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I. Statement of Problem.
The purposes of this work ares a) to determine 

* the stability constants for complexes of thiourea and
methylthiourea with cadmium (II) ion by applying a 
definite correction factor to the best existing deter
mination (1); and b) to explain the results on the 
basis of accepted theories (2).

The experimental information was obtained from the 
Ph.D. thesis of Ryan (1), who used thiourea and 1-methyl 
-2-thiourea as complexing agents. The solvent system 
used was 50# dioxane-50# water, (% by volume). Where 
ligand solubilities permitted, similar data were ob
tained from studies involving aqueous systems for 
comparative purposes.



II. History of the Problem.
A) Stability (formation) constants: their nature 

and application.
One of the most familiar and most useful of chemi

cal concepts is that of relative stability of chemical 
compounds, and the coordination theory accounts for the 
existence and relative stabilities of many complex com
pounds. Mulliken (6) has pointed out that by sharing 
or transferring electrons, a nucleus in a molecule tends 
to be surrounded by a stable electronic configuration 
with a total charge approximately equal to that of the 
nucleus. However, the term "stability" is vague and is 
used in many different ways. Reference is made to 
stability toward aquation, thermal decomposition, oxi
dation, reduction and other types of reactions. For 
example, hydrogen peroxide is unstable toward decomposi
tion into water and oxygen, but is very stable toward 
decomposition into hydrogen and oxygen (3).

The concept of electron loss or gain has long been 
associated with oxidation or reduction. As applied to 
the formation of an essentially ionic compound, such as 
the reaction of chlorine with sodium, this concept is 
nearly correct. However, ambiguity arises when an 
attempt is made to apply electron loss or gain to cova
lent compounds. Moeller (7) suggested that it is more
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nearly correct to consider oxidation-reduction as an 
increase or decrease in oxidation states; this may be 
brought about with no change in the number of electrons 
associated with a particular nucleus. This tendency 
toward an increase or decrease in oxidation can, in many 
instances, be measured quantitatively as the oxidation 
potential of a half-cell reaction. (NOTE: Polarogra- 
phers choose to regard the signs of the potentials as 
opposite those of Latimer (8); i.e., they write the 
reaction in the form: oxidized state plus n electrons 
= reduced state.)

In general, the oxidation potential of any half
cell reaction is altered when the activities of the 
reactants or products are changed. The potential of 
the half-cell reaction

M° .y-., Mn+ + n electrons 
is described in terms of the Nernst equation to be

E « E° - JU In ;
nF A^o

where the A*s denote the activities.
One method of changing the activity of a product 

or reactant is to coordinate the ion in question with 
a complexing agent. The resulting change in oxidation 
potential is a quantitative measure of the degree to 
which a particular valence of this ion is stabilized.



Ease of reduction or oxidation of a complex ion at 
the dropping mercury electrode of the polarograph is 
different than that of the simple (aquated) metal ion, 
and half-wave potentials obtained under such conditions 
that the reactions are reversible have the great advan
tage of thermodynamic significance (relative in this 
work) and may be related to ordinary standard potentials 
If the reduction of the complex proceeds reversibly, 
the values of dissociation (stability, instability, 
formation) constants of the complex and the number of 
coordinated groups can be calculated from the change in 
half-wave potential in the manner described in the 
following section. Irreversibility of a process can 
easily be determined by this method, and many processes 
reported in the literature as reversible by classical 
methods have been found to be irreversible at the mer
cury dropping electrode. Application of the polaro- 
graphic technique has brought forth many examples of 
stabilization of oxidation states through coordination.

In many cases of complex formation, particularly 
in aqueous solution, the stabilities of compounds of 
similar type can be compared under such conditions that 
differences in coordination energy for different metals 
will be relatively large compared to differences in 
other energy terms such as heats of hydration of the



gaseous ions and the ligands involved. Under such 
conditions the stabilities of the complexes may be 
correlated with those factors influencing the energy 
of coordination.

Since nitrogen, oxygen and sulfur serve as the 
actual bonding atoms in a large majority of complex 
compounds, Sidgwick (9) divided the metals into three 
categories on the basis of their relative abilities to 
combine with oxygen by means of a normal covalent bond, 
or nitrogen by means of a coordinate covalent bond. 
According to his scheme, cadmium will be bonded to 
nitrogen stronger than to oxygen, and he also observed 
that the other metals in this same group are either of 
the palladium type (i.e., rather large and having only 
8 d electrons in the outer shell) or are small and have 
a nearly full d level.

