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2 <. ¥z 2l2 AAg AZ-F o e Z(polymer-supported crown ether: Ps-CE)&
Abg-8te] 25T ol A ¥]3F 43 Lvi ¢l dioxane 3} toluene o)) A} sodium 2 potassium picrate
St crown ether 73+ #8¢] APEE Toidth YUY K(Ps-CE. M'Pi- +L & Prr
M'L+Ps-CE, &7} 4, L& 7}-84 ligand) = £33 3 Wyl o2 PiM*'Lel £ 28 =4 3l
T3t e, 7144 PiM'L 3E 9] ¢tA % 44 Kse Ks=K - Kb (Kbt Ps-CE 9} Picrate
o] Agt) e Aog RE 7ENch 2 A Kst= crown 18] 9] X g7 £ 7, Yol L9
a7, %9 a7, g1 fuje &3t 1x10'~15%10°/M 9] & JdeEhen, Mz
& Ps-CEE A3t 73 Kso} o] EX 3 ligand o i3l A 2§ Ks& v|m s
23}, Ps-CEE AMg-3te g o] dioxane Yol 4 o] 23} ligand Alo] &) Ab& atgof st
AJAARE d& F A PHozx F2 AIEE 71T YL ¢3trh Diozaneo] A&
K¢ Ks& v 23 ZgstA 78 4 AU ke, toluene ol A+ picrate g9 284402
date] Kp & 78 + QAo B P53 KE v 3232 24 picrate G0l o & crown ether
ol A At & 4 AUk

Abstract : Stabilities of complexes between crown ethers and alkali picrates in dioxane and
toluene at 25C were determined by the use of polymer-supported crown ether(Ps-CE),
The competition equilibrium constant K (Ps-CE.M*Pi"+L i PiM*L+ Ps-CE , where
L is soluble ligand) was obtained from spectrophotometric determination of soluble ligand-
picrate complexes Pi"M'L, The stability constants Ks of soluble Pi"M*L complexes were
calculated from the expression of Ks=K - K, where K;, denote the binding constant of
the picrate salts to the particular Ps-CE used. These stability costants were found to be
a sensitive function of crown ring substituent, cation diameter, cavity size and solvent, and
indicated the values of 1x10*~1.5%10°/ M. The competition method using Ps-CE
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yields more reliable and quantitative information on stability constants of complexes
between ionic solutes and ion-binding ligands in dioxane than direct measurement of
Ks, Contrary to the reliable K and Ks values in dioxane only K values could be
measured in toluene since the insolubility of picrate salts in this solvent prevents the
determination of binding constant K,. However K values still provided us with a
relative degree of ligand and Ps-CE affinities toward ionic solute in solvents in which
solute were insoluble in the absence of ion-binding ligand.,
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ol A3 #A, crown 3] 9 X g7] g3F 3 tol-
uene o)A alkali picrate o ™Sl crown ether
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Aol AFE-3 ligand: 18-crown-6(18-C-6),
Dibenzo-18-crown-6(DB18C6), 2- Hydroxymet
hyl-18-crown-6 (2HM18C6), 2-Benzyloxymeth
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5-crown-5(2BM15C5) 5-°] o] 3 18C69} DB1
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W o2 §F AE AR 2.1, dioxane(GR)
3} toluene(Ep) 2 z}7z} Junsei Chemical, Merck
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7} % n-hexane £ © & &) 3}o] Ps-CE7} ul-&
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L a
Ps-CE¢$} alkali picratee] 22 (Ps-CEM*Pi7)
off 7184 ligand(L)E H7} AQue] HI4F
(K)& 03 golste] ety oM

K
Ps-CE.PiM’ +L =—=Pi ML +Ps-CE (1)

o 7] 4], Ps-CE, PiM* = &% picrates} A3
Ps-CEE Jeln, Pi'M'L2 alkali picrates}
ligand¢] 2524 I FX+ UN-spectrophoto-
meter o] 2|3 AT = Ak A (1)l A

