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Abstract The thermal stability of the ionic liquids (ILs)

1-n-butyl-3-methylimidazolium bromide, [BMIM]Br, and

1-n-octyl-3-methylimidazolium bromide, [OMIM]Br, was

evaluated through thermogravimetry (TG). Long-term

isothermal TG studies revealed that both of these ILs

exhibit appreciable decomposition even at temperatures

significantly lower than the onset decomposition tempera-

ture, previously determined from fast scan TG experi-

ments. The long-term TG studies of both the ILs showed

linear mass loss as a function of time at each temperature

of 10 �C interval in the range 533–573 K over a period of

10 h. The kinetics of isothermal decomposition of ILs was

analyzed using pseudo-zero-order rate expression. The

activation energies for the isothermal decomposition of

[BMIM]Br and [OMIM]Br under nitrogen atmosphere are

219.86 and 212.50 kJ mol-1, respectively. The moisture

absorption kinetics of these ILs at 25 �C and 30% relative

humidity (RH) and at 85 �C and 85% RH were also stud-

ied. Water uptake of ILs exposed at 25 �C/30%RH follows

a simple saturation behavior in agreement with Weibull

model while that at 85 �C/85%RH fortuitously fit into the

Henderson–Pabis model.
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Introduction

The unique physicochemical properties, such as high

thermal stability, negligible vapor pressure, high thermal

conductivity, low-melting point, and wide electrochemical

window, of room temperature ionic liquids (ILs) have

attracted much attention from researchers for their potential

use as green designer material. The use of ILs circumvents

environmental and safety problems that result from the

extensive use of traditional volatile organic compounds.

ILs are used as excellent solvents and catalysts in a wide

range of synthetic procedures for many reaction types in

biocatalysis, electrochemistry, and photochemistry [1–6].

The last two decades have been an active era for the

physicochemical and thermal measurement of various

properties of ILs including melting point, volatility, non-

flammability, thermal and chemical stability, conductivity,

reduction–oxidation potential window, density, viscosity,

polarity, toxicity, biodegradability, and surface tension

[7–12]. The earlier reports on the remarkable properties of

these ILs have been challenged in the recent years most

notably by the discovery of Earle et al. [13] that some ILs

are volatile and, hence can be distilled. As a consequence,

previous studies exploiting the high thermal stabilities of

ILs, which are based on the assumption that ILs exhibit

negligible vapor pressure [14], need to be reevaluated.

As the application of ILs in high-temperature systems

has progressively increased, thermal stability has become a

significant property that needs to be determined with

thermodynamic accuracy. Thermal stability studies on

different classes of ILs have been performed with fast-scan

thermogravimetric (TG) analysis done under a blanket of

inert gas. The TG onset point has the advantage of being

easily measured, reproducible, and dependent on a number

of controllable parameters like scan rate, gas flow rate, and
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sample mass [15] but this seems to be overrated as ILs

produce some volatile products at temperatures lower than

the decomposition Tonset [16]. Kosmulski et al. [15] argue

that fast-scan TG is not sufficient for the assessment of the

thermal stability of ILs because the decomposition reaction

is too slow to allow equilibrium at a certain temperature,

and the heat transfer in the IL is slow thus the temperature

lags behind. With these, long-term isothermal TG has

become the preferred method to observe and model the

decomposition kinetics of ILs [14, 15].

Most ILs, due to their ionic character, readily absorb

water from the environment. Water has a non-negligible

solubility even in ILs belonging to the hydrophobic family,

and the presence of water in ILs significantly affect their

properties and reactivities [17–21]. The effect of impurities

such as water on these ILs is not well understood from a

mechanistic point of view but can nonetheless be poten-

tially significant [22]. In general, the availability of these

types of analyses is low.

We report herein a characterization of the thermal sta-

bility of 1-n-butyl-3-methylimidazolium bromide, [BMIM]

Br, and 1-n-octyl-3-methylimidazolium bromide, [OMIM]

Br, through fast-scan and long-term isothermal TG. The

thermal decomposition of these ILs follows a pseudo-zero-

order rate law and Arrhenius kinetics. The moisture uptake

of both ILs in a controlled temperature–humidity environ-

ment was also studied and fitted into theoretical models.