In general, coordination is favored by a small ion 
of high charge and preferential coordination of a metal 
ion with a given element is a function of the electro
negativity of the metal ion.

If a metal achieves its maximum coordination number 
in the formation of a complex compound, the resulting 
compound is generally more stable than compounds in 
which fewer groups are coordinated (9). The exact rea
son why a metal fails to fill all available coordination



positions is undoubtedly a combination of many factors, 
but certainly the size of the ligand in relation to that 
of the metal ions is one such factor.

Pauling (10, 11) pointed out that the d orbitals 
of the penultimate shell are of great significance in 
bond formation. The transition elements have inner d 
orbitals of about the same energy as the s and p orbit
als of the valence shell, and it is with these elements 
that complex formation occurs most extensively if their 
d orbitals are not completely occupied by unshared 
electron pairs.

On the basis of quantum mechanics, Pauling (11) 
developed a theory which satisfactorily accounts for 
the relative strengths of bonds formed by the different 
atoms, the molecular configuration, and the magnetic 
behavior of complex compounds. He stated, that the 
stronger bond between two atoms will be formed by the 
two orbitals which can overlap more with each other, 
and that the bond so formed will be in the direction 
in which the orbital has the greatest density. From 
this theory of orbital hybridization, Pauling derived 
a number of results of chemical and stereo-chemical 
significance.

In the preceding paragraphs, the role of the metal 
in the coordination bond has been explained, now the



role of the ligand or complexing agent will be discussed.
If one accepts the definition of G. N. Lewis that 

a base is an electron donor, the process of coordination 
is an acid-base reaction in which the coordinated ligand 
acts as a base and the metal ion acts as an acid. The 
point is illustrated by comparing the typical acid-base 
reaction between ammonia and hydrogen ion with the simi
lar reaction between ammonia and copper (I) ion.

The formal analogy is apparent even though elementary 
considerations suggest that the ability of the positive 
ion to attract electrons will be influenced by many 
characteristics of the cation such as charge, size, 
polarizability, screening constants, and other proper
ties, as well as by properties of the ligand itself.
In view of the formal analogy, a correlation between 
the basic strength of a ligand and its coordinating 
ability is not unexpected, although one could hardly 
hope for a strict parallelism.

In 1928, Riley (13) suggested that any factor which 
increases the localization of negative charge in the 
base (coordinating ligand), makes the electrons more

■> H:N:H acid-base process 
H
H 
• •

H
Cu+ +:N*-H 

H
» Cu.'NiH coordination process 

H



readily available and thus increases the ability of the 
base to coordinate. These ideas were used to explain a 
number of phenomena.

Many attempts have been made to establish a linear 
relationship between the basic strength of a ligand and 
the complex forming ability of the ligand, and although 
this relationship was disputed (14, 15) it now seems 
well established that when systems of sufficient struc
tural similarity are compared, the relationship holds. 
Bruehlman and Verhoek (16) verified this relationship 
for silver amine-complexes, and Bjerrum (12) did the 
same for cyclic and primary amines.

Schwarzenbach and his co-workers showed a similar 
relationship for the stability constants of the amino- 
polycarboxylic acid complexes of the alkaline earths, 
and Calvin and Bailes (17) studied some chelates of 
copper (II) polarographically and obtained similar 
results.

Much work has been done along these lines involving 
complex diketones, alkyl substituted aromatic compounds, 
and many other organic complexing agents. To date, 
however, there has only been one work of this type 
recorded for the cadmium complexes of several of the 
alkyl-substituted thioureas (1), to which this is a 
supplement.



B) Mathematical background for polarographic 
measurements of stability constants. (4)

The polarographic method of chemical analysis is 
based on the interpretation of the current-voltage 
curves that are obtained when solutions of electro- 
oxidizable or electro-reducible substances are electro- 
lyzed in a cell in which one electrode consists of 
mercury falling dropwise from a very fine bore glass 
capillary tube. From the unique characteristics of 
such current-voltage curves both the species and concen
tration of the electro-reducible or electro-oxidizable 
substances present in the solution can be determined.
In 1925 Heyrovsky and Shikata invented an instrument 
called the polargraph with which dropping electrode 
current-voltage curves are obtained automatically and 
recorded photographically.

