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Abstract 

BACKGROUND: The complex interactions between electrolytes and proteins have 

been studied for more than a century. However, understanding is not yet complete and 

does not provide a basis for predicting the activity of enzymes in ionic media. The use 

of ionic liquids (ILs) as reaction medium has opened up new opportunities for better 

understanding of the mechanism of enzymatic catalysis. Although a number of 

properties of ILs have been correlated with enzyme function, these relationships are 

not completely understood at a molecular level. METHODS: We propose that ILs 

must be able to promote ionization of protein ionizable groups in order to dissolve 

active enzymes. The biocompatible IL need to possess a functional group with large 

donor number and acceptor number in both cationic and anionic units, each of which 

is based on a high dielectric constant lead structure. We designed and synthesized two 

series of ILs and determined their ionizing-dissociating abilities and activities of 

lipases soluble in these new ILs. RESULTS: The results showed that the 

ionizing-dissociating abilities of ILs paralleled the catalytic activity trend of lipases 

dissolved in the ILs. The activities of lipases soluble in the newly designed ILs were 

comparable to those in water. CONCLUSIONS: We can conclude that 

ionizing-dissociating abilities of an IL can be used as a basis for predicting the 

activity of enzymes soluble in the IL. GENERAL SIGNIFICANCE: Ionization basis 

for activation of enzymes gives a deeper understanding of the behavior of enzymes in 

non-aqueous media at a molecular level. 
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1. Introduction 

The complex interactions between electrolytes and proteins have been studied for 

more than a century[1, 2]. However, understanding is not yet complete and does not 

provide a basis for predicting the activity of enzymes in ionic media. The use of ionic 

liquids (ILs) as reaction medium has opened up new opportunities for better 

understanding of the mechanism of enzymatic catalysis. Up to now, a number of 

properties of ILs have been correlated with enzyme function, such as anion 

nucleophilicity[3, 4], hydrophobicity[3-6], and kosmotropicity[7, 8], but these 

relationships are not completely understood at a molecular level. Therefore, it is 

necessary to develop a theoretical basis for predicting activity of enzymes in ILs. 

To understand the behavior of enzymes in ILs at a molecular level, it is first 

desirable to dissolve enzymes in the solvents. For soluble catalysts, there are many 

relatively simple spectroscopic and other techniques for obtaining accurate 

information at a molecular level. Parker et al.[9] reported that cation solvating power 

of solvents is well measured by solvent donor properties (donor number, DN), while 

anion solvating power of solvents is well measured by solvent acceptor properties 

(acceptor number, AN). Water is a strongly amphoteric solvent with large DN and AN 

values (DN = 33.0, AN = 54.8)[10]. Enzymes are polyelectrolytes and can hence 

readily dissolve in water. And we might expect that active enzymes will tend to 

dissolve in water-like solvents with a hydroxyl-functionality. Walker and Bruce[11, 12] 

were the first to describe the design of an IL in which the cation contained a 

hydroxyalkyl group to stabilize the dissolved enzyme. The incorporation of a 

hydroxyl-functionality in the solvents for dissolving enzymes with modest to good 

catalytic activity was also demonstrated by several groups[13-15] including our 

own[16-18]. ILs based on other functional groups such as NO3
−, lactate, EtSO4

−, and 

CH3COO− may also dissolve enzymes, however, most of them cause severe enzyme 

deactivation[3, 19-21]. What causes activation or deactivation of enzyme dissolved in 

ILs? 
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Figure 1 Activation and deactivation of enzyme dissolved in IL 

The behavior of enzymes is strongly dependent on the protonation state of their 

ionizable groups [17, 22-27]. Enzymes catalyze reactions using a variety of ionizable 

groups functioning as electrophiles, nucleophiles, or general acid/base catalysts. For 

an ionizable group (like -COOH), the ionization process can be broken conceptually 

into two steps (Figure 1). In the first step, solvent molecules act as a Lewis base 