Experimental

Synthesis of [BMIM]Br

The synthesis of this IL follows an established method

previously reported by Obliosca et al. [23]. Equimolar

amounts of 1-methylimidazole and 1-bromobutane were

placed in a two-necked round-bottom flask, stirred thor-

oughly, and heated to 70 �C for 48 h under nitrogen atmo-

sphere. The resulting viscous liquid was cooled to room

temperature, washed several times with small portions of

ethyl acetate to remove unreacted starting materials, and

then dried under vacuum at 80 �C to afford the product,

[BMIM]Br; 85% yield. 1H NMR (500 MHz, d6-DMSO):

d (ppm): 0.766 (t, J = 7.5 Hz, 3H), 1.148 (sxt, J = 7.5 Hz,

2H), 1.700 (qnt, J = 7.0 Hz, 2H), 3.882 (s, 3H), 4.211

(t, J = 7.5 Hz, 2H), 7.881 (d, J = 1.5 Hz, 1H), 7.984

(d, J = 2.0 Hz, 1H), 9.561 (s, 1H); 13C NMR (500 MHz,

d6-DMSO): d (ppm): 13.111, 18.549, 31.286, 35.739,

48.211, 122.090, 123.279, 136.398; FTIR (neat, cm-1):

3460, 3153, 3091, 2960, 2920, 2853, 1637, 1575, 1472,

1382, 1171; ESI-MS: (ESI?) m/e 139.17 {[C8H15N2]?},

(ESI-) 78.82 (Br-), 80.81 (Br-). Moisture content: 0.13%.

Synthesis of [OMIM]Br

The synthesis of this IL follows an established method

previously reported by Obliosca et al. [23]. Equimolar

amounts of 1-methylimidazole and 1-bromooctane were

placed in a two-necked round-bottom flask, stirred

thoroughly, and heated to 80 �C for 48 h or until a clear

single phase was obtained. The resulting viscous liquid was

cooled to room temperature, washed several times with

ethyl acetate (3 9 20 mL) to remove unreacted starting

materials and then dried under vacuum at 80 �C to afford

the product, [OMIM]Br: 95% yield; 1H NMR (d6-DMSO):

d (ppm): 0.728 (t, J = 6.5 Hz, 3H), 1.125 (m, 10H), 1.725

(qnt, J = 6.5 Hz, 2H), 3.889 (s, 3H), 4.215 (t, J = 7.0 Hz,

2H), 7.906 (d, J = 1.5 Hz, 1H), 7.998 (d, J = 1.5 Hz, 1H),

9.607 (s, 1H); 13C NMR (d6-DMSO): d (ppm): 13.635,

21.875, 25.317, 28.226, 28.350, 29.388, 31.002, 35.677,

48.441, 122.064, 123.252, 136.407. FTIR (film, cm-1):

3085, 2929, 2856, 1578, 1458, 1169; MS [m/e]: 195.29

{[C12H23N2]?}. Moisture content: 0.07%.

Isothermal degradation kinetics and moisture uptake

Thermal decomposition of [RMIM]Br was carried out in

TA Instruments incorporated with a high-resolution ther-

mogravimetric analyser (TGA-Q500) in a flowing nitrogen

atmosphere (100 cm3 min-1). Approximately, 20 mg of

sample was heated in an open platinum crucible at a rate of

10.0 K min-1 from room temperature to 873 K at high

resolution for the fast-scan experiment. Long-term iso-

thermal TG was performed for 10 h at each 10 K interval

within the range of ±20 K of the onset decomposition

temperature, Tonset, previously determined from the fast-

scan analysis.

The moisture absorption experiment was performed by

exposing 10 mL of [RMIM]Br in a scintillation vial to a

temperature and humidity controlled environment using

Centiforce Temperature and Climatic Chamber. The con-

ditions used are (a) 25 �C/30% relative humidity (RH), and

(b) 85 �C/85% RH.

