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  1. Introduction 

 Ionic liquids (ILs) have attracted continuous interest because of 
their remarkable physico-chemical properties, including high 
thermal and chemical stability, non-fl ammability, negligible 
vapor pressure, electrical and ionic conductivity, low melting 
point, and affi nity for many compounds. [  1–5  ]  The key advantage 
of ILs over molecular liquids is that by smart selection of the IL 
anion and cation, the properties of ILs can be tuned to satisfy 
specifi c requirements, where molecular compounds are often 
not suitable or at least ineffi cient. [  6–8  ]  As a result, materials sci-
ence has embraced ILs for the synthesis of new materials but 
also as functional components in advanced multifunctional 
hybrid materials such as ionogels. [  9–15  ]  

 Ionogels are functional hybrid materials, which enable the 
development of devices combining the properties of the IL (e.g., 
ionic conductivity or thermal stability) and those of a host (e.g., 
transparency or mechanical stability). [  12,13,16,17  ]  Recent results 
demonstrate that ionogels often retain the dynamic features of 
the IL in the liquid state [  15,18–20  ]  and also infl uence the proper-
ties of the solid matrix material. [  14  ]  This endows ionogels with 

adjustable properties suitable for numerous 
applications including catalysis, [  21,22  ]  
optical [  23,24  ]  and magnetic devices, [  25  ]  or fuel 
cells. [  26–28  ]  In all cases, the properties of the 
hybrid material (the ionogel) are directly 
related to the properties of the IL. [  29,30  ]  

 As of now, most ionogels have been 
derived from commercial ILs and the 
corresponding studies essentially focus 
on the fundamental characteristics such 
as phase behavior, mechanical behavior, 
or ionic conductivity of the respective 
ionogels. In contrast, there are only few 
examples where the IL used for ionogels 
fabrication carries additional function-
alities such as magnetism, luminescence, 
or responsiveness to stimuli such as 
temperature or pH. Xie et al. have used 

[Bmim][FeCl 4 ] and PMMA for the assembly of a weakly mag-
netic ionogel. [  25  ]  Binnemans et al. and Xie et al. have reported 
luminescent ionogels with enhanced lifetimes. [  23,24  ]  Benito-
Lopez et al. have developed photoresponsive ionogels based on 
(poly(N-isopropylacrylamide) (pNIPAAM)), a photo-responsive 
spiropyran (SP), and phosphonium ILs for fl uid control in 
microfl uidics. [  31  ]  The same authors have also incorporated dyes 
such as bromophenyl blue, bromophenyl green, and bromo-
phenyl purple into polymers to prepare ionogels responding to 
changes in the composition of aqueous solutions. [  32  ]  Although 
still sparse, these few examples illustrate that the addition of 
functional components in principle enables the fabrication of a 
large number of functional ionogels. [  12,33–35  ]  

 One issue to overcome is the limited solubility of many 
active components such as dye molecules in ILs. There is 
thus a need to develop highly soluble active components, but 
so far, there are only a few examples. [  36,37  ]  In this contribu-
tion, we therefore describe a new approach towards responsive 
ionogels exhibiting a reversible color change. The ionogels are 
based on the dye-IL (DIL) 1-butyl-3-methylimidazolium methyl 
orange [Bmim][MO]. The combination of [Bmim][MO] with a 
PMMA matrix and with the IL 1-butyl-3-methylimidazolium 
bis(trifl uoromethane sulfonyl)imide [Bmim][N(Tf) 2 ] yields 
transparent, fl exible, ion conducting ionogels that reversibly 
respond to changes in proton concentration suggesting applica-
tion as soft chemical sensor or in optical data storage.  