(electron pair donor) to the H atom and as a Lewis acid (electron pair acceptor) to the 

O atom, and ionize the H and O atoms, resulting in the breaking of the O-H covalent 

bond and the formation of an ion pair (O-,H+)solv in which both ions now interact with 

solvent. The ionization step is a function of the DN and AN of the solvent. Higher 

values mean that solvent has higher ability to ionize polar O-H covalent bond and to 

stabilize the formed ions. In other words, strongly amphoteric solvents are good 

ionizing solvents. In the second step, the ion pair (O-,H+)solv dissociates into free ions. 

The dissociation process is easy if the solvent has a high relative permittivity 

(dielectric constant, εr). 

According to the above analysis, solvents need to have water-like 

ionizing-dissociating abilities in order to dissolve active enzymes (In this paper we 

will refer to such solvents as “biocompatible”.). Recently, we have proposed basic 

principles for biocompatible organic solvent design[18], which involve the 

introduction of hydroxyl groups into high dielectric constant compounds. The main 

objective of the solvent design is to improve ionizing-dissociating abilities of the 

studied solvent. The great success in designing biocompatible organic solvents in our 

previous studies[17, 18] inspired us to design and synthesize biocompatible ILs. The 

basic principles for biocompatible IL design are: 
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1. The design process starts with a known high dielectric compound used as a 

lead, so that the new IL has strong dissociating ability. Among common organic 

compounds, we found three classes of compounds that meet the demand, which can 

be used as lead compounds for construction of ILs. They are represented by dimethyl 

sulfone (εr = 47.4 at 383 K), triethanolamine (εr = 29.4), and imidazole (εr = 23.0) [28]. 

2. Starting from the structure of the selected lead, the IL is designed to have 

strong ionizing ability. This is the functionalization stage, and a functional group with 

large values of both DN and AN is built into the molecular structure of the lead 

compound. Hydroxyl group possesses high DN and AN values, therefore, 

hydroxyl-functionalization of the lead with high dielectric constant value may be 

advantageous for ionizing and dissociating enzyme functional groups. The 

incorporation of a hydroxyl-functionality in the high dielectric organic solvents for 

ionizing and dissociating enzymes with high catalytic activity was demonstrated by 

our group [17, 18]. 

3. The acid-base properties of the IL are important issues to consider because 

protonation changes caused by Brønsted-acidic or basic ions may result in enzyme 

deactivation[29]. Thereby, the acid-base properties of the newly designed IL need 

proper control for enzymes by selection of appropriate cation and anion types. 

Biocompatible ILs were reported by several groups[13, 30-38] including our 

own[16]. Cations of these ILs do have a functional group with high AN and DN 

values, but their anions do not. Generally, both the cation and anion of an IL function 

cooperatively to affect the enzyme activity. We speculate that incorporation of a 

hydroxyl-functionality in both cationic and anionic units with high dielectric constant 

values may be advantageous for dissolving and ionizing enzymes. In addition, the 

newly designed ILs need to provide suitable acid-base environment for the enzymes. 

Enzymes tested in this work are lipases from Candida antarctica (CAL) and 

Pseudomonas cepacia (PCL) functioning in neutral environment, therefore, the newly 

designed ILs should be neutral. Following this rationale, we designed and synthesized 

two series of ILs (Scheme 1), hydroxyalkyl imidazolium hydroxyalkyl sulphonate 

([CmOHMIM][HOCnSO3]) and hydroxyalkyl tri(hydroxyethyl) ammonium 
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hydroxylalkyl sulphonate ([CmOHTEA][HOCnSO3]). We then determined their 

ionizing-dissociating abilities and their compatibility with lipase activity, in order to 

test the above hypothesis. 
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Scheme 1 Design of biocompatible ILs 

(A) Anions based on sulfoxide   (B) Imidazolium-type Cations    (C) Ammonium-type Cations 