Since simple cadmium ions are soluble in mercury, 
the following statements and electrode reactions are 
valid:

(A) M(X)g++ ne + Hg ^ = ±  M(Hg) + pX ;
(B) M ( X ) ^ ^ = ±  Mn + pX ;
(C) Mn+ + ne + Hg —  - s M(Hg) ;

where M(Hg) symbolyzes the amalgam formed at the surface 
of the mercury drop and X is the complexing agent. If 
these reactions are reversible and very rapid compared
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to the rate of diffusion, then the potential of the 
dropping electrode at any point on the polarographic 
wave (Ede) is given by (5);

Ede = HO - M  in Cg f . .

*Hg CM fM
where Eg is the standard potential for the amalgam; Cg 
is the concentration of amalgam at the surface of the 
mercury drop; is the concentration of metal ion at 
the surface of the mercury drop; is the activity of 
mercury; and ffl and fM are the activity coefficients of 
the amalgam and the metal ion respectively.

If reaction (B) is fast enough to maintain equili
brium with reaction (C) then

Kc •  [Mn,][x]P - CMfM (V X )P j

M(X)p+ CMX^MX

where Kc is the dissociation constant and the brackets
denote concentration.

If E° + JBI In AHg is equated to some constant U; 
nF

and since
P - P °  BT In C°Ja ( CYf y ) PEde 3 Ea -BI ln — ^ " X X__

nF *Hg Kc CMX fMX
then

Ede - U + ai In K(. fMX - BI ln C^(CX)P .
"F fa(fx)P nF Cmx

Assuming all activity coefficients to be unity, equation
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[±) is obtained*
(1) Ede . U + 0.0591 log Kc - Q,.0.1?,21 log Cfl(CX)P .

n n CMX
Assuming that the rate of diffusion is directly 

proportional to the difference in concentration between 
the depleted surface layer and the body of the solution, 
the current at any point on the wave should be given by

(2) i * M cMX “ Cjfo) }
where Cj^ is the concentration of complex in solution, 
CMX is the concentration of complex at the electrode 
surface, and kc is proportional to the square root of 
the diffusion constant for the complex, i.e., the dif
fusion current constant for the complex.

10— “ ' ̂

8

* ‘ . 4 >;
<O 4 cc * o
* 2 ■. *

ResiduolCurrent

Fig. 1 - Typical current-voltage curve 
obtained with the dropping electrode, 
with an air-free solution of 0.013 
Molar ZnS04 in 0.1 Normal KC1.
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It will be noted in Fig. 1 that the current does 
not increase indefinitely with an increase in applied 
E.M.F. after the decomposition potential is exceeded, 
but gradually approaches a limiting value and finally 
becomes constant and independent of further increase in 
the applied E.M.F. Under optimum conditions, and with 
all other factors constant, the limiting current is 
directly proportional to the concentration of the 
electro-reducible substance. However, with an excess 
of some indifferent salt present in the solution, the 
limiting current is determined almost entirely by the 
rate of diffusion, which in turn is a function of the 
concentration of complexing agent; and is therefore 
called the "diffusion current", the symbol for which 
Is  i d .

Therefore,

(J2) id * kccMX 
Solving equation (2) for Cj^ ,

CMX * CMX " £
Kc

and substituting for from (.3) gives

{&) Cj©( * i d
kc

Similarly, the expression relating the current to 
the amalgam concentration is



in which ka is the diffusion current constant for the
amalgam and c£ represents the concentration of amalgam
at the surface of the electrode.

Substituting the values for Cg from (£) and cjj*
from (£) into Q) and assuming that the concentration
of complexing agent X is high enough that is always
greater than C°, one obtains*

(£) Ede » U + 0.0591 log Kc - 0.0591 log (C^P
n n

+ fit,,0,591 log ia - 2*2221 log__i_
n kc n id”*l

But at the half-wave potential, i * ^Ud^* and the last
term drops out of (£).
Therefore,

CZ) Ede * (E^)c . U + 0.0591 log M a
n kc

- 2*2221 P logn
Subtracting (X) from (£) one obtains*

CS) Ede . (E^)c - 0.0591 log

By a similar treatment, it can be shown that the 
half-wave potential for the simple ion, (EjJ , is

* S

(2) (E^)s = u - a^252i log ils
n ka

Subtracting C2) from (2) one obtains*



(12) (Ejr - (Eje a P.A591 log Kc - 2...Q221 log Is*5 C >38 n  ̂ n ^

*- 2*2221 P log Cj, n *
By differentiating (10) with respect to log it 

can be shown that the slope of the curve is equal to
~2.«2S?1 P» i*e«»n

d(Ê c  « -0.0591 p
d log Cx n j

and if (Eĵ )c is plotted against log Cx, a straight line
with a slope of -0.0591 p should be obtained. Similar-

n
lyf if Erfe in equation (£) is plotted against log i^.

a straight line with a slope of -0.0591 p should again
n

be obtained and (Eĵ )c at i * id may be obtained by 
extrapolation. If the curves in the graphs each have
a slope of -0.0591 p, the equations hold and the 

n
polarograph may be used.