[PiM'L] [Ps-CE] (2)

K=Tps-CEPIM ] [L]

oq71A, AA Ps-CE 9] ¥x, H4 ligand F=&
z}z} Ps-CEo, Lod} 314

Ps - CEo == Ps-CE + Ps—CEPiM" (3)
Lo =L + PiM'L (4)

2] (3), (4)& 2(2)o] Hd3t A std

Ps-CEo _
[Ps-CE.PiM"]

Lo

( [PirM*L] “DK=(

1)

o714, F, = [PiM'L] / [Lo]

F, = [Ps-CE.Pi"M*]/[Ps-CEo]2}3l¥
A _ (L _ (5)
( . DK = ( ¥l 1)

21(5)0l A (1/F,—1) & (1/F,—1) o 3l
ZEAEtY 1 7)1 &7 ¥ BE 4 KE 7
4 o, 2 (5)o wek(1/F,—1)H(1/F.—1)
2 A% 27 Fig. 1, Fig 29} 2ol £ 4A¥
AE JERA AT

HAHE AyE o] A FA = ligand 9} picrate
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dioxanec A ¢} 22 ME#A HAE AU
(Fig. 3, Fig. 4). 123 A= B AJZA(PIM*
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Fig. 1. Plots of (1/ F;)-1 vs. (1/F,)-1 for the
competitive complexing of soluble ligand and Ps-CE
to sodium picrate in dioxane at 25C. Ligand : 18
C6(Q), 2ZHM18C6(@), 2BM18C6([1), DB18C6
(H). (1): 1P18Cs, (2): 2P18Cé6
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Fig. 2. Plots of (1/ F;)-1 vs. (1/ F,)-1 for the
competitive complexing of soluble ligand and Ps-CE
to potassium picrate in dioxane at 25T, Ligand
: 18C6(0O), 2HM18C6(@) 2BM18C6([1), DB18C6
(W), (1):1P18Cs, (2):2P18C6
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Fig. 3. Plots of (1/F,)-1 vs. (1/F,)-1 for the
competitive complexing of soluble ligand and 1P1
8C6 to sodium picrate in toluene at 25C. Ligand
: 18C6(0O), 2HM18C6(@®), 2BM18C6([]).
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Fig. 4. Plots of (1/ F,)-1 vs. (1/F,)-1 for the
competitive complexing of soluble ligand and 1P1
8C6 to sodium picrate in toluene at 25TC. Lignd :
2HM18C6(@), DB18C6(M), 2HM15C5(A).
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Dioxane®l| 4] 1P18C6, 2P18C6 ¢} Z € pota-
ssium picrate o ligand 24 2HM15C5 & 3}9)
F A A/F—1) W (1/F,—1)¢] =A194
Fdel ezt oA (Fig. 5). ol 79
ZHMI15C5 7} EA 8w PiM'L, &9 1:23 5
ol 4= oz noln, A(6)} e Py
2o vehd Ut

PiM'L =—— PiM‘L, (6)

EFL 3 HYLS A(7)2 Y 4 9o,
TE YT E KowolS 39, 2(1)2 2(6),
(7)1 2(2) 2 4(8),(9)7F Y 3he},

Ps-CE. PirM* + L,K_'-;ﬁ‘

PiM'L + PiM‘L, + Ps-CE (7)
[PiM'L,]

'+ ey (0 “

_ [PrM'L] [PiM'L,] [Ps-CE] g,
= [Ps-CE. PiM*] [L]

Ktotal

24(2) & 2(8),(9)2 3¢ ==& 4(10)914
[(1/F,—1)Pim/L] tj L& TA) &% BH Zto|
M HBYEdF KE 718 5+ U7, 71872 3H K,
#& 78 o Fig. 6 2.2 RE 73K, S
Table 3o vehfi At