2. Materials and methods 

2.1 General 

Candida antarctica lipase (CAL, 1.5 U mg1) and Pseudomonas cepacia lipase 

(PCL, 30 U mg1) were purchased from Sigma and used as supplied. All other 

chemicals and reagents were of analytical grade from Sigma. Ethyl butyrate, 

1-butanol, 1-methylimidazole, triethanolamine, 2-chloroethanol, 3-chloro-1-propanol 

were dried by 3A molecular sieves before use. [BMIM]NO3 was synthesized 

according to published procedures and checked for the absence of chloride and 

acid[16]. 

The 1H NMR and 13C NMR spectra were obtained on a Brüker AV-400 or 

AV-600 Fourier transform NMR spectrometer. NMR spectra were referenced to 

tetramethylsilane. The mass spectra were analysed on the Agilent 6130 Dual Source 

ESI/APCI mass spectrometer or AB SCIEX Triple TOF 5600+. 

2.2 Synthesis of ILs 

Synthesis of 1-(2-Hydroxyethyl)-3-methyl-imidazolium chloride ([C2OHMIM]Cl): 



 6 

[C2OHMIM]Cl was prepared by the method as described in the literature with minor 

modifications[39]. 2-Chloroethanol (64 mL, 0.95 mol) and 1-methylimidazole (50 mL, 

0.63 mol) were added to a round-bottomed flask fitted with a reflux condenser for 24 

h at 353 K with stirring. Ethyl acetate (50 mL) was added to extract the excess 

2-chloroethanol with thorough mixing and white crystals were obtained. The crystals 

were washed by ethyl acetate twice and then dried at 323 K under vacuum for 2 d. 

(yield 92.5%). 1H NMR (400 MHz, D2O, 298K): 3.92-3.94 (overlapped, 5H), 4.34 (t, 

J=5.38 Hz, 2H), 7.50 (s, 1H), 7.55 (s, 1H), 8.80 (s, 1H); 13C NMR (400 MHz, D2O, 

298 K): 36.01, 51.71, 59.95, 122.59, 123.71, 136.47. 

Synthesis of 3-hydroxypropyl-tri(2-hydroxyethyl) ammonium chloride 

([C3OHTEA]Cl): [C3OHTEA)]Cl was prepared by the method as described in the 

literature[13]. Triethanolamine (0.5 mol) and 3-chloro-1-propanol (0.6 mol) were 

added in a round bottom flask and refluxed at 363 K with stirring for 48 h.  The 

resulting mixture was washed three times with ethyl acetate to remove the starting 

materials. The IL was dried under vacuum for 24 h at 323 K. 

[C3OHTEA)]Cl (yield 87.1%). 1H NMR (400 MHz, D2O, 298 K): 1.88-1.93 (m, 2H), 

2.65 (t, J=6.12 Hz, 6H), 3.47-3.51 (m, 2H), 3.55-3.59 (overlapped, 8H); 13C NMR 

(400 MHz, D2O, 298 K): 23.97, 54.41, 55.10, 58.19, 60.57. ES-MS: ES+ m/z 208.3 

[C3OHTEA)]+, 451.3 [C3OHTEA)]+…Cl-…[C3OHTEA)]+. 

Synthesis of [CmOHMIM][HOCnSO3]) and [CmOHTEA][HOCnSO3]: ILs were 

prepared by ion exchange method. The ion exchange of the anion chloride by the 

anion hydroxyalkanesulphonate was carried out using an exchange column packed 

with 100 g of Amberlite IR120 H-type strongly acidic cation exchange resin. The 

column was previously flushed thoroughly with a 1 mol L-1 [CmOHMIM]Cl or 

[CmOHTEA]Cl solution until the elution was neutral, then with Milli-Q water until no 

chloride was detected by silver nitrate. A 100 mL of 1 mol L-1 Na[HOCnSO3] solution 

was slowly run over and eluted with Milli-Q water. The eluted liquid was collected 

and concentrated under reduced pressure in a rotary evaporator. The residue was then 

vacuum dried at 323 K for 18 h to afford the IL in near-quantitative yield as a 

colorless viscous liquid. ILs with ions containing hydroxyl groups are usually 
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observed to be rather viscous.  

