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ABSTRACT. Recently, the formation of the complexes between macrocyclic polyethers and
alkali metal salts have been determined by several methods. It has been suggested that the speci-
ficity of the complexation be due to the nature of the surrounding solvent molecules. The formation
constant values (Ky) of K* are shown to be the largest among the other alkali metal cations
because the ionic diameter of K* is approximately the same with the hole size of 18~crown-6. In
this study the formation constants of the 1 : 1 complexes of 18-crown-6 with potassium p-substituted
phenoxide are calculated by the conductance measurement in organic solvents. As a result, the K
value series among organic solvents are given in the order of CH;OH>DMF>DMSO. It seems
that the donor number of the solvent is a main factor in the formation of the complex between
K* metal ion and 18-crown-6 molecules. At the same time, the formation constants increase with
increasing the electron-withdrawing power of substituents because the phenoxide ion is stabilized

by the charge dispersion.
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Table 1. Concentration, specific conductance and equ-
ivalent conductance for p-NO,C¢HOK in CH30H at

35°C
Phoreogram | C/mol-I} %/mho A/chm™!-cm?

1.27x107% | 9.53x10™4 82.5

1.69%1073 | 1.25%10°3 81.4

1 2.25%107% | 1.65x1073 80.7
3.00x1073 | 2.15%1073 78.8

4.00%x107% | 2.81x1073 77.3

9.81X107% | 6.14X107* 68.8

1.31x1073 | 8.05x10™* 67.6

2 1.74%107% | 1.05x1073 66. 4
2.33%x107% | 1.37x1073 64.7

3.10x1073 | 1.78%x1073 63.2

4.00Xx10™* | 2.55X107* 70.1

7.80X107% | 4.79X10™* 67.5

1.21x1073 | 7.18x10™* 65.3

3 2.14%X1073 | 1.20%x1073 61.7
3.14x1073 | 1.68%1073 58.9

4.00x107% | 2.05%x1073 56.4

5.38x107% | 2.77%x1073 56.6

7.35%10°3 | 3.81x1072 57.0

Table 2. Concentration, specific conductance and eg-
uivalent conductance for p-NO;—C¢H,OK in DMF at

|

5.32x10% | 1.86X1073
7.30X10°% | 2.60X10"
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Table 3. Concentration, specific conductance and eq-
uivalent conductance for p-NO,—C¢H,OK in DMSO

at 35°C

Phoreogram | C/mol-/™! i %/mho A/ohm™1.-cm?

1.27Xx1073 | 3.81x1074 33.0

1.69%1073 | 4.99x1074 32.5

1 '2.25%1073 | 6.55X10™ 32.0

! 3.00x10°2 | 8.51x107* 31.2

' 4.00x1073 | 1.11x10°3 30.5

! 9.81x107¢ | 2.47x107 27.7

1.31x1073 | 3.26X10™4 27.4

2 1.74X10°8 | 4.27X10™* 27.0

2.33%1073 | 5.68x10* 26.8

3.10x1073 | 7.50x107* 26.6

4.90X107* | 1.10x107¢ 24.7

7.82x1074 | 1.81x10™* 25.5

1.12x1073 | 2.65x107* 26.0

3 1.78X1073 | 4.14x107¢ 25.6

2.31X1073 | 5.25x10™ 25.0

4.60%1073 | 9.99% 1074 23.9

6.73x107% | 1.42x1073 23.2

35°C
Phoreogram | C/mol-I™! %/mho A/ohm™!-cm?
1.27x1073 | 7.31x107* 63.3
1.69Xx1073 | 9.57%107* 62.3
1 2.25%X107% | 1.26x1073 61.6
3.00x107% | 1.64x1073 60.1
4.00x107% | 2.31x1073 58.6
9.81X107* | 4.59x 1074 51.5
1.31X1073 | 5.90x10™* 49.5
2 1.74X1073 | 7.56x107* 47.8
2.33X107% | 9.60%x107* 45.3
3.10%107% | 1.19%x1073 42.2
2.50x107% | 1.21x107¢ 53.2
5.21X107* | 2.39X10™* 50.5
9.20x107% | 3.99x10™* 47.7
3 1.38X1073 | 5.62X 1074 4.8
2.12Xx1073 | 8.00Xx107¢ 41.5
3.03X1073 | 1.04X1073 37.8
4.50%x1073 | 1.59X%1073 38.4