(1/F,—1)Pim/L=K+ K-K,-L (10)

o] 714, Pirm2 spectrophotometer2 & 5 &
alkali picrate 9} ligand #& 9] ¥ %o]n| PirM*L
+ PiM'L, ©]t},

2 d8x39] [Pim] {( [Lo] ¢]12& [L] =
[Lo]—[PiM'L] —2[PiM*L,] oA [L] =[Lo]
2t & & Qlch 21(10)e] wa} Fig. 58 A =21 &
27 (F ig.6) 1P18C6 U =f K=9.8849%10 3 K,=
68081 ¥oH, 2P18C6Y & K=1.2293 %
107°, K,=452 & ztz} 4,

Fig6el Bal= 101 2 1:2 & Eo] BPFHos
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Fig. 5. Plots of (1/F,)-1 vs. -(1/ F,)-1 for the
competitive complexing of 2HM15C5 and 1P18C6
(O) and 2P18C6(@) to potassium picrate in dio-
xane at 25C.
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Fig. 6. Plots of(1/ F,—1) Pim /Lo vs. Lo for 1P1
8C6 and 2P18C6-bound potassium picrate in dioxane
on addition of 2HM15C5 at 25C. 1P18C6(O), 2P-
18C6 (@).

#21H A134 A10% 19899 124

doju}y] WE 22 Bo|vj, Ps-CE 7 & AH&-3tH
K & Ks & &1 potassium picrate Y 7 -$++=
Pi'K* 9} 1:1 38§ o] F+= 1P18C6 %= 2P18C6
2 18351, sodium picrate Y= PiNa*$} 1
(1EEE o]&E+= 1PI15C5, 2P15C5, 1P18C6 &
2P18C6E M3l o] & ALE AlejE.

Dioxane LHOI|A & E2| QM & & (Ks)

Dioxane W9l ] alkali picrate ¢} ligand 2}& 2]
MY E A4 Ks® th&3 o] st 7akqch
BYEA(1)S L9 2712 PP ez yepd
Ut

Ps-CE + PirM* mbt= Ps-CEM'Pi”  (11)

PiM* + L =58 PirM'L (12)
&7]4, K = Ks/ Kb (13)

u}} A, picrate-ligand A}o] 2] QA = 4 Ksgt2
K, 3HS 9131 network polymer / picrate salt
/ solvent #]'°E ol &, P Y+ KE ST &
A(13)e.25E 7 # 9o o] A3E Table
1~30] YJepd ATt

olE FE U FUHA wHoer HEY
A F5% FE2 HAUA o= YA g grol
zgsta dSE ¢ 4 Ak, AA, sodium
picrate ¥ A-¢ 47141 Mg thE Ps-CE& A§-3}
i1, potassium picrated %ol 2714 Ps-CE
g AFg gl zhzhe] Ksgtd v ngh 2,
sodium picrate %} 2BM18C6 o off 3}d 1P15C5
2 183 A9E Adsne 2 FTHUAL
4.4% A% o] e.v, potassium picrate Y=
7.4%0)9)t}. £, alkali picrate”} ligand 9} &&=
g of spectrum ol Z o]Fol doid F - KsE
A 7 5 Aeu B ¥l dioxane
Wl A sodium picrate?} 2BM18C6 Alol¢] 73-%-
olo] a1 ZF3& (Ame} ol ¥, 347nm— 360nm),
spectrophotometer & A% =33 A7} Ksit2
1.455x10°/ M& vebl AtH(Fig7). ©] g& 2P1
8C6 & o] &3l Fig7 59 349 7I&712 #H
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Table 1. Equilibrium Constants, K and Stability Constants, Ks, for Complexes of Sodium Picrates with
Crown Ether Ligands in Dioxane at 25C, Using 1P15C5 and 2P15C5 as Network Polymers

