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Development of Experimental Method Using lonic Liquid Formation to Understand the Equilibrium of

Hetero Phase Formation in Chemistry at Junior High and High School.
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Miho Tanaka, Masahiro Yamamoto, Atsushi Kimoto, Tomofumi Kadoya, Nobuya Machida, Shigeru Ikeda,

Ryo Murakami, Kosuke Katagiri, Mari Toyama, Satoshi Iwatsuki, Kenji Chayama*

In this study, ionic liquid equilibria were treated as hetero phase formation equilibria similar to
precipitation equilibria, and the apparent volume of the ionic liquid phase formed (absorbance or weight of
the ionic liquid phase when accurate measurements were required) was measured by varying the
concentration and concentration ratio of anions and cations in the ionic liquid to see if it could be a teaching
aid for understanding precipitation equilibria, and if ionic liquid formation equilibria are appropriate as
alternative experiments to precipitation formation equilibria. In doing so, compare with the descriptions or
photographs of precipitation formation equilibria, etc. described in high school textbooks up to now, in the
experiment of ionic liquid formation equilibria,

(D Can the interface between the formed ionic liquid phase and water be visually recognized?

2 Is it possible to understand the quantitative nature of the ionic liquid phase formed for students?

@ s it possible to calculate the solubility product constant K, in ionic liquid formation equilibrium, etc.
as further developmental topics? Are those possible to adapt the textbook?

In order to confirm the above three points, the quantitative nature of the experiment was measured for the

generated ionic liquids using gravimetric and spectroscopic techniques. In addition, we devised a simple

experimental method using ionic liquids, discussed the accuracy of this experiment, and examined the

feasibility of applying this method as a teaching material in high schools.

As a result, for (1, the interface between water and ionic liquids could be clearly seen by using a dye that

distributes in ionic liquids. For (2), the volume of the ionic liquid phase generated from the aqueous solution

and the absolute amount of cations or anions used in the formation reaction could be visualized and

quantitatively determined. For (3), the molar solubility was determined, and the solubility product constant

K, of the ionic liquid [BMIm][NTf] used in this study was calculated from that value, and it was confirmed

that the value was almost consistent with the literature value. However, it would be difficult to conduct this

experiment in a high school, because the accuracy of the scale of a measuring cylinder alone is not sufficient.

It is thought that more time and ingenuity are needed to strictly separate ionic liquids from water.

3 The author to whom correspondence should be addressed.

E-mail: chayama@konan-u.ac.jp.
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KB & 1 mol L7 Li INTF] /KR & E 4241 2. 00 mL §°O/1 %, 428 20.00 mL & L
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MALT, IMAKEZ 140mL F2EE (1 [ DA A AE R4 BRI 1 mL LR |
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TWed, BENFMLUBWVIED | 15, HDWIEENL EZOREBERFETE D,
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4.1 A F RO EENE
4.1.1 [BMIm]Cl 35 X TN Li[NTF,] DR DL & 5 HEDZEAL

[BMIm]C1 35 J OV Li [NTf,] DR EZEAIC K DA A iRIEMH O EEOZ(L % Table 1127
T A A IR BMIm] INTf,] D% 1,447 & L, teEZTICEH L2 Af% Table 112
R L7o, Fig. 10134 A RO E & L [BMIn]Cl, Li[NTE] OWREDOBRE 77 712
ZLELOTHD, ZORE, Fig. 10 b AF U RKOERITT =4 BLOIF 4D
REOZEIZ LD EEMIZEML TWD, Fig. 10 ORI 0 g (272 HRFOREDE, >
FOREPHTH LA D DT A BLOT =4 OEEIL, 1.85X102 mol L' TH D, =
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DL &, K2 DBKg = SPANENIL, ZORD DR Ko, O FEBRAEIE 3. 43X 107 mol?
L2 L AMfis Tz,
Table 1  [BMIm] Clis LULiINTF21#EEAMIC K 5 A A U iiAR O F B & (KR D 2L

_ P (mol L) I (g) fw 7= (&) 38 AR (ml) {72 (F)

0.1 0.3419 0. 0068 0. 237 0. 005
0.2 0. 7550 0.0190 0.524 0.013
0.3 1.1730 0.0164 0.815 0.011
0.4 1. 5935 0.0119 1. 107 0. 008