  2. Results 

 Orange solid [Bmim][MO] forms via anion exchange of sodium 
methyl orange at room temperature. Scanning electron 
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alone is turbid, indicating the formation of crystalline [Bmim]
[MO] within the PMMA matrix. In contrast, the samples pre-
pared with [Bmim][MO] dissolved in [Bmim][N(Tf) 2 ]—denoted 
[Bmim][MO]@[Bmim][N(Tf) 2 ] from here on—is yellow and 
transparent, indicating the formation of a true ionogel. More-
over, the uniform color of both material types indicates that all 
materials are homogeneous, consistent with previous reports 
on similar systems. [  23  ]    

 SEM images of the ionogels are shown in Figures  2 C,D. No 
obvious phase separation is observed in the ionogel prepared 
with [Bmim][MO]@[Bmim][N(Tf) 2 ]; the only features are due 
to solvent evaporation during fi lm casting. This suggests that 
[Bmim][MO] is dispersed homogeneously in the [Bmim][N(Tf) 2 ] 
and the PMMA matrix and does not crystallize. In contrast, 
the worm-like structure shown in Figure  2 D is representative 

microscopy (SEM) images clearly show that the samples of 
[Bmim][MO] are homogenous and contain particles with lath-
like shapes in the micrometer size range. High magnifi cation 
images show a sub-structure of interconnected, roughly spher-
ical, particles suggesting that the lath-like particles could in fact 
be mesocrystals ( Figure    1  ). [  38  ]  Indeed, selected-area electron 
diffraction and X-ray diffraction (XRD) support the formation 
of crystalline materials (Figure S1, Supporting Information). 
Energy dispersive X-ray spectroscopy (EDXS) indicates no 
sodium and chloride impurities from raw materials in the fi nal 
[Bmim][MO]. 

  Figure    2   shows photographs of PMMA ionogels prepared 
with [Bmim][MO] alone and with [Bmim][MO] dissolved in 
[Bmim][N(Tf) 2 ], respectively. Owing to the high melting point of 
[Bmim][MO] of 180 °C the ionogel prepared with [Bmim][MO] 

      Figure 2.  Photographs and SEM images of ionogels. A,C) Ionogel from [Bmim][MO]@[Bmim][N(Tf) 2 ] and PMMA. B,D) Ionogel from [Bmim][MO] 
alone in PMMA. E) [Bmim][MO] ionogels become transparent at 180 °C. Scale bars are 20  μ m. 

      Figure 1.  A) Photograph, B,C) SEM images, and D) EDX spectrum of [Bmim][MO]. 
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bands at 3162 and 3123 cm −1  are assigned to the C–H vibra-
tion of cyclic [Bmim] + , whereas the bands at 2990, 1430, 829, 
and 736 cm −1  are assigned to aliphatic C–H vibrations from 
the [Bmim] +  cation. The band at 1566 cm −1  stems from C–C 
and C–N bending vibrations in [Bmim][N(Tf) 2 ]. The signal at 
1344 cm −1  is assigned to the asymmetric stretching mode of 
–SO 2 – in [N(Tf) 2 ] − . In contrast to [Bmim][N(Tf) 2 ], a characteristic 
band at 1609 cm −1  is observed in the IR spectrum of [Bmim]
[MO], which is the vibration of the –N=N– group. Spectra of 
pure PMMA show a strong band at 1724 cm −1  from the PMMA 
carbonyl group. The bands at 1270, 1140, and 983 cm −1  are 
assigned to C–O–C stretching vibrations of PMMA ( Table   1 ). 
The fact that the IR spectra of the ionogels essentially are a 
superposition of the spectra of the individual components is an 
indication that the materials are homogeneous but that there 
presumably is only little interaction between, for example, the 
PMMA and the IL.   