Ligand 1P15C5* 2P15C5°
K Ksx10*/M K Ksx10*/M

18C6 3.7959 3.4276 4.4520 34770
2-HM-18C6 1.9745 1.7829 22344 2.7450
2-BM-18C6 17.6150 15.9063 23.0354 17.9906
DB-18C6 1.0905 0.9847 1.2704 0.9922
2-HM-15C5 0.6914 0.6244 0.8186 0.6393
2-BM-15C5 2.4417 2.2048 2.8885 2.2560

®Ko = 9.03 X 10°/M ®°K, = 781 x 10°/M

Table 2. Equilibrium Constants, K and Stability Constants, Ks, for Complexes of Sodium Picrates with Crown
Ether Ligands in Dioxane at 25T, Using 1P18C6 and 2P18C6 as Network Polymers

Ligand 1P18Cé6> 2P18C6*
K Ksx10*/M K KsXx10™/M

18C6 3.4460 3.6424 2.7505 3.3527
2-HM-18C6 1.6955 1.7921 1.4591 1.7787
2-BM-18C6 14.9432 15.7950 12.4548 15.1824
DB-18C6 0.8250 0.8720 0.9034 11012
2-HM-15C5 0.5731 0.6058 0.5422 0.6609
2-BM-15C5 2.1974 2.3226 1.7755 2.1643

&K}y = 10.57 X10°/M vK, = 1219 x 10°/M

Table 3. Equilibrium Constants, K and Stability Constants, Ks, for Complexes of Podium Picrates with Crown
Ether Ligands in Dioxane at 25C, Using 1P18C6 and 2P18C6 as Network Polymers

Ligand 1P18C6* 2P18C6®
K Ksx10*/M K Ksx10*/M
18C6 7.7562 94.1293 9.8935 98.9947
2-HM-18C6 1.8662 22.6478 2.0088 20.0997
2-BM-18Cé6 12.0610 146.3720 12.9494 129.5716
DB-18Cé 0.7396 8.9757 0.8225 8.2297
2-HM-15C5 9.8849x 107 0.1199 1.2293X 107 0.1230
(K, = 680.81) (K, = 452)

sKy= 12136 X10°/M *K, = 100.06 x10°/ M

Ky & 73t 1@ oz 7agst A v sd
€ g+Uth
Dioxane o419} K&} Ks¥ 2HM15C5 { DBl
8C6 { 2HM18C6 { 2BM15C5 ¢ 18C6 { 2BM18
C6e #£o2 ZF713ld e, ol crown g 9]
NG F7, 359 A7) L &9 FFE 7]
2o 22 gzt

T3} 4714 ligand ol o § sodium 3! potassium

8564

picratee] A e A, Ks(PiK*)/Ks(Pi'Na*)-&
ligand 7} 18C6, 2HM18C6, 2BM18C6, DB18C6
oln&wl, Z+z} 274, 12.7, 9.20, 9.122 e}t oH,
0] 2% potassium picrate-ligand 22| Kszto]
sodium picrate-ligand 2 & 9] Ksgtio o 2
o] f-2Z X+ crown FF2Q A79 Yol NE 9
AZAA gELZ Bl
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Table 4. Equilibrium Constants, K, for Complexes of Sodium Picrates with Crown Ether Ligands in Toluene at
25¢, Using 1P15C5, 2P15C5, 1P18C6 and 2P18C6 as Network Polymers

Ligand 1P15C5 2P15C5 1P18C6 2P18C6
18C6 26115 3.0020 2.2174 2.1084
2-HM-18C6 1.0749 1.2664 0.9974 0.8720
2-BM-18C6 13.4452 14.6482 9.2306 7.8335
DB-18C6 0.9771 1.0477 0.6058 0.5254
2-HM-15C5 0.6409 0.7389 0.6054 0.5319
0™
A R
M
S 2r — n/ ) \/0
o—0 0
0
1 DB18C6
o h-CHy Cfc Hy
a 8 2 8 2
1/AX107M* r