1-(2-Hydroxyethyl)-3-methyl-imidazolium hydroxymethane sulfonate 

([C2OHMIM][HOC1SO3]) 1H NMR (400 MHz, D2O, 298 K): 3.89 (s, 3H), 3.91 (t, 

J=5.0 Hz, 2H), 4.30 (t, J=4.83 Hz, 2H), 4.35 (s, 2H), 7.44 (s, 1H), 7.50 (s, 1H), 8.72 (s, 

1H); 13C NMR (400 MHz, D2O, 298 K): 35.29, 51.08, 59.35, 73.71, 122.01, 123.18, 

135.92. ES-MS: ES+ m/z 127.00 [C2OHMIM]+, 288.87 [C2OHMIM]+…H3O2
-…

[C2OHMIM]+; ES- m/z 110.80 [HOC1SO3]
-, 244.73 [HOC1SO3]

- … H3O
+ …

[HOC1SO3]
-, 352.80 [HOC1SO3]

-…[C2OHMIM]+…[HOC1SO3]
-. 

1-(2-Hydroxyethyl)-3-methyl-imidazolium 2-hydroxyethane sulfonate 

([C2OHMIM][HOC2SO3]) 1H NMR (400 MHz, D2O, 298 K): 3.11 (t, J=6.64 Hz, 

2H), 3.89 (s, 3H), 3.89-3.91 (overlapped, 4H), 4.30 (t, J=4.84 Hz, 2H), 7.44 (s, 1H), 

7.50 (s, 1H), 8.73 (s, 1H); 13C NMR (400 MHz, D2O, 298 K): 35.28, 51.08, 52.44, 

56.53, 59.34, 122.01, 123.18, 135.92. ES-MS: ES+ m/z 127.00 [C2OHMIM]+, 288.87 

[C2OHMIM]+ … H3O2
- … [C2OHMIM]+, 378.80 [C2OHMIM]+ … [HOC2SO3]

- …

[C2OHMIM]+; ES- m/z 124.93 [HOC2SO3]
-, 272.87 [HOC2SO3]

- … H3O
+ …

[HOC2SO3]
-, 376.67 [HOC2SO3]

-…[C2OHMIM]+…[HOC2SO3]
-. 

3-hydroxypropyl-tri(2-hydroxyethyl) ammonium 2-hydroxyethane sulfonate 

([C3OHTEA][HOC2SO3]) 1H NMR (Brüker AV-600, 600 MHz, D2O, 298 K): 

1.92-1.93 (m, -OH), 3.06 (t, J=6.55 Hz, 2H), 3.36 (not resolved, 2H), 3.50-3.51 (m, 

2H), 3.58 (not resolved, 6H), 3.86 (not resolved, 6H), 3.96 (not resolved, 4H); 13C 

NMR (Brüker AV-600, 600 MHz, D2O, 298 K): 24.61, 52.99, 55.06, 55.38, 55.47, 

57.10, 58.36, 58.58, 61.25. ES-MS (AB SCIEX Triple TOF 5600+): ES+ m/z 

208.1578 [C3OHTEA]+, 266.2013 Na+…H3O2
-…[C3OHTEA]+; ES- m/z 124.9882 

[HOC2SO3]
-. 

2.3 Solubility of Protein in ILs 

Bovine serum albumin (BSA) is desirable because it is commercially available as 

a dried powder and readily dissolves in water. The solubility of powdered BSA in ILs 

were determined by absorbance assay. To a screw-top vial with a stir bar, IL (1000 μL) 

and 10 mg BSA were added. The mixture was stirred at 295 K at 300 rpm over night. 