 Thermogravimetric analysis (TGA) shows that the main 
PMMA decomposition begins at 220 °C, leaving essentially no 
residue at ≈400 °C ( Figure    4  ). This main weight loss is preceded 
by a loss of ≈2% assigned to the removal of residual water, 
possibly traces of acetone from the preparation process. Con-
sistent with literature [  23  ]  [Bmim][N(Tf) 2 ] decomposes in one 
step with an onset at ca. 300 °C in dynamic TGA. In contrast 
to PMMA and [Bmim][N(Tf) 2 ], the ionogel shows two separate 
weight losses. The fi rst weight loss occurs at higher tempera-
tures than the decomposition of pure PMMA (280 instead of 

of ionogels prepared with [Bmim][MO] alone. This confi rms 
our previous assumption that [Bmim][MO] alone crystallizes 
in the PMMA matrix and is thus responsible for the turbidity 
observed in ionogels prepared from [Bmim][MO] alone. SEM 
images of pure PMMA fi lms could not be obtained since the 
electron beam induces very rapid degradation of the PMMA. 
Addition of the ILs signifi cantly improves this. 

  Figure    3   shows IR spectra of pure [Bmim][MO], pure [Bmim]
[N(Tf) 2 ], pure PMMA, and an ionogel with ≈30 wt% of [Bmim]
[MO]@[Bmim][N(Tf) 2 ]. In the IR spectra of [Bmim][N(Tf) 2 ], the 

      Figure 3.  IR spectra of pure [Bmim][N(Tf) 2 ], pure [Bmim][MO], pure 
PMMA, and an ionogel with ≈30% of [Bmim][MO]@[Bmim][N(Tf) 2 ]. 

 Table 1.   Position and assignment of important IR signals. 

Materials    IR (cm −1 )       ν  (–SO 2 )      ν  (–N=N–)  

  ν   (C=O)    ν   (C–C/N from 
[Bmim] + )  

  ν   (C–H from aromatic)    ν   (C–H 2 )    ν   (C–O–C)  

PMMA  1723  no  no  2950, 2925, 1434, 1238, 958, 838, 746  1270, 1140, 983  no  no  

[Bmim][N(Tf) 2 ]  no  1569  3162, 3123, 1160, 636, 612  2990, 1430, 958, 829, 739  no  1344, 1049  no  

[Bmim][MO]  no  1569  3152, 3099, 1160, 636, 612  2960, 2870,1434, 958, 841, 746  no  1359  1609  

Ionogel  1728  1569  3158, 3110, 1160, 636, 612  2962, 2931, 2872, 1459, 1151, 828, 736  1272, 1150, 984  1346  no  

      Figure 4.  TGA curves of PMMA and ionogel with 30 wt% IL. Heating rate 
is 10 °C min −1  in air. 
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reaction is reversible and upon addition of a base, the iono-
gels revert to their original yellow color, again after only a few 
seconds.  

  Figure    7   shows the corresponding refl ectance UV/Vis 
spectra. Refl ectance spectroscopy shows that the ionogels 
behave differently in water/HCl and hexane/trifl uoroacetic 
acid mixtures in terms of the proton sensitivity: in hexane, 
the color change occurs already at fairly low proton concen-
trations; samples exposed to solutions with proton concentra-
tions of 10 −4  and 10 −3  mol L –1  already show a signifi cant shift 
of the absorption edge from 480 to 550 nm and then further 
to 580 nm at 10 −2  mol L -1  and fi nally 608 nm at 10 −1  mol L –1 . 
In contrast, the refl ectance edge of the as-synthesized iono-
gels is roughly 480 nm. In aqueous solution, the sensitivity 
is lower and a no signifi cant shift is observed until acid con-
centrations of 10 −2  mol L –1 . The absorption edge shifts to 530, 
550, and 560 nm for 10 −2 , 10 −1 , and 1  M  solutions, respec-
tively. This is again consistent with the color change shown 
in Figure  6 .  

 To evaluate the stability of the ionogels against leaching, 
several leaching experiments were performed using UV-VIS 
spectroscopy for quantifi cation (Figure S2, Supporting Infor-
mation). In the case of aqueous HCl solutions ([H + ] = 0.1 M) a 
steady state is reached after ≈20 min. Moreover, the gels remain 
intact even after soaking for 20 hours. The highest leakage 
observed is 1.7% of the total amount of [Bmim][MO]. 