Results and discussion

Fast-scan TG analysis/differential thermogravimetry

It has been previously mentioned that ILs readily absorb

water from its immediate environment and has been shown

by Seddon et al. [18] that the thermal stability of ILs is

affected by impurities like water. Fast-scan TG was per-

formed on [BMIM]Br and [OMIM]Br after their exposure

to ambient conditions for 24 h in order for a more tech-

nologically significant and practical information on the
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thermal stability of these samples to be obtained. This

experimental setup gives the advantage of exhibiting the

worst condition where the samples are saturated with

water. Figure 1a, b shows the TG/differential thermo-

gravimetry (DTG) curves for [BMIM]Br and [OMIM]Br,

respectively. The decomposition onset temperature was

determined to be 550.7 K for [BMIM]Br and 555.5 K for

[OMIM]Br. The higher thermal stability observed with

[OMIM]Br over [BMIM]Br can be attributed to the addi-

tional intermolecular interaction, primarily Van der Waals,

imparted by the former’s longer alkyl chain length which

impacts the organization of molecules in the sample. Fur-

thermore, after 24 h exposure of the sample to ambient

environment, the water content is 6.97 and 6.03% for

[BMIM]Br and [OMIM]Br, respectively. This result will

be further elaborated in the latter part of the article when

the moisture uptake kinetics is presented.

Long-term isothermal stability

Long-term thermal stability of [BMIM]Br and [OMIM]Br

was assessed through isothermal TG experiments car-

ried out within a temperature range of ±20 K from the

Tonset at 10 K interval for 10 h under nitrogen purge at

100 cm3 min-1. Tonset was determined from the fast-scan

experiment reported in the previous section. Figure 2a

shows a linear mass change for [BMIM]Br in the entire

duration of the isothermal experiment at each tempera-

ture of 10 K in the range 533–573 K. Correspondingly,

[OMIM]Br shows a similar behavior where a linear mass

loss over time is observed. It is worth noting that there is a

negligible deviation from linearity at temperatures higher

than the onset decomposition temperature, at least at ?20 K

for both IL systems.

Figure 3 shows the comparison of mass loss for both

IL systems after 10 h isothermal TG analysis. A gradual

increase in mass loss is observed at temperatures lower than

Tonset, whereas a drastic increase in mass loss is incurred by

the samples at temperatures higher than the onset decom-

position temperature. These results illustrate that the mass

loss can be as high as 10%, which is highly significant,

when the two ILs are heated for a long time even at tem-

peratures lower than Tonset. Fast-scan TG failed to capture

this information.

Kinetics of isothermal decomposition

The decomposition kinetics of the two IL systems was

elucidated through isothermal TG. A pseudo-zero-order

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0

300 400 500 600 700 800 900

300 400 500 600

Temperature/K

Temperature/K

M
as

s/
%

M
as

s/
%

D
T

G
D

T
G

700 800 900

–0.45

–0.40

–0.35

–0.30

–0.25

–0.20

–0.15

–0.10

–0.05

0.00

0.05

–0.35

–0.30

–0.25

–0.20

–0.15

–0.10

–0.05

0.00

0.05

(a)

(b)

Fig. 1 TG/DTG curves for a [BMIM]Br and b [OMIM]Br where

Tonset is around 553 K
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Fig. 2 Isothermal TG of a [BMIM]Br and b [OMIM]Br at different

temperatures in nitrogen purge (100 cm3 min-1). Temperatures

shown in the figure are in degree Celsius
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rate expression was used as the decomposition is governed

by physical kinetics involving heat and mass transfer. The

rate expression at a constant temperature can be expressed

as

da
dt

�
�
�
�
T

¼ k ð1Þ

where k is the pseudo-zero-order rate constant and a the

degree of conversion as defined in Eq. 2, where Wi is the

initial mass of the sample and Wt is the mass of the sample

at time t.

a ¼ Wi �Wt

Wt
ð2Þ

Equation 1 can be written in its integral form as shown in

Eq. 3 where t is time and C is the constant of integration

a ¼ kt þ C ð3Þ

The degree of conversion can be generated from the mass

change versus time plot shown in Fig. 1. The plot of a
versus t for both ILs at the temperature range 533–573 K at

10 K intervals is linear for both ILs and, the pseudo-zero-

order kinetic parameters can be calculated from the best-

fit curve where the slope is equal to the rate constant,

k and the y-intercept is equal to the constant of integration,

C. These kinetic parameters including the r2 of the various

a versus t curves are summarized in Table 1.

