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요 약

Ni, Co, Zn, Cd, Mn, Mg, Ca, Sr, Ba 둥의 2 가 금속과 U(M) 및 V(N)의 이온이 만드는 MCup2 조성 의 

cupferrates 착화합물에 관하여 , 그 용해도가 좋은 dioxane-H2O, methanol-H2O, ethanol-H2O 및 2-propanol-H2O 

의 혼합용매를 사용하여, 그들의 몰분율을 변화시키면서 제 1, 게 2 및 전체의 열역학적인 안정도상수를 전위차 

적정법에 의하여 측정하고, 안정도 상수와 유기용매의 몰분율에 관한 실혐식을 얻었다. 한편 분광광전법에 의하 

여 가능한 cupferrates 의 전체 안정 도 상수를 측정 하여 이 들과 비 교하였다. 2 가 금속 cupferrates 의 안정 도상수 

는 위에 적은 금속의 순서로 감소하고, 이들의 log 此 은 log 此 보다 크지만, U(M) 과 V(V) 의 cupferrates 는 

log K］〈log U 여서 1：1 과 1：2 착화합물 사이 에 구조 변화가 있는듯하다. 몰분율이 영 인 점 에서의 안정도상수는 

금속 cupferrates 의 수용액 에서 의 용해 반응의 평 형 상수에 해 당하며 , 금속의 착화합물의 안정도상수와 용해도와는 

무관하고, 인 cupferrates 에 관해서는 분광전법을 적용하기 어 렵 다.

L INTRODUCTION

The authors have previously worked'"?) the empirical 

formulas on the relationship between the dissociation 

constants o£ hydrogen cupferrate(HCup) and the mole 

fractions of organic solvents in water, such as dio

xane-water, methanol-water, ethanol-waer, and 2-pro- 

panol-water.

These studies are intended to determine potentiome

trically the thermodynamic ttability constants of Ni 
(II)-, Co(II)-, Zn(II)-, Pb(II)-, Cd(II)-, Mn(II)-, 

Mg(II)-, Ca(II)-, Sr(II)-, Sr(U)・，Ba(II)-, U(VI), 

and V(IV)-cupferratesin the media of the organic sol
vents in water varying the mole fraction of the organic 

solvents at the ionic strength of 0. 05 and at the tempe

rature of 25° C.

The empirical formulas for the stability constants 

with respect to the mole fraction of organic solvents 

are obtained, and from this empirical formulas, the 

—1 6

equilibrium constants and free energy changes in dis

solution process of Ni(II)-, Co(II)-, Zn(II)-, and Ca 

(Il)-cupferrate in aqueous solution are calculated.

The composition o£ Co(II)-, Zn(II)-, Ni(II)-, Cd 

(II)-, U(VI)-, and V(IV)-cupferrates and the stability 

constants of Ni(II)-, Zn(II)-, Cd(II)-, and U(VI)- 

cupferrates are also spectrophotometrically determined 

and compared with the results determined potentio- 

temrically.

IL EXPERIMENTAL

A. Instruments and Reagents
For potentiometric work, a Beckman Model Zero- 

matic-II pH-meter and Beckman No. 41262 electrode 

are used; and Beckman Mode?DU-2 spectrophotometer 

is used for spectrophotometric determination

98. 8% pure cupferron is passed through ion exch

ange resin column (Amberite IR-120 activated in the 

form of Na-type, 1 X 10cm) in order to get rid of
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NH4+ ions. Cu(II)-, Ni(II)、Co(II)、，Zn(II)-perchl- 

orates are made by adding perchloric acid in the re

spective carbonates and evaporating them, and are 

determined by EDTA-method(3»4J. Pb(II)-, ■ Cd(II)-, 

Mn(II)-, Ca(II)-, Sr(II)-, Ba(II)-, and U(VI)-nit- 

rates and magnesium perchlorate used for the experi
ment are extra pure grade. Dioxane, ethanol, met

hanol, and 2-propanol are purified by distillation⑸. 

Constant boiling hydrochloric acid and carbonate-free 

sodium hydroxide stock solution are used.

