that have not been delignified (SK), SKO, and SKZ. 

 

Fig. 7. FTIR spectra of SK, SKO, and SKZ. 
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From the spectra results above, the wide peak in the 3500-3300 cm-1 area, precisely 

at the 3400 cm-1 peak in the spectrum, describes the stretching vibrations of the 

hydroxyl groups in lignin or carbohydrates (cellulose or hemicellulose). The higher 

frequency of this area in SKO and SKZ compared to SK is a result of non-fiber material 

being removed and therefore more hydroxyl groups being produced. The peak at 2912 

cm-1 is a peak that is correlated with C-H stretching and is very familiar to pyranoid 

rings in cellulose. The higher peaks in SKO and SKZ compared to raw SK indicate that 

EILs dissolve lignin well and not cellulose. The peak at 1741 cm-1 appears in the 

spectrum due to bending in water or it can also be correlated due to vibrations of the 

acetyl group on hemicellulose and the carboxyl group on lignin/hemiseulose. In 

general, the peak between 1650-1400 cm-1 is characteristic for the absorption of lignin. 

From the spectra it is known that in this area there are higher peaks for SKO and SKZ 

than for SK, this can occur due to the remaining solids/solid residues resulting from 

This delignification is also known as CRR or cellulose rich-residue which still allows 

residual lignin that cannot be extracted further, so it still appears as a peak. However, 

when compared with the lignin results in the previous section, it can be seen that this 

peak formed is not significant enough. The peak at 1260 is attributed to the C-O-C 

stretching of the glycosidic bonds of cellulose. The next peak is the high peak at 1040 

cm-1, this peak is correlated to the C-O-C vibration of the pyranose ring on cellulose or 

strong C-O-H stretching for cellulose. The last peak, namely the peak at 820 cm-1, is 

the peak attributed to stretching vibrations for the beta 1,4-glycosidic bonds of 

hemicellulose. [45, 51, 65–70]. These spectra results show that the peaks that appear 

are mainly formed by cellulose or hemicellulose, which indicates that CO and CZ EILs 

can properly dissolve lignin from SK. 

3.5 NMR Characterization 

EILs CO. Fig. 8 shows the NMR spectra of the CO EILs. From the spectra it can be 

seen that the peaks of CH2-N+ in choline (b) and hydrogen -CH3 in choline overlap, 

while the rest are separate and can be identified in the spectra of 1H NMR (500 MHz, 

dmso) δ = 4.63 – 4.57 (d, J=4.9, 1H, Hd), 3.82 – 3.78 (s, 2H, Hh), 3.45 – 3.40 (t, J=5.1, 

1H, Hc), 3.19 – 3.16 (s, 3H, Hb), 3.15 – 3.12 (s, 6H, Hg). In the spectrum of 13C NMR 

(126 MHz, dmso) δ = 161.50 – 161.36 (Cf), 67.49 – 67.24 (t, J=2.8, Cb), 55.56 – 55.38 

(Cc), 53.69 – 53.46 (t, J=3.8, Ca). 

The occurrence of overlapping or slight displacement of the peak in 1H NMR for 

EILs CO can occur due to dilution carried out using DMSO. However, from the spectra 

results it can be confirmed that EILs CO was successfully synthesized as indicated by 

the presence of all signals for each constituent that forms EILs CO. 
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Fig. 8. Spectra of EILs CO ([Ch]Cl:OA): (a) 1H NMR (b) 13C NMR. 

EILs CZ. Fig. 9 shows the expected NMR spectra of CZ EILs. All peaks are separate 

and identifiable for the spectrum of 1H NMR (500 MHz, dmso) δ = 5.20 – 5.14 (t, J=4.9, 

1H, Hd), 3.82 – 3.78 (s, 2H, Hc), 3.72 – 3.68 (s, 4H, Hf), 3.39 – 3.34 (t, J=5.1, 2H, Hb), 

3.11 – 3.01 (s, 8H, He). The entire signal for 13C NMR (126 MHz, dmso) also shows 

separate peaks, so it can be properly identified as follows δ = 67.56 – 67.35 (t, J=3.0, 

Cc), 55.74 – 55.59, Cb), 53.95 – 53.74 (t, J=3.8, Ca). 

 

Fig. 9. Spectra of EILs CZ ([Ch]Cl:ZnCl2): (a) 1H NMR (b) 13C NMR. 

The occurrence of overlapping or slight displacement of the peak in 1H NMR for 

EILs CO can occur due to dilution carried out using DMSO. However, from the spectra 

results it can be confirmed that EILs CO was successfully synthesized as indicated by 

the presence of all signals for each constituent that forms EILs CO. 

This spectral peak was expected for the EILs CZ spectra because the peak signal for 

the ZnCl2 constituent did not appear in the instrument used. From these results it can 

be confirmed that CZ EILs were successfully synthesized based on all signals that could 

be identified. 
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LSKCO. Fig. 10 shows the 1H NMR spectra for LSKCO. The peaks recorded for this 

spectrum are 1H NMR (500 MHz, dmso) δ 6.73, 4.58, 3.80, 3.79, 3.44, 3.42, 3.42, 3.18. 

The peak with a shift of 6.73 ppm is correlated with aromatic H in the guaiacyl unit and 

aromatic H in the syringyl unit, 4.58 ppm for carbohydrates or Hβ in β-O-4 structure, 

3.80–3.42 ppm for H in the methoxyl present in the syringyl and guaiacyl units or 

methoxyl hydrogen in the aromatic part of the lignin substructure, and 3.18 is correlated 

to Hβ in β-1 [71–73]. 