Fig. 7. Binding of sodium picrate to the 2BM18C6
in dioxane at 25C. A=[free picrate PiM*] r=[
Ps-CE. PiM*] / [Ps-CEo]

Table 5. Equilibrium Constants, K, for Complexes
of Potassium Picrates with Crown Ether Ligands
in Toluene at 25, Using 1P18C6 and 2P18C6 as
Network Polymers

Ligand 1P18C6 2P18C6
18C6 6.4400 7.1088
2-HM-18Cé6 0.5666 0.5800
2-BM-18C6 6.9941 7.1757
DB-18C6 0.4903 0.5420

Toluene LHO|A{2] ACHE 22t

Toluene o A+ alkali picrate2] B8&A4°.2 <13}
o A4 Ke & 7 5 9l ebA Ksgle
T = A F3 A= K(Table 4,5) & vl 282
24 alkali picrateo]] t & ligand 2] i 2 <1 2 3}
EE ¢ 4 o) o] A3 Table 6914 B+ ulolzd
o] dioxane Wol A9} & 2HM15C5 { DB18C6
{ 2HM18C6 € 18C6 { 2BM18C6 2] oIl tt. o1&
8 B F8 Ak Asited] G714 %, crown

F2IH A13¢ A10Z% 1989 129

H"]

2-BM-18C6

2-HM-18C6
Fig. 8. The relationship between structure and com-
plexing abilities of the soluble ligand-picrate com-

plexes,

259 37 & crown 3] X §7]o) o) F3F
& w7) giolg B4 gzg,

Z, 2HM18C6 ¢ Ksgte]l RS o]+ crown
nale 2719l —OH 7] 49} crown 18] 9]
AFA- 9} 9] coordination A Z Ho]juj, DB18C6
= 29 g7 95l crownilg] &) A4 AAUE
7} B4 87) W&ol Aztx v, 2BM18C69] 7 ¢
18C6 B} A2 158 %= A YeElUYEH ol
ZHa ] V1S Re 2 Al @ oh(Fig.8).

4 £

282 B4 A2 ¥E crown etherg ©]-&3}],

H]=A] Lo oA alkali picrate®} 7}-84 crown
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Table 6. Equilibrium Constants, K, of the Reaction Ps-CEPiM* + L g Ps-CE + Pi'M'L for Sodium and

Potassium Picrate in Toluene at 25C

. sodium ® potassium P
Ligand K K rel® K K rel€
18C6 3.0020 2.865 6.4400 13.135
2-HM18C6 1.2664 1.209 0.5666 1.156
2-BM18C6 14.6482 13.981 6.9941 14.265
DB18C6 1.0477 1.000 0.4903 1.000
2-HM15C5 0.7389 0.705

8 Ps-CE : 2P15C5 °®Ps-CE : 1P18Cé6
¢ K rel = K(ligand) / K (DBI18C6).

ether#9] F = A48 &3} A8 oo 22
AE8E 4

1. A2 t} & Ps-CEE Al &3l 71 F o= L3l
S = 4 Ks$l o] 54 3} crown etherol] th 3}
of 2 £33 KsE vl 13 23} Ps-CEE A}-&-3}
= Wo] uj=ZA ool 71-&4) crown ether
%} alkali picrate 289 M5 A4 E Pl
AojA, A o] Lol MIAx oA F2 3
ol doh

2. Dioxane W o)l A crown ether®} alkali picrate
o] 2% Aol M= crown FFH o] 9] A F <l
217], crown 312 9] X &715e] FFL waken,
2] MY E A4 1x10'~15210°/ M H 99
& Ve AT

3. Toluene ol M += H& F+ KE vl o aH
alkali picrate®l] o} § crown ehter 2] Atch H Q1 2 3}
& 72 7 dAon, dioxane A9} B H¢
Q1 2ZHM15C5 ¢ DB18C6 { 2HM18C6 { 18C6
{ 2BM18C6 9| 22 Z7} 3tk

2 AR ATE BRTHRAY A7 Aol
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