 In the case of hexane/trifl uoroacetic acid solutions ([H + ] = 
0.05  M ) an even lower leakage of at most 0.4 wt% of the total 
[Bmim][MO] content is observed. The lower leaching into 
hexane (compared to water) may be due to the lower solubility 
of [Bmim][MO] in hexane. Moreover, in contrast to the ionogels 
exposed to aqueous solutions, ionogels exposed to hexane/tri-
fl uoroacetic acid become soft and sticky after soaking for over 
5 min. We currently assign this to a degradation of the PMMA 
by the trifl uoroacetic acid. Note, however, that the color change 
of the ionogels happens in a few seconds. This suggests that 
the stability of the ionogels will, even in organic solvents, be 
suffi cient for some applications. Clearly, the current ionogels 

220 °C). The onset of the second weight loss is ≈390 °C, which 
is again higher than the onset observed for the pure IL at 
≈300 °C. The relative intensity of the two weight losses is pro-
portional to the weight fraction of PMMA and IL in the ionogel. 
TGA thus shows that the IL, similar to earlier work, [  19,20,35,39  ]  
signifi cantly increases the thermal stability of PMMA ionogels 
in dynamic TGA.  

  Figure    5   shows the temperature-dependent ionic conduc-
tivities (  σ  ) of an ionogel with 30 wt% [Bmim][N(Tf) 2 ] and pure 
PMMA between 0 and 100 °C.   σ   of the ionogel is 10 −4  S cm −1  
at 373 K (100 °C) and approximately seven orders of magnitude 
higher than  σ  of pure PMMA.   σ   decreases with decreasing IL 
content. The Arrhenius plots of the temperature dependency of 
 σ  of the ionogel can be fi tted with the Vogel-Tamman-Fulcher 
(VTF) equation for the conductivity of electrolytic materials. 
The VTF equation is   σ  =  σ   0  exp[− B /( T – T  0 )], 
where the constants,   σ   0  (S cm −1 ),  B  (K), and 
 T  0  (K) are adjustable parameters. The fi tting 
parameter (R) of the ionogels is higher than 
0.999.  

  Figure    6   shows the response of the iono-
gels towards acidic liquids. Two systems 
were investigated: i) a solution containing 
trifl uoroacetic acid in hexane and ii) HCl in 
water. The acid concentrations ranged from 
10 −4  to 10 −1   M  and also included an acid-
free control experiment, where the ionogels 
were exposed to the pure solvents. Figure  6  
shows that all ionogels change their color 
on exposure to acids; this is due to the pres-
ence of the [Bmim][MO] within the ionogels. 
The color change is fast and occurs within 
a few seconds. Moreover, the color change 
is not abrupt but rather gradual, allowing 
the quantifi cation or at least estimation 
of proton concentrations in a solvent. The 

      Figure 6.  Color changes of ionogels exposed to A) aqueous HCl and B) hexane/trifl uoroacetic 
acid. Numbers are concentrations of respective acid (mol L −1 ). 

      Figure 5.  Temperature-dependent ionic conductivities. a and a’ are the 
data for ionogels with 30 wt% [Bmim][N(Tf) 2 ] before and after exposure 
to aqueous HCl solution (see below); c and d are data of ionogels with 
10 and 5 wt% of [Bmim][N(Tf) 2 ]; e is the dataset for pure PMMA. 
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  3. Discussion 

 Functional ILs have received much attention as device compo-
nents in chemical sensors, fuel cells, and batteries. [  5,11,40,41  ]  For 
IL-based devices, constructing solid state platforms with ionic 
liquid-like (multi)functionality is of exceptional technological 
importance because the confi nement or trapping of an IL in 
the solid state of an ionogel eliminates many drawbacks asso-
ciated with the liquid state such as leaking into other device 
components and issues with electrical connectors. The immobi-
lization of ILs within polymers is therefore a highly promising 
approach towards a wide variety of new functional materials. 