Samples were then centrifuged in an Eppendorf 5417R microcentrifuge at 16,000 g 
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for 10 minutes, and the concentration of the saturated solution was determined from 

the absorbance at 280 nm using a Beckman Coulter DU 800 spectrophotometer. The 

solubility of powdered bovine serum albumin in [C2OHMIM][HOC1SO3], 

[C2OHMIM][HOC2SO3], and [C3OHTEA][HOC2SO3] at 295 K were estimated from 

the absorbance at 280 nm as 0.9, 2.5, and 1.8 mg mL-1, respectively. 

2.4 Spectrophotometric Measurements of Ionizing Power of ILs 

In order to measure ionizing-dissociating abilities of ILs, the protonation equilibrium 

of 4-nitroaniline (PNA) in ILs was studied by means of spectrophotometric titration 

(eq. 1).  

NH2O2N + Cl3CCOOH Cl3CCOO- +
K

NH3
+O2N

PNA HTCA TCA HPNA

(1)

 

Because the new ILs are sticky liquids at room temperature, they were diluted 

with a little ethanol. Samples for a typical spectrophotometric measurement were 

prepared by mixing 1000 μL of IL with 300 μL ethanol, PNA solution (50 μL), and 

trichloroacetic acid (HTCA) solution. PNA and HTCA were added as concentrated 

solution in ethanol. The PNA concentration was kept constant (6.8 ×10-5 mol L-1). All 

spectrophotometric measurements were made at 370 nm with Beckman Coulter DU 

800 spectrophotometer at 298 ± 0.1K. 

2.5 UV/Visible measurement of myoglobin dissolved in buffered media 

BIS-Tris Propane (B) / HCl (A) buffer (molar ratio of [Base]/[Acid], CB/CA, ranged 

0.7-13.3, pH in water 6.86-10.10) was used. The influence of CB/CA on the 

protonation state of myoglobin were determined using Cary 50 spectrophotometer at 

295 ± 1K. Samples for a typical spectrophotometric measurement were prepared by 

adding 20 μL 0.5 mol L-1 buffer aqueous solution of certain CB/CA to 500 μL solvent 

with stirring, followed by adding 10 μL myoglobin solution (10 mg mL-1). Before 

samples were transferred into cuvettes, samples were centrifuged at 5000 rpm for 2 

min to remove air bubbles formed during vigorous stirring. 

2.6 General Procedures of Enzymatic Transesterification 

Lipase powder (1.0 mg for CAL, 2.0 mg for PCL) was dissolved in 500 μL of solvent 

in a 4 mL screw-top vial with a stir bar. Ethyl butyrate (110 μL, 0.83 mmol), 1-butanol 
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(110 μL, 1.21 mmol), and 50 μL cyclooctane (internal standard) were added. The 

reaction mixture was stirred at 323 K at 300 rpm in an oil bath. For measurement of 

initial reaction rate, a 100-μL aliquot of the reaction mixture was withdrawn at 

specified time intervals and extracted with four portions of heptane. The organic 

phase was analyzed using an Agilent 7890A gas chromatograph equipped with an FID 

and a capillary column (HP-5, 30 m × 0.32 mm × 0.25 μm) and operated with a 1:4 

split ratio using helium as the carrier gas. The analysis was performed under the 

following conditions: inlet port temperature 523 K and detector temperature 573 K. 

The oven program consisted of an initial temperature of 313 K that was maintained 

for 1 min after which the temperature was increased at a rate of 30 K/min to a final 

temperature of 523 K. 

3. Results and discussion 

3.1 Ionizing-dissociating abilities of ILs 

In order to measure ionizing-dissociating abilities of ILs, the protonation 

equilibrium of 4-nitroaniline (PNA) in ILs was studied by means of 

spectrophotometric titration. Because the new ILs are sticky liquids at room 

temperature, they were diluted with a little ethanol. This will affect the K values, but 

should not invalidate the order of magnitude differences we discuss below. 