B, Experimental Method
A metal cupferrate solution is prepared by adding 

metallic ion and proper amount of sodium cupferrate 

in a mixed solvent of a given ratio of organic solvent 
and water, so that the solution contains 10-3M met

allic ions. The ionic strength of the solution is kept 

at 0. 05 by adding suitable amount of sodium perchl
orate and 10"〜107M perchloric acid is added in order 

to make the solution suitable for titrat.'on. Then, the 

slability constants are determined by titrating it with 

standard sodium hydroxide of the same ionic strenth 

and solvent composition as the sample solution, usin흥 

micro burette.
The extinction coefficients at the wavelength of 

maximum absorption for each cupferrate in dioxane

water solvent are determined with a solution which 

contains large excess of Cup- in compared with met

allic ion. Here, all the metallic ions are assumed to 

be in chelate form.

Different volumes of 10-2^10~3 M metallic salt sol

ution in a given composition of dioxane are taken in 

^different mess flasks. And to each sample 10-2 M so

dium cupferrate solution in the same composition of 

dioxane are added and kept the ionic strength of the 

mixture at 0- 05 by adding sodium perchlorate Then, 

the absorbancy at the wavelength of maximum absor

ption is measured for the molar ratio tests.

The maximum absorption of sodium cupferrate al

one in the solvent of given composition of dioxane is 

shown at 253〜255 m“. In the range of these wave

length, the maximum absorption of metallic cupferrate 

solution is also shown; therefore, the sodium cupferrate 

solution with the same concentration as sample solution 

should be used as blank solution.

The solutions used for this work are kept in ;a ther

mostatically controlled bath at the temperature of 25

±1°C.

III. CALCULATION

A. Potentiometry
It is assumed that the reaction for the formation of 

cupferrate proceeds in the following two steps, ne흥L 

ecting any solvation.

M+ + 4-Cup"=MCup+...............................................(1)

MCup* + Cup-=MCup2....... . ............ . .........................

The stoichiometric formation constants of the chel

ates can be expressed by

KJ=(MCup+)/(M++)(Cupf)..............................(3)

Ka'—(MCup2)/(MCup+)(Cup~)..........................(4)

K，=(MCup2)/(M++)(Cup-)=KJxKJ.............(5)

Where ( ) expresses the concentration of species in 

the solution.

The quantity n, the formation function by Bjer- 

rumc6J, is defined as the average number of Cup-gro- 

ups bound per metallic ion present,

« = QICup+) +2(MCupD/(Mi) + (MCup+) + (MCup2) 

.........................

From equations,(3), (4), (5) and(6), the expres
sion for n in terms of (Cup”)，the concentration of 

unbound cupferrate ion, and of the stability constant 

as follows.

^=KJ(Cup-)T点 K】'xK2‘(Cup-)2/l + KJ(Cup-) + 

K/xK/(Cup-)2...........................................................⑺
and

汀=C*p— (Cup」)一(HCupf )/Cm=(為，一(Cup-) {1 + 

(田)/K/}/Cm...............................................................⑻

Where C^=total concentration of all metal species,

C(〉p=total concentration of cupferrate ion, and

KJ=the stoichiometric dissociation constant of HCup 

Experimentally the cupferrate ion concentration, 

(Cup-), can be determined by the use of the following 

equation.

(C니Q = (HCup) x KJ/(H+)= {Ch—(H+)} x Ka7 

(HO.................................................................................(9)
Where CH—(concentration of perchloric acid added in 
excess initially) (concentration equivalent to amount 

of sodium hy droxide in titration).

This calculation is based on the assumption that all 

the species in the solution would be HCup, since the 

perchloric acid is added in excess initially. The(H*) 

value is obtained by calibrating the scale reading 

from pH-meter in titration.
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If value obtained by combining equation (8) and 

(9) are plotted against —log(Cup")=pCup, (Cup~) 

can be found at the points, ~n =0. 5 and 1. 5. Since 

云 is known, K/ and K/ can be evaluated from equ- 

ation(7).

The thermadynamic stabilit> constants, Kx and K2 

are expressed by

K】=K J x zMCup+/7M++ x zCup-..................... (10)

K2=K2, X 7-MCUP2//MCup+ x ；-Cup~ ........... (11)

Where is the activity coefficient of each species in the 

solution.