I



III. Explanation and Modification of the DeFord - Hume
Equation.
A) Explanation.
It is a necessary condition of the Kblthoff 

mathematical treatment of polarographic data that only 
a single species exist in the varying but excess amounts 
of complexing agent. Thus complexes which tend to show 
stepwise formation or which tend to exist as a mixture 
of the mono-, bis-, tris-, and higher coordinated spec
ies in the presence of complexing agent could not be 
studied by the polarographic method. However, in 1950, 
Donald D. DeFord, of Northwestern University, and David 
N. Hume, of the Massachusetts Institute of Technology, 
published a mathematical treatment for the determination 
of successive formation constants from polarographic 
data (2). This expanded the scope of polarographic 
studies and made it possible to study the stability 
constants of the cadmium complexes of several alkyl- 
substituted thioureas, for which no results were avail
able prior to 1957 (1). These complexes not only exhi
bit stepwise formation but also exist as a mixture of 
the simple ion, and the mono-, bis-, tris-, and tetra- 
coordinated species.

If the electrode reactions (A), (B), and (C) in 
Section II-B are reversible, the potential of the
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dropping electrode is given by
(11) Ede - E° - ai in fa = Ej - 0.0591 log j

"F c£ " eg

and the equation for the formation of each complex is 
j(X) + Mn* ~ — ^ MXj i

in which j denotes the various coordination numbers 
exhibited in the stepwise formation of the complexes. 
The formation constant, kj, is therefore

k } . J 2 “ i_
(CX>JCM

Solving for and CM, one obtains

(12) cMXj * kj(cX ^ GM » 
and

MXj(12) CM : ~ M
W 3S

If the complexing agent is present in large excess, the 
concentrations at the electrode surface may be substi
tuted into (12)# which gives

CMXj * kjCM^GX̂
If the equations for the formation of all the individual 
complexes are added, then

iJ
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or

(1 4 ) CM 8

Substituting the value of from Q4) into (H), one 
obtains

Applying equations (.2), (2) and (£) to this situation

in which Ic and Ia are the diffusion current constants 
for the complex and the metal amalgam respectively, and 
k is a proportionality constant; i.e., kc = klc, and

k. ■ kV
It is now obvious that a combination of equations

(12)» (16)# (12) and (lfi); plus the fact that Ede « E^ 
when i a ^(i^) will result ln an expression for the 
half-wave potential of the reducible ion in an excess 
of complexing agent; which is

(15) Eda a E° - 0.0591 log kJ(Cx|_
n

and
(IS )  i  = k l .c S
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(12) (Ê ) = E° - 0.0591 log it I kj(Cx)J •
n Ia j

Similar considerations show that the half-wave potential 
of the simple ion, (E^)st is given by
(22) (Ê )s * E° - a*fl52i log is i

3

in which Is represents the diffusion current constant 
for the simple ion. Subtracting (2£2) from (JL2.) and 
letting n * 2 gives

(21) Il<j(Cx>J= «"tllog[33.84 (jEij), - (E^)c]

+ log ^  
*c )

The symbol F0(X) is used to represent the left 
side of equation (2JL)} i.e.,

F0(X) = Ikj(Cx) 
j

the expansion of which from zero to four gives:
(22) F0(X) = k0 + kjC* + kjfC*)2

+ k^tC^) + k̂ (Cĵ ) •

Therefore at Cx = 0, FQ(X) z k0j which is obtained 
graphically by extrapolation of the curve of the plot 
of F0(X) vs. Cj( to zero concentration. Also, the 
derivative of equation (22) at * 0 gives

d Pp(X) = kx 
d£X
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In other words, the limiting slope of F0(X) at Cx * 0 
is equal to k]_.

If, from the value of F0(X) in (22), one subtracts 
k0 and then divides by the concentration of complexing 
agent, the result is

(22) Fq(X) - kQ * FX(X) « kx + k2cx

CX 0 3
+ k3(cx r  + k4(Cx)':J .