Experimental data were subjected to fitting regression analysis according to eq 2 and 

3.  

)3(                          
][

][][
)(

)2(                                  
]][[

]][[

HTCA

TCAH
HTCAK

HTCAPNA

TCAHPNA
K

a






 

The K value of the protonation equilibrium of PNA in [C2OHMIM][HOC1SO3], 

[C2OHMIM][HOC2SO3], and [C3OHTEA][HOC2SO3] are close to that of water 

(Table 1), suggesting that the new ILs are the desirable solvents for enzymatic 

catalysis. The reason is that both the cation and anion of the ILs contain a hydroxyl 

group of high AN and DN values and have lead structures with high dielectric 

constant value (dimethyl sulfone (εr = 47.4 at 383 K), triethanolamine (εr = 29.4), and 
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imidazole (εr = 23.0) 27). By contrast, K value in [BMIM]NO3 is much less than that 

in water. This is because neither the cation nor anion of [BMIM]NO3 contain any 

groups with high AN and DN values. The result indicated that [BMIM]NO3 has poor 

ionizing-dissociating abilities and is hence not a suitable medium for dissolving active 

enzyme. 

3.2 Activities of lipases soluble in ILs 

To test the activities of CAL and PCL in dissolved form, we examined the 

lipase-catalyzed transesterification of ethyl butyrate with n-butanol. We compared 

enzymatic activity in ILs with that in water. All the reactions were performed under 

the same conditions, 323 K and 300 rpm, in this study to eliminate any temperature or 

mixing effects. The activities of lipases are shown in Table 1.  

Table 1 Relationship between ionization behavior and activity of lipase in ILs 

Solvent Ka Initial rateb / μmol h−1 mg−1 

CAL PCL 

[C2OHMIM][ HOC1SO3]  4-83 6.1 1.4 

[C2OHMIM][ HOC2SO3]  0.9-2.0 22.1 2.4 

[C3OHTEA][HOC2SO3] 7-400 19.3 3.7 

[BMIM]NO3 0.03-0.10c n.d. n.d. 

H2O 0.8-5.3 32.7 5.3 

a K measurement conditions: 1000 μL of solvent; 300 μL of ethanol; PNA concentration 6.8 ×10-5 mol 

L-1; temperature 298 ± 0.1K; wavelength 370 nm. 

b Reaction conditions: lipase powder (1.0 mg for CAL, 2.0 mg for PCL); 500 μL of solvent; 110 μL of 

ethyl butyrate (0.83 mmol); 110 μL of 1-butanol (1.21 mmol); stirring speed 300 rpm; temperature 

323K. The initial rate was expressed as micromoles of ethyl butyrate consumed per hour per milligram 

of lipase. The reaction products included butyric acid (in water) and possibly esters with the hydroxyl 

groups of the IL (which could not be detected by the GC method used). By measuring the rate of ethyl 

butyrate disappearance we include all enzymatic reactions. 

c Measurement conditions were the same as a except that ethanol was replaced by water. 

n.d. means not detected (No activity was observed for lipases in the IL.). 

The results showed that the ionizing-dissociating abilities of ILs (K value) 

paralleled the catalytic activity trend of lipases dissolved in the ILs. The activities of 

lipases in the newly designed ILs were comparable to those in water. The reason for 

the high initial reaction rate in the newly designed ILs is that the cation and anion of 



 11 

the IL possess a hydroxyl group with high DN and AN value and both cationic and 

anionic units have high dielectric constant lead structures. The incorporation of a 

hydroxyl-functionality in the high dielectric organic solvents for ionizing and 

dissociating enzymes with high catalytic activity was demonstrated by our group [17, 

18].  In addition, the newly designed ILs are salts of a strong acid and a strong base, 

thereby they are neutral media. In other words, the newly designed ILs are water 

analogues with great ionizing-dissociating abilities, thereby the ILs can provide a 

suitable (i.e. non-denaturing, non-inhibitory) environment for non-aqueous 

biocatalysis, thus the activities of lipases in the ILs were comparable to those in water. 