 The current study focuses on soft, fl exible, and proton-
responsive ionogels by integrating the dye-IL (DIL) [Bmim][MO] 
into [Bmim][N(Tf) 2 ]/PMMA ionogels. The rationale for using 
mixtures of [Bmim][MO] and [Bmim][N(Tf) 2 ] rather than pure 
[Bmim][MO] is the high melting point and correspondingly 
high viscosity of [Bmim][MO]. Moreover, optical inspection of 
ionogels prepared with pure [Bmim][MO] (Figure  1 ) suggests 
that the IL does crystallize within the PMMA matrix at low 
temperatures yielding opaque fi lms (Figure  2 ), which may—
depending on the application—be undesirable. 

 Optical inspection and SEM of the ionogels (Figure  2 ), IR 
spectroscopy (Figure  3 ), and TGA (Figure  4 ) suggest that the 
materials are homogeneous and have no signifi cant defects. 
The fact that there is virtually no shift in the IR bands as the 
IL is incorporated into the PMMA suggests that the interac-
tion between the IL and PMMA is rather weak. [  25  ]  Although 
polymer-based ionogels have been studied in the recent past, 
the exact nature of the IL-polymer matrix interaction is still 
not fully resolved. Lodge et al. have shown that polymeric 
networks act like a sponge, where the holes are entirely fi lled 
with IL. [  12,34  ]  Watanabe and co-workers concluded that there 
are specifi c interactions between PMMA and the IL anion, 
which hamper the formation of ion clusters and associ-
ates. [  19  ]  Xie et al. have shown that 1-butyl-3-methylimidazo-
lium tetrachloridoferrate(III), [Bmim][FeCl 4 ], is homogene-
ously distributed in PMMA even at high IL weight fractions, 
suggesting that there is a large miscibility window of the two 
components. [  25  ]  In the current case, optical inspection, IR spec-
troscopy, and TGA show that the ionogels are homogeneous, 
suggesting that various interactions with the ester groups 
or the hydrophobic parts of the PMMA with the IL are cru-
cial for yielding a homogeneous material, similar to previous 
examples. [  23,25  ]  

 In spite of the open questions with respect to the exact inter-
action and structure of ILs in (polymer) ionogels, the current 
study confi rms previous data where ILs have been shown to 
increase the thermal stability of ionogels. Watanabe et al. have 
reported a higher thermal stability for PMMA after combina-
tion with [Bmim][N(Tf) 2 ] than for bulk PMMA. [  19  ]  The thermal 
stability of the ionogels increases from 257 °C to 285 °C despite 
the decreasing  T g   with increasing [Bmim][N(Tf) 2 ] content. [  23  ]  A 
similar behavior has also been observed in the ionogels studied 
here (TGA, Figure  4 ). The onset of the weight loss is 220 °C 
for bulk PMMA and close to 280 °C for PMMA/[Bmim][N(Tf) 2 ] 
with 30% of IL. 

 The ionic conductivity of the current ionogels is around 
10 −4  S cm −1  at 100 °C (Figure  5 ), similar to other examples. [  17  ]  

are not suitable for long-term proton monitoring in organic sol-
vents, but rather for aqueous media. 

 As the dye is protonated (and thus charged) in acidic envi-
ronments, the most prominent leaching is observed into 
acidic media. Further experiments with increasing volumes of 
aqueous HCl (Figure S3, Supporting Information) have how-
ever shown that increasing volumes of soaking solution do 
not lead to a more pronounced leaking of dye or IL. Instead, 
the apparent amount of leached DIL decreases with increasing 
volume of soaking solution. Clearly, this is due to a dilution 
effect. Recalculation of the amounts of leached DIL for 1 mL 
of soaking solution indeed shows that in all cases the amount 
of DIL in the soaking solution is between 1.4 and 1.9 ppm, 
regardless of the volume of the initial soaking solution. This 
thus shows that larger liquid volumes will not lead to a stronger 
leaching of dye or IL from the ionogel and suggests that even 
extended soaking (at least in aqueous media) will not lead to 
further leaching. This will however have to be studied in detail 
in the future.  