The activity coefficient term here causes uncertainty, 
since it can be apdroximated roughly in the follo

wing manner. The Debye-Huckefs limiting law (7\ 

log7土2—l=21og7±l—l, at the same ionic strength, 

is used Jor the calculation of /+2—1. The values of 

7±1 —1 are obtained by the inter polation of Harned- 

Owen values 5)in hydrochloric acid solution at the 

same ionic strenght and solvent composition. Assuming 

7 MCup2, activity coe任cient of neutral species, is 

equal to unity, and yMCup* x ^Cup-—72+1—1； 

and K2 can be calculated.

B. Spectrophotometry
When the composition of a chelate is known, the 

total formation constant is determined by an optical 

measurement of the chelate。，卩)in the presence of a 

large excess of the reagent; then, concentration of the 

chelate can be clculated from Beer's law.

A+a^xdxC .......................................................

Where A=adsorbancy of cupferrate, a^=molar ex

tinction :coe伍cient, d=length of cell, and C=con- 

contration of cupferrate. If the initial concentration 

of metallic ion and cupferron are and in 

their mixture, respectively; 바le stoichiometric form

ation constant can be expressed by

K=C/(a-C)(b—2C)2 ............................. (13)

and thermodynamic formation constant can be calcul
ated by following equation.

K-K, x zMCuP2/t-M++ x r2Cup~ ............(14)

The values are obtained in the manner explained 
above.

IV. RESULTS

A. Potentiometry
The values of K: and K2 for the cupferrates of the 

obove metals are obtained in dioxane-wate solution. 

The cupferrates are soluble in dioxane-water solvent; 

however, salts of Ni (U)—, Co ( H)—, Zn(U)—, 

and Cd( H )—cupferrate are sohi비e only in alcohlic 

solvents. Therefore, the experiments on the above 

four salts are performed in alcohol medium. The typi

cal formation curves are shown in Fig. I—a, I—b 
and I—c.

Fig. 1-a, The formation cueves of metal cupferrates in dioxane-water solution at 
0.05 of ft and 25°C.
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Tig. I-b. The formation curves of Ni(II)-cupferrate 
in methanol-water solution at 0.05 of 卩 
25°C.

Fig. I-c. The formation cuves of Cb( H )-cupferrate 
in ethanol- and of Co( H )-cupferrat in 2- 
propanol-water solution at 0- 05 of p. and 
25°C.

The thermodynamic stability constants of the cup- 

ferrates obtained by the calculation are presented in 

Ta비e I. and H . In the case of Cu( K )-cupfcrrate, 

only log IJ is obtained in 50% dioxane solution, be

cause of its low solubility. The empirical formulas 

obtained by the least square method are shown in 

Table and g

Table I. The formation constants of metal cupferrates in dioxane-water solution 
at 0. 05 of ij. and 25°C.