 

Fig. 10. Spectra of 1H NMR LSKCO. 

The 13C NMR spectrum for LSKCO is shown in Fig. 11. The peaks recorded for this 

spectrum are 13C NMR (126 MHz, dmso) δ 161.48, 159.01, 158.99, 67.38, 67.35, 67.33, 

63.59, 60.00, 55.48, 53.61, 53.58, 53.55, 53.38, 40.28, 40.11, 40.03, 39.94, 39.87, 

39.78, 39.70, 39.61, 39.44, 39.28. The peak with a shift of 161.48 ppm was correlated 

to the conjugated -COOH group of the unit in lignin or Benzoate C=O in p-OH-

benzoate, a shift of 159.01–158.99 ppm was correlated to C3, C4 aromatic ether or 

hydroxyl or 4F in p-OH-benzoate. The shift at 67.38–63.59 ppm is correlated with 

aliphatic Cα-O or C-β, the β-1 structure of this shift can also be correlated with C-ɣ in 

the β-5 unit. The shift at 60.00–53.38 ppm is correlated with C methoxyl in the syringyl 

and guaiacyl units or C-β pinoresinol and phenylcoumaran, besides this shift can be 

correlated with C-ɣ in the β-O-4 unit and methoxyl in the syringyl and guaiacyl units 

[72, 74–76]. 

From the spectra results, some correlation for lignin appears in the peaks or signals, 

but further correlation is a limitation in these spectra because the spectra are produced 

from the lignin fraction and not lignin that has been further purified from the fraction. 

The few peaks that appear in these spectra indicate that good lignin dissolution occurs 

due to the strong hydrogen bonds between the solvent and most of the lignin [11]. 
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Fig. 11. Spectra of 13C NMR LSKCO. 

LSKCZ. Fig. 12 shows the 1H NMR spectra for LSKCZ. The peaks recorded for this 

spectrum are 1H NMR (500 MHz, dmso) δ 5.24, 5.23, 5.22, 3.83, 3.83, 3.82, 3.82, 3.81, 

3.81, 3.80, 3.80, 3.79, 3.67, 3.39, 3.38, 3.38, 3.37, 3.37, 3.09, 2.50, 2.50, 2.50, 2.49, 

2.49. The peak with a shift of 5.24 – 5.23 ppm is correlated with Benzylic OH in β-O-

4 and β-1 or can also be correlated with Hα in the β-5 structure and noncyclic benzyl 

aryl ether, the shift at 3.83 – 3.37 ppm is correlated with H in the methoxyl present in 

the syringyl and guaiacil units or methoxyl hydrogens in the aromatic part of the lignin 

substructure, the peak in this shift can also be correlated with H-β on β-5 and H- ɣ on 

β-β, the shift at 3.23 – 3.09 ppm is correlated with Hβ hydrogen in the β-1 and β-β 

substructures, and the shift with a low peak at 2.50 – 2.49 ppm is correlated to the 

phenolic hydrogen OH or acetoxyl hydrogen in the aromatic part of the lignin 

substructure [71–73]. 

The 13C NMR spectrum for LSKCZ is shown in Fig. 13. The peaks recorded for this 

spectrum are 13C NMR (126 MHz, dmso) δ 67.28, 67.26, 67.24, 55.47, 53.61, 53.58, 

53.55. The peak with a shift of 67.28 – 67.24 ppm is correlated with aliphatic Cα-O or 

C-β, the β-1 structure of this shift can also be correlated with C-ɣ in the β-5 unit. The 

shift at 55.47 – 53.55 ppm is correlated with C methoxyl in the syringyl and guaiacyl 

units or C-β pinoresinol and phenylcoumaran, besides this shift can be correlated with 

C-ɣ in the β-O-4 unit and methoxyl in the syringyl and guaiacyl units [72, 74–76]. 
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Fig. 12. Spectra of 1H NMR LSKCZ. 

 

Fig 13. Spectra of 13C NMR LSKCZ. 

From the spectra results, some correlation for lignin appears in the peaks or signals, 

but further correlation is a limitation in these spectra because the spectra are produced 

from the lignin fraction and not lignin that has been further purified from the fraction. 

The few peaks that appear in these spectra indicate that good lignin dissolution occurs 

due to the strong hydrogen bonds between the solvent and most of the lignin [11]. 
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4 Conclusion 

Based on research that has been carried out, EILs cholinium chloride:oxalic acid (CO) 

[1:1] and cholinium chloride:ZnCl2 (CZ) [1:2] have been successfully synthesized and 

have the form of a colorless, homogeneous viscous liquid. From the results of the FTIR 

study, the formation of hydrogen bonds and the combination of peaks of the constituent 

constituents were proven, and the NMR study also confirmed that both EILs were 

successfully synthesized. The respective densities for EILs CO and CZ are 1.2864 

g/cm3 and 1.7526 g/cm3. The results of delignification of coconut fibers using EILs 

show that lignin has been successfully dissolved and extracted from coconut fibers, 

marked by a change in the color of the synthesized EILs to the color of EILs after 

delignification. EILs containing lignin from coconut fiber have similar characteristics 

in typical absorption peaks to EILs containing lignin alkaline kraft, with a higher lignin 

solubilizing ability for CO EILs. Lignin-containing EILs were also confirmed to 

contain various lignin components as indicated by NMR spectra. FTIR study of coconut 

fiber before and after delignification using EILs shows a higher intensity than before 

delignification, but this high result is dominated by functional groups from cellulose 

and not lignin. 
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