      Figure 7.  UV-Vis spectra of ionogels after soaking in A) water/HCl and 
B) hexane/trifl uoroacetic acid solutions. 
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in (gas or aqueous phase) sensing or serve as prototypes for 
responsive soft materials where protons and hydroxide ions 
could be used to deliberately induce color changes, for example 
in optical data storage technologies.  

  5. Experimental Section 
  Materials : Methyl methacrylate (MMA, Aldrich, 99%) was distilled 

under high vacuum before use to remove the inhibitor. 1-butyl-3-
methylimidazolium chloride [Bmim][Cl] and 1-butyl-3-methylimidazolium 
bis(trifl uoromethane sulfonyl)imide [Bmim][N(Tf) 2 ] (IoLiTec), 
methyl orange (Sigma, 98%), trifl uoroacetic acid (Sigma, 99%), 
dichloromethane, methanol, and acetone (Merck) were used as received. 

  [Bmim][MO] Synthesis : 1 g of [Bmim]Cl was dissolved in 50 mL of 
acetone. Then sodium methyl orange (1.1 equiv) was added. The mixture 
was stirred at room temperature for 3 days. Sodium chloride salts were 
removed from the mixture by fi ltration. The fi ltrate was collected and the 
solvent was evaporated under vacuum. The orange [Bmim][MO] was 
obtained with the yield of 85%. Elemental analysis: calc. C 59.97%, H 
6.59%, N 15.79%, S 7.23%. Found: C 59.90%, H 6.68%, N 15.81%, S 
7.29%.  1 H NMR (300 MHz, (CD 3 ) 2 CO):   δ   = 9.978 (1H, s), 7.928–7.768 
(8H, m), 6.893–6.839 (2H, q), 4.454–4.373 (2H, t), 4.028 (3H, s), 3.111 
(6H, s), 1.927–1.897 (2H, m), 1.452–1.401 (2H, m) 0.968–0.919 (3H, t). 

  Poly(methyl methacrylate) : PMMA was synthesized by bulk free radical 
polymerization. MMA was purged with N 2  for about 20 min. to remove 
oxygen. 1 wt% of AIBN was dissolved in MMA under nitrogen. The 
polymerization was conducted at 60 °C for 30 min. and stopped before 
gelation by precipitating the polymer from methanol. Further purifi cation 
was done by dissolution in acetone and precipitation in methanol, 
followed by drying under high vacuum. GPC:  M  n  = 118’100 g mol –1 . 
Molecular weight distributions were obtained by SEC using an Agilent 
1200 isocratic pump, an Agilent 1200 refractive index detector, and three 
SDV columns (8 mm × 300 mm, particle size 5  μ m, pore sizes 100, 
1000, and 100 000 Å) from PSS. Elemental analysis: calc. C 59.96%, H 
8.06%. Found: C 59.76%, H 8.12%. 

  Ionogels : Ionogels were prepared by mixing [Bmim][N(Tf) 2 ] (0.215 g) 
and [Bmim][MO] (0.002 g) with a solution of PMMA (0.500 g) in 10 mL 
of acetone. The yellow, transparent, and viscous mixture was cast in 
Petri dishes and allowed to dry for 24 h at room temperature followed by 
drying under vacuum for several days. 

  Thermal Analysis : Thermogravimetric analysis (TGA) was done in air 
on a Linseis L 81 thermal balance in air from 20 to 900 °C at 10 K min –1 . 

  Ionic Conductivity Measurements : Ionic conductivities were determined 
using the complex impedance method by varying the temperature from 
293 to 252 K, then from 252 to 343 K, and fi nally from 343 to 293 K. The 
alternating-current (ac) conductivity measurements were carried out on 
a Solartron 1170 frequency response analyzer from 10 Hz to 1 MHz. The 
perturbation amplitude was 1.5 V. Ten points per decade were measured. 
The conductivity (  σ  ) was determined from Arrhenius plots (log (  σ t ) vs 
1000/ T ). 