Metal 
Cupferrate

Formation 
conctant

Molef raction of dioxane
0- 0223 0. 0488 0. 0786 0. 121 0- 171

log的 4.71 4. 96 5. 53 5. 98 6- 38
Mn) log K2 3- 62 4.11 4. 68 5. 17 5.51

log K 8. 33 9. 07 10-21 11. 15 11-89
log、 
log K2

4. 34 4. 67 5. 20 5. 93
Pb(E) 3. 49 3. 86 4. 38 5.19 —

log K 7. 83 8. 53 9. 58 11. 12
log Kl 4. 07 4. 50 4. 93 5. 45 6.17

Co(fl) log K2 
log K

3. 27 3. 72 4. 30 一
—

5. 70
7. 34 8. 23 9. 23 11.78

log Ki 3. 93 4. 24 4. 80 5. 37 6. 20
Zu(H) log K2 3. 42 3. 99 4. 58 5.00 5. 63

log K 7. 35 8. 23 9. 38 10. 37 11.88
log Ki 3- 28 3. 78 4.08 4. 63 5. 47

Cb⑴ log K2 
log K

3- 22 3. 57 4. 22 4.88 5. 73
6. 50 7. 35 8. 30 9.51 11. 20

log K丄 
log K2

3. 12 3. 67 4. 03 4. 73 5- 29
Mn(R) 1.39 3*34 3. 00 4.17 4. 65

log K 4.51 6. 01 7. 03 8. 90 9.94
log Ki ―一 3.00 3. 47 3. 90 4. 47

Mg(H) log K2 1.67 1.99 3. 60 3. 86
log K — 4. 67 5. 46 7. 50 8-31
log Ki 
log K2

— 3. 26 3. 50 3. 92 4. 64
C교 (U) — 1.39 1.90 3. 49 3-71

log K — 4. 65 5. 40 7. 41 8- 35
log i<i 2.다& 2. 57 3- 09 3. 35 4. 11

Br(H) log K2 — 2. 03 2'85 3. 56
log K — 5. 12 6.21 7.67
log、 ---- - 2.36 2. 73 3. 07 S92

Ba(H) log K2 
log K

1.40 1.90 2. 73 巳31
— 3- 76 4. 63 5. 80 7- 23

log Ki 4. 81 5.15 5.50 5. 99 6- 66
U（v） log K? 5. 39 5. 59 5.79 6- 26 6-76

log K 10- 20 10-71 11.29 12. 25 13- 42
log Ki — — 5. 50 5- 96 6-61

V(I7) log K2 — — 5.66 6.14 6.41
log K — ■----- 11.16 12.10 13- 02
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Table II. The formation constarts of metal cupferrates in various mixed solvents 
at 0- 05 of ju and 25°C.

Metal 
cupferr- 

ate
Formation Mole fraction of methanol Mole fraction of ethanol Mole fraction of 2 propanol
constant 0. 0476 0.101 0.162 0. 230 0. 310 0. 403 0.03950.0841 0.135 0.194 0. 262 0.02530.05510. 0909 0.135 0.189-

Ni⑴
log Kx 
log K2 
log K

4. 15 4. 36 4. 52 4. 75 5- 03 5. 49
3.29 3.52 3.56 3.74 3.97 4.27
7.44 7.83 8.08 8.49 9.00 9.76

4.30 4.87 4- 94 5-16 3 52
3.28 3- 41 3.99 4.36 4.36
7.58 8.28 8.93 9.52 9.88

4.62 4- 78 5- 07 5.37 5.65
3.71 4.17 4.31 4.61 5. 12
8. 33 8- 95 9. 38 9- 98 10. 77

Co(][)
log Ki 
log K2 
log K

3. 85 4. 02 4. 20 4. 39 4. 53 4. 98
3. 25 3.44 3.54 3- 8D 4. 15 4-13
7-10 7.46 7.74 8- 19 8. 78 9. 11

----- -------- 4.55 5. 10 5.39
----- -------- 3.82 4.00 4- 42
————8.37 9. 10 9.81

——4.41 4.69 5. 11 5.45
—— 3.56 3.95 4.20 4.65
—— 7. 97 8. 64 9. 31 10- 10

Zn(R)
log的 
log K2 
log K

3-80 3.92 4. 11 4.41 4.78 —
3.24 3.40 3.53 3.69 3.85 ——
7.04 7.32 7.64 8. 10 8- 63 ——

4- 24 4.46 4- 76 4.87 5- 45
2.95 3.16 3. 56 3.95 4- 19
7.19 7. 62 & 32 8. 82 9. 64

4. 20 4.55 4- 77 5. 32 5- 53
2. 81 3.42 3.66 4.22 4.56
7. 01 7. 97 8. 45 9. 54 10- 09

Cd(U)
log Ki
log K2
log K

————3. 18 3.33 3.54 3.65
————3.13 3.24 3.53 3.75
----- -------- 6.3 6- 57 7.07 -----

-—— 3.45 3.83 4.26 4- 54 —— 3.43 3.62 3.82 3.99
—— 2.45 2.57 2.73 2.95 —— 2.62 2.91 3.11 3.35
—— 5.90 6.40 6.99 7.4이 —— 6.05 6- 53 6- 93 7- 34