Similar treatment of (23) shows that at : 0, *^(X) s 
k]_, and also that the limiting slope of F^(X) at * 0 
is equal to k2. This serves as a check, if the slope 
of Fj(X) is the same, or at least has the same order of 
magnitude as Fj+i(X) at Cy s 0.

The succeeding functions are derived in the same 
manner; i.e.,

F2(x) r F^X) - k,
5

Fa{x) = F2(x) - k2 
cx

and F4(X) s F3(X) - k3
CX

Each of these curves may also be checked with the pre
ceding one in the manner described above.

B) Modification.
Ilkovic (18) was the first to solve the complex 

problem of diffusion to the dropping electrode and to



derive an equation for the resulting current. The 
Ilkovic equation was re-derived in a more exact way by 
MacGillivray and Rideal (19), who obtained the same 
final expression for the diffusion current. This 
equation was adapted for use in the derivation of the 
value of the diffusion current constant which is given 
by (24). j, y

(24) ks = 605 n D* m V  
in which ks is the diffusion current constant for the 
simple metal ion, n is the number of electrons trans
ferred in the reduction at the surface of the mercury 
drop of mass m, Dg is the diffusion coefficient of the 
simple metal ion, and t is the drop time.

Heyrovsky and Ilkovic (20) showed experimentally 
that the ratio ks/kg is constant and independent of 
such factors as the characteristics of the capillary 
used, the rate of mercury flow, and drop time. They 
thereby justified the assumption that k depends on

O

these factors in the same way as ks and is given by
(22) ka « 605 n Dg tPt* ;

which is identical with (24) except that it contains 
Da, the diffusion coefficient of the metal in the 
amalgam. Therefore ks/ka is simply equal to (Dg/Da) .

From equations Q2) and (Jjg) plus the fact that
k_ * klr and k„ » kl , it can be shown that since the c c a a
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concentrations of metal ion in the amalgam and complexed 
metal ion are equal:

(1d>a ' Li * (E&Y2 !
HdTc kc VDC J

and since kg/kc = l#Ac» then 1a^c * ^d^a^^d^c* 
Therefore, it can be shown that

Ic  ̂d^c *
and the ratio Ud)s/Ud)c may be substituted for the 
last term in equation (21).

If the graph of the diffusion currents for the 
complex vs. the molar concentration of the complexing 
agent is extrapolated to zero concentration, i.e., 
infinite dilution, the value obtained will be the dif
fusion current of the simple ion, (i^)s or simply is. 
This was done and the value obtained for is was 3.82 
microamperes (Fig. 2) which was substituted into 
equation (21).

A value of - 0.570 volts was assumed for (E^)g# 
and was also substituted into equation (21) which gave 
(26) F0(X) « antilog | 33.84 ^0.570 - (Ê )

+ log 1*32 1 ;
*c I

in which FQ(X) is the value of FQ(X) obtained by assum
ing (Ê ) = -0.570.
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A series of F0(X) was then calculated over a range 
of concentrations of thiourea using the values for (Hĵ )c 
and ic determined by Ryan (1). Upon extrapolation of 
the curve obtained by plotting F0(X) vs. the molar 
concentration of thiourea to zero concentration, it was 
found that F0(X) did not intercept at one at infinite 
dilution, as it should if the assumed value for (E^)g 
were correct, but rather at 0.63 i 0.15. Since 
1.00/0.63 is equal to 1.5783 the values of F0(X) ob
tained by equation (j2&) had to be multiplied by this 
number in order to move the curve into such a position 
that FQ(X) s F0(X) * 1.00 at zero concentration. In 
other words, since log 1.5783 a 0.20066}

The estimated value of (E^)s had to be corrected to
-0.564 volts in order to fit the known conditions.
This correction yielded a satisfactory value for (Ej$)s
which cannot be obtained experimentally. This corrected
value for (Ej$)s was then substituted into equation (21)
together with the experimentally determined values of
(Ew) and i for the cadmium complexes of thiourea and 

*2 C C

methylthiourea and the results recorded (Tables 2 and 3).

(27) F0(X) r i
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TABLE 1

Values of F0(X) derived from the DeFord-Hume Equation 
(21) by Assuming the Value of (Eĵ )s Equal to -0.570.

Sc *(E«S)c
V.

id
(Mic.ro.amD s.).