  Spectroscopy : IR spectra were recorded in attenuated total refl ection 
(ATR) mode on a Thermo Nicolet FT-IR Nexus 470. UV/Vis spectra 
were recorded on an Agilent 8453 or a Perkin-Elmer Lambda 25 UV-Vis 
spectrometer at room temperature. Solution NMR spectra were 
measured on a Bruker Avance 300 with tetramethylsilane as internal 
standard. 

  Electron Microscopy : The morphologies of the samples were 
characterized using a Hitachi S4800 scanning electron microscope 
(SEM) operated at 2.0 kV. TEM and selected-area electron diffraction 
were recorded on a JEM-2100F operated at 200 kV.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  

Watanabe et al. have reported   σ   values of almost 10 −5  S cm −1  
with low [Emim][N(Tf) 2 ] at 30 °C. [  19  ]  This behavior has been 
assigned to the high self-dissociating and ion-transporting 
ability of the IL and the decoupling of the ion transport from 
polymer segmental motion. 

 The key novelty of the ionogels presented here is that they 
are sensitive to protons in both aqueous and non-aqueous solu-
tions, although with different sensitivities. 

 The reason for the lower sensitivity in the aqueous system 
is probably the lower proton  transfer rates from the aqueous 
phase to the hydrophobic IL. Notably, the ionogels remain 
fl exible and transparent throughout the color change process, 
suggesting an application in the long term monitoring of, for 
example pH changes in (aqueous) solution or gas concentra-
tions such as HCl or NH 3  in air. This concept is based on one 
key advantage of ILs and ionogels, the fact that the IL does not 
evaporate and, as it is hygroscopic, will always contain a few 
percent of water (unless used in high vacuum). This enables 
proton transport within the ionogel (and thus the response to 
incoming acidic and basic molecules). As a result, gas phase 
monitoring could be an interesting fi eld of application for our 
dye-modifi ed ionogels. In terms of the mechanism of proton 
response of the [Bmim][MO], we presume that it is identical to 
the color change in aqueous solution (Scheme S1, Supporting 
Information), [  42  ]  but this will have to be verifi ed in the future, 
for example via NMR spectroscopy. 

 It is worthy to mention that we have also attempted to incor-
porate commercial methyl orange (which comes as a sodium 
salt) into the ionogels. However, these attempts failed owing 
to the poor solubility of methyl orange in most non-aqueous 
systems, including ILs. In contrast, [Bmim][MO] is soluble in 
[Bmim][N(Tf) 2 ] enabling the fabrication of dye-modifi ed ionogels 
such as the ones presented here. DILs such as [Bmim][MO] there-
fore enable the fabrication of new (multi)functional soft matter 
based on components that are easily available. This strategy can 
be expanded to other IL-modifi ed dyes or fl uorescence dyes pro-
viding access to a multitude of responsive ILs, ionic liquid crys-
tals, and ionogels. One possibility to improve the stability of the 
current materials against leaching (Figures S2, S3) could also 
include the use of more lipophilic dyes or more lipophilic imida-
zolium derivatives; these studies are currently underway. 

 Another feature to explore in the future is DILs with a lower 
melting point or liquid crystalline DILs. Such materials could 
combine the color change illustrated in the current study with 
a second, for example clear-opaque or even a clear-birefringent-
opaque, transition. As the color change is proton-induced and 
the optical transparency is temperature-induced (Figure  2 E), 
the current ionogel is a fi rst prototype of a material that inde-
pendently responds to external two triggers, protons and 
temperature.  

  4. Conclusion 

 The current study describes a new soft (multi)functional mate-
rial, ionogels containing a dye-based IL as the active component. 
The ionogels are prototypes of a conductive and soft mate-
rial showing reversible response to environmental conditions, 
specifi cally protons. The ionogels could thus fi nd application 
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