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Complex Ions. I. The Identification of Complex Ions in Solution by Spectrophoto
metric Measurements1 

BY WARREN C. VOSBURGH AND GERALD R. COOPER 

A method for the identification of compounds 
formed in solutions by reaction of two components 
has been described by Job.2 The method is ap
plicable to complex ions. The formation of many 
complex ions can be represented by the equation 

A + HB - ^ - AB,, (I) 

in which A is a metallic ion and B may be either a 
molecule like ammonia or an anion. To deter
mine n, solutions of A and B of the same molar 
concentration are mixed in varying proportions, 
and a suitable property of the resulting solutions 
is measured. The difference (F) between each 
value found and the corresponding value of the 
property calculated for no reaction is plotted 
against the composition. The resulting curve 
( F against composition) should have a maximum 
if the property measured has a larger value for the 
complex ion than for A or B, or a minimum if 
smaller. Job has shown that the composition at 
which the difference F is a maximum bears a 
simple relation to n of Equation I and is independ
ent of the equilibrium constant. This method has 
been called the method of continuous variations. 

If the molar concentrations of the solutions of 
A and B are not the same, the position of the maxi
mum in the curve is a function of the equilibrium 
constant as well as of n. If n is known and the 
stability of the complex ion not too great, the 
equilibrium constant can be determined. 

The absorption of monochromatic light is a 
suitable property for this method, because com
plex ions are often differently colored from their 
components. Also, the absorption of light is pro
portional to the concentration of the absorbing 
species, which is one of the necessary conditions. 
Spacu and Popper3 have used the refractive index 
also. 

While Job's results for several complex ions 
seemed satisfactory, a series of mixtures contain
ing cupric and bromide ions and another contain
ing nickel ion and ammonia gave inconclusive re-

(1) Part of a thesis submitted in partial fulfillment of the require
ments for the degree of Doctor of Philosophy in the Graduate School 
of Arts and Sciences of Duke University, June, 1039. 

(2) Job, Ann. chim., [10] 9, 113 (1928). 
(3) Spacu and Popper. BuI. soc. stiinte Cluj 7, 400 (1934); 8, 

.", (1934). 

suits. Job noted that de Wijs4 had found it nec
essary to assume the formation of three different 
complex ions from nickel ion and ammonia. In 
a later paper6 he has shown that cupric and bro
mide ions form two different compounds and has 
pointed out that the method of continuous varia
tions is not generally applicable when more than 
one compound is formed. 

It seemed to the present authors that the 
method of continuous variations would be more 
useful if it could be readily ascertained in any 
particular case whether or not more than one 
compound is formed from a pair of components. 
It was also of interest to see what use, if any, 
could be made of the method when more than one 
complex ion is formed from the same components. 

Theoretical 

Let us assume, with Job, that substances A and 
B react according to Equation 1, and that solu
tions of A and B, both of concentration M moles 
per liter, are mixed in varying proportions. Let 
the mixtures be made by the addition of x liter of 
B to (1 — x) liter of A (x < 1), with no appreciable 
volume change on mixing. Let ch c2 and C3 be the 
concentrations of A, B and AB„, respectively. 
For any mixture the following equations apply 

Ci = M(I - *) - c, (1) 
C2 = Mx — nci (2) 

cic/' = Kc3 (S) 

Activity coefficients are not needed in Equation 3 
if A and AB„ are ions of the same valence type, 
and B is a non-electrolyte. The condition for a 
maximum in the curve of C3 plotted against x is 
that 

dc3/dx = 0 (4) 

Differentiation of Equations 1, 2 and 3 and com
bination of the three resulting differential equa
tions with Equations 1 to 4 gives 

n = xf(X - x) (5) 

Determination of the value of x for which c% is a 
maximum allows the calculation of n by Equation 
5. 

It remains to be shown that a maximum (or 
(4) De Wijs, Rec. trav. chim., 44, 689 (HlLTi). 
(5) Job, Ann. chim.. [U] 6, 97 (1936). 
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minimum) in the absorption of monochromatic 
light when x is varied coincides with the maximum 
of C3. If «1, «2 and e3 are the extinction coefficients 
of A, B and AB „ at a given wave length, the 
optical density, d, is 

d = l{eiCi + e2Ci + C8C3) (6) 

where I is the length of path of the light through 
the solution. 

Let F be the difference between d of Equation 6 
and the optical density that the solution would 
have had if there had been no reaction on mixing 
the solutions of A and B. 

Y = I [eiCi + e2c2 + S3Cs - CiAf(I - x) - e2Mx] (7) 

By differentiation of Equation 7 with respect to x 
it can be shown that F is a maximum when C3 is a 
maximum if e3 > ei, or a minimum when C3 is a 
maximum if e3 < «i. 