0.0000 (0.564) (3.82)
0.0415 0.574 3.75 1.391
0.0464 0.575 3.74 1.508
0.0675 0.582 3.67 2.651
0.0789 0.585 3.60 3.415
0.0986 0.590 3.56 5.098
0.1315 0.598 3.51 9.644
0.2625 0.628 3.12 112.36
0.2952 0.633 3.06 169.15
0.4295 0.650 3.04 640.31
0.5634 0.664 2.97 1,951.0
1.0242 0.692 2.58 19,903.
1.2008 0.702 2.51 44,593.
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TABLE 2
Values of Fj(X) in DeFord-Hume Equation 

* for Consecutive Formation Constants of
Cadmium-Thiourea Complexes in 50# Dioxane.

cx F0(X) F i (X) f2(x ) f3(x ) f4(x )

n nnnnyj . uuuu UUUU;
0.0415 2.2134 29.248 295.13
0.0464 2.3936 30.034 280.91
0.0675 4.2085 47.533 452.34
0.0789 5.4202 56.022 494.58
0.0986 8.0922 71.928 557.07 3,012.9
0.1315 15.308 108.80 698.08 3,339.0
0.2625 178.36 675.65 2,509.2 8,568.4 32,642.
0.2952 268.49 906.10 3,011.9 9,318.6 31,567.
0.4295 1,016.4 2,364.2 5,465.0 12,119. 28,216.
0.5634 3,096.9 5,495.0 9,723*0 16,796. 29,812.
1.0242 31,592. 31,563. 31,518. 31,231. 31,204.
1.2008 70,783. 58,946. 50,226. 41,610. 34,652.

kQ = 1.00; k1 = 17.0*3 • o jr fO II 260*75; k3 ii o ■ 31,600*3



Cadmium (II) Complexes with Methylthiourea in 50% Dioxme
TABLE 3

°x “(V c
V.

id
(Microamps)

0.0000 (0.564) (--- )
0.0476 0.574 1.75
0.0571 0.577 1.72
0.0635 0.579 1.71
0.0714 0.581 1.69
0.0816 0.584 1.67
0.0952 0.588 1.64
0.1588 0.609 1.61
0.2041 0.620 1.59
0.2381 0.628 1.57
0.3572 0.646 1.50
0.4088 0.653 2.94*
0.4770 0.662 2.94
0.5724 0.670 2.89
0.6360 0.676 2.86
0.8177 0.689 2.77

This value and all following values of i^ resulted from
- • 3solutions which were 10 N with respect to Cd(N03)2.

The others are for solutions in which 5.0 x 10~4 N
Cd(N03)2 was used.



TABLE 4

Values of Fj(X) in DeFord-Hume Equation for Consecutive 

^  Formation Constants of Cadmium-Methylthiourea Complexes.
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cx F0{X) Fi(X) f2 {x ) f3 (x ) F4(x)

n nnnnw« VVVW \X•UUUUf

0.0476 2.3792 28.974 --------------- — — — — — —

0.0571 3.0581 36.044 386.05

0.0635 3.5947 40.862 423.03

0.0714 4.2506 45.526 441.54

0.0816 5*4342 54.341 494.38

0.0952 7.5562 68.867 576.33 -- --------- — —

0.1588 39.539 242.69 1,440.2 7,356.3 46,353*

0*2041 94.340 457.33 2,172.2 9,663.0 47,345.

0*2381 178.20 744.22 3,066.9 11,738. 49,415.

0.3572 758*32 2,120.2 5,896.4 15,746, 44,082.

0.4088 1,335.0 3,263.2 7,948.2 18,777. 45,932.

0.4770 2,692.7 5,643*0 11,801. 24,170. 50,670.

0.5724 5,107.4 8,921.2 15,561. 26,692* 46,628.

0.6360 8 ,237.0 12,950. 20,340. 31,554. 49,612.

0.8177 23 ,420. 28,641. 35,009. 42,482* 51,952.

k0 = 1.00; kx = 14.0±3.0; k2 - 272*75; k3 = 0; k4 * 48,000*4,000
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Fig. 8
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V. Conclusion.
It has bean shown by Mizushima and his associates 

(21) that thiourea coordinates through the sulfur atom. 
This fact, together with Riley’s postulate (13) that 
the coordinating power of the ligand is a function of 
the electron density, would tend to support the theory 
that the electron releasing effect of the methyl group 
of methylthiourea causes an increase in electron density 
of the sulfur atom and therefore increased coordinating 
ability.

Thus it is to be expected that the methylthiourea 
complexes be more stable than the thiourea complexes, 
and this is verified by comparing the consecutive 
formation constants for the two types of complexes.
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