Table III. The empirical formula for the formation constants of some metal 
cupferrates with mole fraction of dioxane at 0- 05 of u and 25°C. 

n: xnole fraction of dioxane

Metal 
cupferrate Empirical formula Range of n

Ni(D) log K=29.2n+7.72 0. 0223-0.171
므 b(U) log K = 33. 6n+6-99 0.0223-0.121
Co（n） log K-26. 5n + 6. 89 0. 0223-0.171
Zn(R) log K=30. 9n+6. 74 0. 0223-0.171
CdQ) log K=30. 3n+5-86 0. 0223-0.171
Mn(II) log K = 35. ln+4-13 0. 0223-0.171
Mg(R) log K = 29.8n + 3. 32 0- 0488-0.171
Ca(E) log K=30. 3n + 3. 24 0. 0488-0. 171
Sn(JI) log K = 27. 7n+2.91 0.0186-0-171
Ba(n) log K = 28. 4n + 2. 3 0. 04S8-0-171
UOD log K = 21.7n + 9. 67 0. 0223-0.171
V(IV) log K = 20. In+ 9. 59 .0. 07E6-0-171

Table IV. The empirical formula for the formation constants of 
Ni(II). Co (II). Zn(II). and Gd (II) cupferrates with mole 
fraction of organic solvent at 0. 05 of 卩 and 25°C 
n: mole fraction of organic solvent.

Methanol-vzater 
n = 0. 0476-0. 403

Ethanol-water 
n = 0. 0395-0- 262

2-Propanol-water 
n=。. 0253—0.189

Ni(II) log K—63. 9n+7. 16 log K=10. 4n+7- 35 log K=14. 7n+". 95*5
Co(II) log K=55. 3n-r6. 86 log KFL 2n+6. SO log K=19. 4n+6. 90

Zn(II) log K=60.9n+6.71 log K = ll. On+6. 74 log K=23. 3n+6. 45
*2 *4 *5

Cd(II) log K=50.9n+5.46 log K=9.02n+5.17 log K=ll. 0n+5.48

n=0.135-0. 262*1, n = 0. 0476-0-310. *2, n=0.162 -0. 403.
*4, n=0. 0841-0- 262 *5, n = 0. 0551-0. 189

B. Spectrophotometry
The absorption spectrum of several cupferrates in 

10% and 30% solution of dioxane are shown in Fig. 
2 and 3, and also the molar ratio tests are presented 

in Fig. 4 and 5. By these tests, it is concluded that 

1：2 complexes are formed in the mixed solvents. The 

stability constants calculated from molar extinction 

coefficient are presented in Table V and compared 

with the values determined by potentiometry. These 

values evaluated from the both methods agree within
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the experimental error. Some cupferrates have extre

mely low solubility and some cupferrates solution do 

not obey the Beer's law; and therefore, they are not 

experimented here.

V. DISCUSSION

As the mole fraction of organic solvents are incre

ased in organic solvent-water system, values of log 
K” log K2 and log K are also increased. This pheno

menon can be explained from the fact that as diele
ctric constant is decreased, the hydration effects is 

decreased and at the same time the coulombic inter

action between metallic ion and chelating agent is 

increased.

The linearity in the plot of log K value against 

mole fraction of organic solvent stands within the mole 

fraction range, 0-0. 171 for dioxanewater, 0~0. 413 for 

methnol-water, 0~0. 262 for ethanol-water, and 0-0. 189 

for 2-prcpanol-water. At the higher mole fraction of 
organic solvent the curve flattens somehow. This is 

attributed to the facts;l)at the dielectric constant lower 

than 40. ion-pair formation takes places("，技,卩)， 

the hi응her mole fraction of organic solvent then the 

above limit, the degree of solvation of organic solvent 

to chelate becomes abnormally big(14,15,16\ Therefore, 

it can be concluded that the type of reaction at the 

dielectric constant below 40 is different from that at 

the dielectric constant above 40 of solution.

240 250 260
E心

Fig. 3. Absorption curves of metal cupferrates 
in dioxane-water solution with n:ole fr
action of 0. 0786 at 0. 05 of 戶 and 25°C. 
CU(VI)] = [V(IV)>5. 000X10-3
〔Ni++〕=G. 398X10-3M;〔Co+-〕=6.182X10-3M;
〔Zn++J=6. 325X10~3M;〔Cd+」〕=6. 419X10-3M;
〔Mn++〕=6. 614X10-3.