The temperature dependence of the rate constant calcu-

lated from the a versus t plots can be described quantita-

tively by the Arrhenius relation as shown in Eq. 4 where

Ea is the activation energy in kJ mol-1 and A is the pre-

exponential factor.

k ¼ A exp �Ea

RT

� �

ð4Þ

The Arrhenius plot for each of the ILs is shown in Fig. 4.

The activation energy for the decomposition of [BMIM]Br

and [OMIM]Br over the temperature range 533–573 K are

212.51 and 219.86 kJ mol-1, respectively. This result

further supports the higher thermal stability of [OMIM]Br

as it has a higher activation energy toward decomposition

compared to [BMIM]Br. The pre-exponential factor for

[BMIM]Br is 2.43 9 1018 and 8.46 9 1020 for [OMIM]Br.

Modeling moisture uptake of [RMIM]Br

The ILs were exposed to a controlled temperature and

humidity setting in an environmental chamber. The mois-

ture absorption after time t was expressed as the mass loss

of the sample measured with TG at 100 �C. Moisture

absorption measurements were obtained at two conditions:

(a) 25 �C and 30% RH, and (b) 85 �C and 85% RH. The

moisture uptake of both ILs is plotted as a function of time

with their corresponding theoretical fit as shown in Fig. 5.

Notice that for both experimental conditions, the moisture

uptake curve approaches an asymptote which corresponds

to the equilibrium moisture content of the two ILs. The

equilibrium moisture content of the ILs determined from

the plots in Fig. 5 is in agreement with the water content

obtained after the exposure of these samples to ambient

conditions for 24 h prior to the fast-scan experiment.

However, different behaviors were seen at the two condi-

tions. The moisture uptake observed at 25 �C and 30% RH

follows a saturation model that can be described as a right
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Fig. 3 Temperature-dependent mass loss variation of the ILs after

10 h of isothermal TG. (open diamond [BMIM]Br, open circle
[OMIM]Br)

Table 1 Pseudo-zero-order kinetic parameters for the isothermal

decomposition of [RMIM]Br

T/K [BMIM]Br [OMIM]Br

k/min-1 C r2 k/min-1 C r2

533 0.0039 99.95 0.9991 0.2587 99.93 0.9997

543 0.0086 99.90 0.9987 0.5855 99.97 0.9983

553 0.0183 99.96 0.9981 1.195 99.82 0.9977

563 0.0524 99.93 0.9994 4.356 99.74 0.9980

573 0.1037 99.87 0.9993 7.188 99.89 0.9891
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Fig. 4 Arrhenius plot for the isothermal decomposition of filled
diamond [BMIM]Br and open diamond [OMIM]Br in the temperature

range 533–573 K under 100 cm3 min-1 nitrogen purge
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hyperbolic behavior. The experimental data were fitted into

the Weibull probabilistic model whose integral form is

shown below

-t

-1
¼ 1� e�

t
að Þ

b

ð5Þ

where -t is the moisture uptake at time t, -? the moisture

uptake at equilibrium, a the time required for the dimen-

sionless concentration to reach the value 1 - e-1, i.e., the

time required to reach 63.2% of the water uptake at equi-

librium and b is the shape coefficient. The kinetic rate

constant can be calculated by taking the reciprocal of a. It is

apparent from Fig. 5 that the hygroscopicity of [BMIM]Br is

higher than that of [OMIM]Br. This is a consequence of the

molecular structure of the two IL systems. The longer chain

of [OMIM]Br imparts a higher non-polar character and less

hydrophilicity to the molecule compared to [BMIM]Br. The

kinetic parameters calculated from the Weibull fit are

summarized in Table 2. The moisture absorption kinetic rate

constant for [BMIM]Br and [OMIM]Br is 0.0242 ± 0.0001

and 0.0475 ± 0.0004 min-1, respectively.