The effect of a solvent on enzyme catalysis is, therefore, dependent on its 

donor-acceptor abilities and dielectric constant providing significant physicochemical 

driving forces for the ionization process of enzyme ionizable groups. 

3.3 Acid-alkaline transition of myoglobin soluble in ILs 

To gain insights into the effect of solvent on the protonation state of the protein, 

we chose myoglobin (Mb) as model protein because Mb is a small (MW 17 kDa), 

stable heme protein and its conformation is sensitive to the acid-alkaline conditions. 

The spectroscopic properties of myoglobin (Mb) in ILs and in water were examined at 

room temperature in a 19 mM BIS-Tris Propane (B) / HCl (A) buffer over log(CB/CA) 

of -0.13 and 1.13 (Figure 2). 
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Figure 2 The spectroscopic properties of Mb dissolved in buffered solvents. 
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BIS-Tris Propane (B) / HCl (A) buffer was used (molar ratio of [Base]/[Acid], CB/CA, ranged 

0.7-13.3; pH in water ranged 6.86-10.10). Soret peak maximum for water is 408 nm (Amax = 

1.478); for [C2OHMIM][HOC1SO3] 412 nm (Amax = 0.749); for [C2OHMIM][HOC2SO3] 403 nm 

(Amax = 0.754); for [C3OHTEA][HOC2SO3] 404 nm (Amax = 0.864); for [BMIM]NO3 414 nm 

(Amax = 1.059). All data were from Soret peak maxima. 

 

For myoglobin dissolved in water, [C2OHMIM][HOC1SO3], 

[C2OHMIM][HOC2SO3], and [C3OHTEA][HOC2SO3], the acid-alkaline transitions 

occurs over log(CB/CA) of -0.13 and 1.13. Acid-alkaline transitions observed in ferric 

hemeproteins are generally correlated to a change in the protonation status of an 

amino acid residue in the distal heme pocket [40, 41]. The results suggested that 

solvent behaviors of [C2OHMIM][HOC1SO3], [C2OHMIM][HOC2SO3], and 

[C3OHTEA][HOC2SO3] are similar to those of water. By contrast, no acid-alkaline 

transition was observed in [BMIM]NO3. In neutral and alkaline environments, similar 

spectra without charge-transfer band at about 640 nm were observed in the optical 

spectrum of Mb in [BMIM]NO3 (Figure 3). According to study of Santucci et al.[42], 

Mb may undergo denaturation in [BMIM]NO3 with splitting of the prosthetic group 

from the protein matrix. 
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Figure 3 The spectroscopic properties of Mb dissolved in buffered solvents. 

BIS-Tris Propane (B) / HCl (A) buffer was used (molar ratio of [Base]/[Acid], CB/CA, is 0.7). 
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4. Conclusions 

In conclusion, we developed a hypothesis that ionizing-dissociating abilities of an 

IL determine the activity of enzymes, and proposed basic principles for biocompatible 

IL design. The new biocompatible ILs need to possess a hydroxyl group with high DN 

and AN value in both cationic and anionic units, which units have high dielectric 

constant lead structure. In addition, the newly designed IL is a salt of a strong acid 

and a strong base, providing neutral environment for non-aqueous biocatalysis. The 

ionizing-dissociating abilities of ILs (K value) paralleled the catalytic activity trend of 

lipases dissolved in the ILs and the activities of lipases in the newly designed ILs 

were comparable to those in water. We can conclude that ionizing-dissociating 

abilities of an IL can be used as a basis for predicting the activity of enzymes 

dissolved in ILs. 
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