Absorption curves of metal cupferrates 
in dioxane-water solution with mole fr
action of 0.0223 at 0.05 of 卩 and 25°C. 
CCo++3 = 6.182X10-3；〔Ni++〕=6. 398X10~3M; 
〔Zn++〕=6. 325X10~3M;〔Cup-〕= L OOOX10~2M

LMetciJ/LCupJ

Fig. 4. Molar ratio test of metal cupferrates in 
dioxane-water solution (n=0. 0223) at 0.05 
of and 24°C.
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Table V. The formation constants of metal cupferrates in dioxane-water solution 
by spectrophotometry at 0.05 of 卩 and 25°C. 
a/vf： molar extinction coeff.
(log K)/>:log K value by potentiometry

Metal 
cupferrate

n=0. 0223 n=0. 0786

a Ar log K (log K)p log 二 (log K)p

Ni(II) 3.04X103 8. 24 8. 33 4. 64 X 고IF 9. 78 10- 21
Zn(II) 2.14X103 7.74 7. 35 4. 05X103 9- 25 9. 38
Cd(II) — — — 3. 29X103 8. 61 8. 30
U(VI) 8. 00X105 9. 82 10. 20 — ----- —

For bivalent metal cupferrate, the values for log Kr 

are larger than those for log K2 regardless of m시e 

fraction and the kind of solvents. On the other hand 

log ；K2 values for U(M)-and V(V)-cupferrate are 

larger than log K: values. It is reported that the value 

for log K1/K2 is equal to one or bigger than one, if 

the structural change of complex compound, the change 

of the electronic configuration around the central metal 

in its ground state, and the possibility of ?r-bond 

formation are negligible (17, 18, 19). From this fact 
it is reasonable to state that 1： 1 complexes and 1：2 

complexes of bivalent metal are sort of high-spin com

plexes attributed to the outer orbital hybridization of 

dsp2 or sp%

For U(VI)-and :V(IV)-cupferrate, however, a ch

ange in geometrical structure and also in electronic 

structure of the metallic ion between 1：1 and 1：2 com- 

plexs occur in the process of stepwise reaction as shown 

below.

U(M)： UO2Cup+-——>UO2Cup2

V(IV)： VO(OH)Cup一>VOCup2

Also it is very likely that 穴-bond may be formed 

between vacant dorbital of metallic ion and p orbital 

of oxygen atom in Cup' ion. There are not enough 

magnetic data to confirm the above mechanosm, ho
wever, considering that log K„ is bigger than logKn+I 

due to the zr-bond formation<i7,19,20,21,22) and structural 

change of the complexes of other' Ion, the above inter

pretation is reasonable.

The sequence of stabilities for bivalent metal cup

ferrate is Ni〉Pb〉Co〉Zn〉Cd〉Mn〉Mg〉Ca〉Sr〉Ba in any 

mole fraction of dioxane, and is Ni〉Co Zn〉Cd in any 

kind of alcoholic solution. These order are not same 

as the strength of electronegativities of：the"e!ements, 

but same as the second ionization potentials<23,24,25? of 
cental metals except Pb( K )-cupferrate.

From the empirical formulas in Table H and V, 

log K values at n=0, lo홍 Ka, is regarded as the 
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equilibrium .'constants for homogeneous : reaction(equa- 

tion 15). For the cupferrates of Ni(U), Co(H), Zn 

(I), and Cd(U), MCup2, are precipitated in nearly 

neutral aqueous solution (equation 17). The equilibrium 

constants in these reaction are closely related to their 

solubility product constants^6*27\ assuming that MCup2 

is the sparingly soluble strong electrolyte. These two 
constants may be related as follows.

M*+(aq)+2Cup-(aq)—>MCup2(aq) log Ka—>JFa...(15) 
+) MCup2(aq)i>MCup2(s) log Kd—WFd…(16) 
M++(aq)-F2Cup-(aq)~^MCup2(s) log KsfJFs…(17) 

Hence, JFd=z/Fs—JFa=—RT (In Ks—In Ka).