A different moisture uptake behavior was observed at

85 �C and 85%RH. Under this condition, the ILs imme-

diately absorbed moisture upon exposure to high-humidity

environment. However, as the test progresses, a saturation

moisture level is achieved via desorption. This behavior

fortuitously fits into the Henderson–Pabis model repre-

sented by the equation

-t ¼ Ae�kt þ B ð6Þ

where -t is the moisture uptake at time t, k the rate con-

stant, and A and B are model parameters. Table 3 summa-

rizes the result of the fit where the desorption is more favored

in [OMIM]Br as apparent in its rate constant 0.0190 ±

0.0035 min-1. This can be attributed to the longer chain

length of [OMIM]Br compared to [BMIM]Br, which in turn

makes the latter IL relatively more hydrophilic. It is also

worth noting that the equilibrium water content of these ILs

is apparently a function of the alkyl chain length of the

imidazole moiety, i.e., -t,[BMIM]Br is higher than -t,[OMIM]Br.

Conclusions

ILs [BMIM]Br and [OMIM]Br were successfully synthe-

sized in high purity and high yield. The thermal stability of

these systems was evaluated through both fast-scan and

isothermal TG. It has been demonstrated through isother-

mal TG experiments that the mass loss in these ILs reaches

up to 10%, which is a highly significant value, even at

temperatures lower than the Tonset. Fast-scan experiments

tend to disregard the slow thermal decomposition kinetics
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Fig. 5 a Moisture absorption profile at different temperature and RH

conditions. (open diamond [BMIM]Br at 25 �C/30%RH, open circle
[OMIM]Br at 25 �C/30%RH, filled diamond [BMIM]Br at 85 �C/

85%RH, filled circle [OMIM]Br at 85 �C/85%RH). b Weibull

fit for 25 �C/30%RH. c Henderson–Pabis fit for 85 �C/85%RH. Lines
represent the theoretical fit of experimental data

Table 2 Moisture absorption kinetic parameters of [RMIM]Br at 25 �C and 30%RH fitted in the Weibull model

Sample Model parameters

-? a b k/min-1 r2

[BMIM]Br 6.613 ± 0.487 41.39 ± 0.19 0.4316 ± 0.0408 0.0242 ± 0.0001 0.949

[OMIM]Br 5.935 ± 0.318 21.05 ± 0.18 0.5274 ± 0.0392 0.0475 ± 0.0004 0.968

Table 3 Moisture absorption kinetic parameters of [RMIM]Br at

85 �C and 85%RH fitted in the Henderson–Pabis model

Sample Model parameters

A B k/min-1 r2

[BMIM]Br 6.09 ± 1.48 5.95 ± 0.19 0.0242 ± 0.0066 0.947

[OMIM]Br 5.49 ± 0.80 4.84 ± 0.15 0.0190 ± 0.0035 0.974

Thermal stability and moisture uptake of [RMIM]Br 729

123



of the ILs. Thus, isothermal TG is the appropriate method

for the assessment of the long-term thermal stability of ILs.

The decomposition of both ILs in the temperature range

533–573 K follows Arrhenius behavior with activation

energy for the decomposition of [BMIM]Br and [OMIM]Br

determined to be 212.51 and 219.86 kJ mol-1, respectively.

The corresponding pre-exponential factor for this pro-

cess is 2.43 9 1018 for [BMIM]Br and 8.46 9 1020 for

[OMIM]Br.

The moisture absorption of [BMIM]Br and [OMIM]Br

at two conditions, (a) 25 �C and 30%RH, and (b) 85 �C and

85%RH, were likewise studied and fitted into theoretical

models. At 25 �C and 30%RH, the rate constants for

[BMIM]Br and [OMIM]Br, which were determined through

the Weibull model, were 0.0242 ± 0.0001 and 0.0475 ±

0.0004 min-1, respectively. At 85 �C and 85%RH, the

moisture absorption of the ILs was observed to follow

Henderson–Pabis kinetics and the rate constants corre-

sponding to [BMIM]Br and [OMIM]Br were determined to

be 0.0242 ± 0.0066 and 0.0190 ± 0.0035, respectively.

The moisture uptake of these ILs is apparently a direct

function of the alkyl chain length of the imidazole moiety

regulating its hydrophilicity.
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