4.1.2 [BMIm]Cl 38 X OVLi[NTFf.] DR D2 bIC & 5 EED (L

NFFBLOT =4 ORBELROECIZ L DA 4 R EHOEREDZE( % Table 2 IZ
T AT RIEOLEZ SCIZHH LA S Table 2 IZFC#I L7z, Fig. 11, Fig. 121%
AF RO ER L, NZ 72 [BMIm]Cl F721% Li [NTf,] OIRE & OfEtR% 7 7 7 TR LI
LD THDH, Fig. 11 BIWFig. 12 £V, [BMIm]Cl F 7213 Li [NTf,] OIRE O AL S+
% &R (D) DERE Y A A AREOHT I ENZEL LTz, 2okt (DK, = [CI[A] D,
TFOAF L DRMOIRENRELS DL, bR TDA T DKMOWREIT/ NS 2D,
W T, A A RIKOHHENEINT D, ZOBBENS, FEDA A ORELZ—EL L
THHEDA A OREZBDTRELTDHE, A A HEEOHTHET 0.1 mol LD
[BMIm]CL & Li[NTfo] 39 _TA A ik & 7o o 7RO E R 0. 4190 g 1ZL< 725 &5 %
77

Z O [BMIm]CL:Li [NTfo] OFREELLN 4:1~1:4 F THRIREAL S B T2HFD A A L ARIKD -
B EEH S AKFPNO [BMIn]CL & Li[NTf, ] OFHEEZ R L, Z MO Z Y Fig.
13 DX i #5777 ek Lz, (1) Ky, = [CIIANZ M E e i s &
log[C] = —log[A] +10g K, DXUZEE TE 5, - T, Fig. 13026, SREIOFZBROFRIT
X(DKsp = [CIAZ 2 LTV D EFRTZ, £7o, Fig. 1307 T 7 OYIF 7 b IRMRER
ZRDDH E Kp=4. 19X 10" (mol L) EAMFES LT,

Table 2 [BMIm]# S UINTLIEEZICE 24 F VRIFHOERE L FBEOZEAL

[BMTm] (mol 171 [NTf2] (mol LY T EE (g) mAE () FHERRB M) {FE ()
0.025 0.100 0. 0865 0.0033 0.0601 0.0025
0. 050 0. 100 0. 1821 0.0041 0.1264 0.0029
0.075 0. 100 0.2712 0.0073 0. 1883 0.0039
0.100 0. 100 0.3216 0.0171 0.2233 0.0119
0.200 0.100 0.3771 0.0084 0.2619 0. 0058
0. 300 0.100 0.3848 0.0075 0.2672 0.0052
0. 400 0. 100 0.3851 0.0146 0.2675 0.0102
0. 100 0.025 0. 0808 0.0022 0. 0561 0.0017
0. 100 0. 050 0. 1830 0.0081 0.1271 0. 0059
0. 100 0.075 0.2704 0.0036 0. 1878 0.0028
0.100 0.100 0.3216 0.0171 0.2233 0.0119
0.100 0.200 0.3736 0.0189 0.2594 0.0132
0.100 0. 300 0. 3868 0.0107 0.2686 0.0074
0.100 0.400 0. 3884 0.0184 0.2697 0.0128
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Table 3 [BMIm],[NTRRIEZEZICL 24 F+ v RAEOES, HEZL (BiEHY)

PR (mol L) PHOEE () WA (HE) FHOEREGL) w2 ((KH)

0.1 0. 7495 0.0620 0.570 0.020
0.2 1. 4798 0.0518 1. 080 0. 060
0.3 2. 3683 0.0312 1. 700 0.030
0.4 3.1758 0. 0505 2.270 0. 050

Table 4 [BMIM]INTRIBEZICL 21 F v RIFHEOEE, HREZ SRR CAERKRE)

PR (mol L) PHOEE () WA (HE) VFHOEREGL) w2 ((KH)

0.1 0.7053 0.0623 0. 490 0.043
0.2 1. 5406 0. 0836 1. 070 0. 058
0.3 2.3959 0. 0851 1. 664 0. 059
0.4 3.2463 0.0998 2.254 0. 069
4.5
BIEHY y = 8.1673x - 0. 0985
3.5 R* = 0.9987
9.5 L7 %5%))
Cl o TSHRE
o5
el BIERE vy = 8.4067x — 0. 1380
0.5 R* = 1
-0.5
0 0.1 0.2 0.3 0.4 0.5
P (mol L)

Fig. 15 [BMIm]Cl.Li[NTf,] D& & oA 4 KA DO EREOBMR (Sikim})
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