Where, JF is a change of free energy for the corre

sponding reaction, and so JFd and Kd are change of 

free energy and equilibrium constant for the reverse 

reaction of dissolution of cupferrate complex. The 

values are presented in Table M-

Table I. Equilibrium constants and free engry 
change in the dissolution process of 
some metal cupferrates in aqueous so
lution at 0- 05 of fi and 25°C.

log Ka Ksp. log Ks JFd 
(Kcal/mole)

log Kd

Ni（I匚） 7-50 1.52X10-11 10. 82 -4- 55 3.34
Co(K) 6. 86 4.94X10'11 10. 31 -4-67 3-42
2nCfl) 6- 66 3- 35X10~12 IL 48 -6. 56 4. 81
Cd⑴ 5-49 4. 43 乂 [成 11.35 -8. 03 5. 89

Sincethe above two reactions are isothermal, Gibb's 

free energy can be expressed by

亚广=」玦一丁/3/ ...................................................

Where and JSrf are change of heat and of ent

ropy for the dissolution reaction, respectively. Un

fortunately there is no method for calculating 

but has more negative value in proportion to a 

reciprocal of sum of cationic and anionic radii. In 

general, as radius of metallic ion changes from 0. 65 

A to 1. 35A, jSrf changes only 5-6 eu(2a). Since cry

stal radii of Ni**, Co++, Zn**, and Cd++ are like 

(0.72, 0- 73, 0- 74, and 0. 94 A, respectively)(29). and 

anionic species, Cup", are same in the complexes, it 

is reasonable to assume that a reciprocal value of the 

sum of the radii and are also alike. As the re

sult, the values of JFj and 班以 have parallel rel

ations. Hence, it may be concluded that the predo

minant factor for determing the sequence of values 

in the four metal-cupferrates is value.，비泌 value 

may be determined by the use of Born-Haber cycle,

JHa
MCupgaq)*-—----------------------- MCup2(s)

-JHd U

M++(aq) + 2Cup_ (aq)  -------------------- + 2Cup
—肽 一2，H曲 一(용)

where U is the lattice energy of cupferrate, and腥 

and腥 are heat of hydration of gaseous cation and 

anion, respectively.
班為=15—4H脳一如宀瓦

=U—2』H曲一............. (19)

The value for U has not been evaluated yet, but 

it is considered that the values are nearly constant, 

because the ligands, ionization potentials of the me- 

tals, and the crystal structure of cupferrates are con

sistant.

And the first two terms in equltion<19) must be nearly 

constant, and JHa values depend on JHAc and JHa. 

The values of z/H力c decrease in the order of Ni+ + 

(500 kcal/mole), Co** (490 kcal/mole), Zn+ + (485 

kcal/mole), and Cd서 (428 kcal/mole), and JHa 

wo니d decrease in the same order, because of the fact 

that Ka values decrease in the same order. As a result, 

出赤 value is the largest in Cd( K )-cupferrate and 

the smallest in Ni( R )-cupferrate. Since the dissolving 

process in Born-Haber treatment is the reverse process 

to equation(16), 力H』value is the smallest inCd(H)- 

cupferrate and the largest in Ni( I )-cupferrate. The

refore is the largest in Ni(I )-cupferrate, and 

successively decrease in the order of Co(U)~, Zn(U)

and Cd( H )-cupferrate. From these results one may 

conclude that log Ka values are true equilibrium con

stants for the reaction of dissolution, therefore, it is 

possible to determine the equilibrium constant for re

action of dissolution of a complex by relating the so- 

lubility product principle and log Ka at zero mole 

fraction in a mixed solvent.

From the solubility product constant, it is shown 

that Zn( ][ )-cupferrate is most insoluble and solubili

ties increase in the order of stabilities of cupferrates. 

Therefore, it is concluded that there is no correlation 

between solubility and a complex, as shown in the case 

of another complexs(31).

In general it as impossible to determine spectropho- 

tometrically the stability constant of cupferrate which 

has the value for K below 105.
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