Table 4. Concentration, specific conductance and equi-

valent conductance for C¢gHsOK at 35°C

Phoreogram | C/mol-/™! Tli /mho  |[A/ohm™'-cm?
1.27x1073 | 1.29%1073 111.7
1.69x1073 | 1.69%1073 107. 4

1 2.25%1073 | 2.11x107® 103.2
3.00x1073 | 2.73x107? 100. 1
4.00x1073 | 3.49x1073 96.0
9.81x107¢ | 8.23Xx10™* 92.3
1.31x1073 | 1.09x1073 91.5

2 1.74x107% | 1.43%1073 90.4
2.33%x1073 | 1.89X1073 89.2
3.10X1073 | 2.47x1073 87.6
3.29x107* | 3.36X10™* 112.3
5.82x107* | 5.03x10™¢ 95.1

3 7.88X107% | 6.35X107* 88.7
1.37x107% | 1.03x1073 82.7
2.13X1073 | 1.57x1073 81.1
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| 2.92x1073 | 2.12Xx1073 79.9
| 3.81X107°% | 2.73x1073 78.8
{ 5.32%1073 | 3.73x1073 77.1
1 6.77X1073 | 4.68x1073 76.0

8.10%1073 | 5.50x1073 74.7

Table 5. Concentration, specific conductance and egq-
uivalent conductance for p-CH3;—C¢H,OK in CH;OH

at 35°C

Phoreogram | C/mol-/"! —lli/mho A/ohm™!-cm?
1.27X1073 | 1.12x1073 97.0
1.69x107% | 1.48x1073 9%.3

1 2.25X1073 | 1.96x1073 95.8
3.00x1073 | 2.58x1073 9.6
4.00x1073 | 3.40x10°3 93.5
9.81x107¢ | 8.41x10™* 94.3

{ 1.31x107% | 1.11x107? 93.2

2 1.74X1073 | 1.47%1078 92.9
2.33x107% | 1.95x1078 92.1
3.10x1073 | 2.56x1073 90.8
2.33X107% | 1.65x107* 77.9
5.30X107% | 4.11X10* 85.3
9.12x107¢ | 7.53%x10™4 90.8

3 1.60x1073 | 1.30%x10°3 89.4

'2.32x107% | 1.86x1073 88.2
3.25x1073 | 2.57x1073 87.0
4.23X1073 | 3.30x1073 85.8
5.68x107% | 4.35%1073 84.2
7.26x107% | 5.48%1073 83.0

Table 6. Concentration, Specific conductance and eq-
uivalent conductance for p-OCH;—C¢HOK in CH30H

at 35°C
Phoreogram | C/mol-7! % /mho  [A/ohm™1-cm?
1.27X107% | 1.48x1073 128.2
1.69Xx1073 | 1.92x1073 125.0
1 2.25%x107% | 2.51x1078 122.7
3.00x107% | 3.25x1073 119.2
4.00X1073 | 4.20x1073 115.5
9.81x10™% | 1.07x1073 120.0
1.31X1073 | 1.41x1073 118.4
2 1.74X1073 | 1.83%x1078 115.7
2.33X107% | 2.40%x1073 113.3
3.10x1073 | 3.09x1073 109.6
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6.82X107* | 4.97x107* 80.2
1.22X1073 | 9.76Xx1074 88.0
3 1.93%x107% | 1.71x103 97.5
3.28Xx107% | 2.89%x1073 96.9
5.31x107% | 4.61x1078 95.5
7.52x107% | 6.47%x1073 %4.6
1.00x1072 | 8.60%x1073 94.6
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Fig.1. A vs J/C curves for p-NO,—CgH,OK and its
complex with 18C6 in CH3OH at 35°C. 1. 4 vs ' C
curves for potassium phenoxide in solvent at 35°C
2. A vs /C curves for the same concentration of
potassium phenoxide as that of 18C6 in solvent at
35°C 3. Avs /C curves for the stepwise increase of
the potassium phenoxide concentration against the
constant 18C6 concentration in solvent at 35°C
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Fig.2. A vs JC curves for p~-NO;—CsH,OK and its
complex with 18C6 in DMF at 35°C.

40}

—0—0o
O—o0—p__,

30 —o—s
D,o,o—o_—‘,%

—Q—3
20}

A /ohn'1<:m2

10

T T 3 4 5 6 /& 5
100 /¢ / mo1¥17%

Fig.3. A vs JC curves for p~-NOp;—CgH,OK and its
complex with 18C6 in DMSO at 35°C.
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Fig.4. A vs T curves for CgHs;OK and its complex
with 18C6 in CH3 OH at 35°C.
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Fig.5. Avs JC curves for p-CHs—CegHOK and its
complex with 18C6 in CH;OH at 35°C.
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Fig.6. A vs C curves for P-OCH3-CeHOK and its
complex with 18C6 in CHsOH at 35°C.
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Table 7. a values for the 1 : 1 complexes of potassium
p-NO; phenoxide with 18-crown ether in organic
solvents

solvent
10%C
CH4OH DMF DMSO

6.42 0.87
4.82 0.92 0.87
3.61 0.88 0.90 0.87
2.71 0.89 0.88 0.88
2.37 | 0.90 0.88 0.88
2.07 | 091 0.88 0.88
1.82 | 0.92 0. 89 0.89
1.59 [ 093 089 0.89
1.39 I 0.94 0.89 0. 89
1.22 0.88
1.06 ] 075
0.931 1 i L 0.70
0.815 | :  0.67
0.713 \ 0.65

Table 8. « values for the 1:1 complexes in CH;OH

subst.
10°%C
P-NO,; H p-CH, p-OCHg

8.56
6.42 0.89
4.82 0.92 0.75
3.61 0.88 0.63
2.71 0.89 0.79 0.73 0.26
2.37 0.90 0.78 0.72 0.25
2.07 0.91 0.79 0.70 0.24
1.82 0.92 0.78 0.69 0.23
1.59 0.93 0.78 0.68 0.22
1.39 0.94 | 0.78 0.67 0.21
1.22 L 0.78 0.23
1.06 |0 0.20

0.931 i o0.81 0.16

0.815 C0.86 0.15

0.713 . 0.8 0.14
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Table 9. Formation constants (K;) for the 1:1 com-
plexes of potassim p-NO, phenoxide with 18-crown
ether in organic solvents

‘ solvent
10°C
CHsOH DMF DMSO

6.42 | 8.02Xx103
4.82 | 2.98x10* 1.07x10%
3.61 1.69%10¢ | 2.49X10% | 1.43X10%
2.71 2.71X10* | 2.26X10* | 1.90x10*
2.37 3.81X10* | 2.58x10¢ | 2.17x10¢
2.07 5.43%10* | 2.95%104 | 2.95%104
1.82 7.30X10¢ | 4.04X10* | 3.36x104
1.59 1.19%105 | 4.63x10¢ | 3.84x10¢
1.39 1.88X10°5 | 5.29%10% | 4.40x104
1.22 5. 01 10¢
1.06 i 1.13x10¢
0.931 8.35%10°
0.815 7.55% 103
0.713 7.41x103

Table 10. Formation constants (K;) for the 1:1
complexes in CH;OH

subst
10°C
$-NO, H ?-CHj p-OCHj3
8.56
6.42 1.15%x10*
4.82 2.98x 104 2.49%x10%
3.61 1.69%x 10 1.27%108

2.71 2.71x104 6.61x10% 3.70%10% 1.75%10°
2.37 3.81x10% 6.80x10% 3.87x10% 1.88x10?
2.07 5.43x104 8.65X10% 3.76x10% 2.01x10?
1.82 | 7.30X10% 8.85x10% 3.95%10% 2.13x102
1.59 1.19%10% 1.01X10% 4.18x103 2.27x10?
1.39 1.88X10% 1.16X10% 4.43Xx10% 2.42X102

1.22 1.32x10% 3.18x102
1. 06 1. 37X 104 2.95%10?
0.931 | 2.41X104 2.44X102
0.815 5.39x104 2.55x102

0.713

8.57x104 2.65x%102
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