It has been assumed so far that only one com
plex ion is formed. Let us now suppose that a 
second complex ion is formed according to the 
equation 

ABn + gB ^ ± AB(n + g) (II) 

Let the concentration of the second complex ion be 
C4. A C4 term must be added to Equation 1, an
other to Equation 2, and another equation added, 
namely 

C3C2S = K'Ct (8) 

The condition for a maximum in C3 can be shown 
to be 

If the stability of the two complex ions is such 
that when C3 is a maximum C4 is small, n can be 
determined, provided that the maximum in C3 can 
be found experimentally. Similarly, it can be 
shown that (w + q) can be determined from the 
composition corresponding to a maximum in C4, 
provided that at the maximum C3 is small. 

If three complex ions can be formed from the 
same two components, and if they are rather 
stable, the situation should not be much different 
than when only two are formed. When an ap
preciable amount of the third ion is present, the 
amount of the first should be small, and it is 
necessary to consider only two complex ions 
at a time. 

The use of the optical density for the deter
mination of the composition values corresponding 
to the concentration maxima is not as simple when 
two or more compounds are possible as when only 
a single compound is formed. If the extinction 

coefficient of compound B is assumed to be zero 
which is often true in complex ion formation, the 
optical density of any of the solutions is given by 

d = 1(.HC1 + (SC3 + Ud) (10) 

The difference Y, defined as for Equation 7, is 

Y = Z[SiC1 + C3C3 + C4C4 - 61JW-(I - * ) ] ( H ) 

Differentiation of Equation 11 and combination 
with 

p = -M - p - p (12) 
dx dx dx 

(see Equation 1) gives 

fx = ,[<„ _ £ l ) g + (64 - 61)^] (13) 
In general, the maximum (or minimum) value of 
Y will not coincide with the maximum in either 
C3 or C4, since it is not necessary for either dc3/dx 
or dd/dx to be zero when AY/dx is zero. Fur
thermore, the value of * at which AY/dx is zero 
should vary with the values of the extinction co
efficients and so with the wave length used. 

However, there are some useful special cases in 
the application of Equation 13. If the wave 
length can be chosen so that «4 = «i and e3 ̂ = «i, 
the maximum in Y corresponds to the maximum 
in C3. Also, if the wave length is such that e3 = u 
the same is approximately true, provided that the 
complex ions are highly stable. The condition 
for maximum F is then 

g + i - ° <i4> 
When C4 and dc4/dx are small, as they must be 
when C3 is a maximum (if compound ABM is highly 
stable), the maximum in Y corresponds approxi
mately to the maximum in c3. 

I t can be shown similarly that a slightly differ
ent F-function is a maximum when C4 is a maxi
mum, provided that e4 is considerably larger than 
e3. Beyond the point of maximum AB„ concen
tration, as more B is added, AB(K + Q) is formed 
from AB„. If e4 = e3, this reaction causes no 
change in light absorption, but if «4 is enough larger 
than €3, the optical density of the solution will con
tinue to increase after C3 is a maximum in spite of 
the continuous dilution of the solution as B is 
added. Let us define F ' as the difference be
tween the actual optical density and the density 
calculated on the assumption that all of the A has 
been converted to AB„, but that the latter does 
not react further with B. Let us assume further 
that the complex ions are so stable that when con
siderable AB („ + 8) is present, there is no appre-
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ciable A left uncombined. The condition for 
maximum Y' can then be shown to be 

and since u — 63 is finite, dci/dx must be zero and 
C4 is either a maximum or a minimum. 

Experimental 
Formation of Dichromate Ion.—The above theory indi

cates that if two or more compounds can be formed from 
components A and B, the value of * at which Y is a maxi
mum should vary with the wave length of the light used 
for the measurement. If only a single compound is 
formed, Y should be a maximum at a fixed value of x 
regardless of the wave length, provided that the extinction 
coefficient of the compound differs from that of the colored 
reactant. I t should then be possible to determine 
whether or not more than one compound is formed, by use 
of several different wave lengths. 

Before testing this conclusion with a pair of components 
that may be presumed to form more than one compound, 
it seemed desirable to t ry a pair that form only one. For 
this purpose potassium chromate and hydrochloric acid 
were chosen. The acid chromate ion HCrCU- is a weak 
acid, but the first ionization constant of chromic acid is 
so large that a negligible amount of undissociated chromic 
acid would be present in a solution of acid chromate (and 
dichromate) containing only a small excess of hydrochloric 
acid.8 I t can be considered tha t practically the only re
actions are 

CrO4- + H 3 O + ^ ± HCrO 4 -

2HCrO 4 - ^ Z t Cr2O7" + H2O 

The formation of the dichromate ion will not interfere 
with the method; the maximum concentration of dichro
mate ion must come at the same value of * as the maximum 
•concentration of acid chromate ion. The maximum in 
both ions should come a t the point a t which equal volumes 
of the equimolar solutions of acid and chromate have 
been mixed. The maximum in Y should coincide with 
the composition maximum. These conclusions are strictly 
correct only if the ionic strength remains constant as the 
composition is changed, since activity coefficients should 
be included in the equilibrium equations. The activity 
coefficients, if constant, have no more effect on the position 
of the maximum than the equilibrium constant. How
ever, constant ionic strength was not considered necessary 
in the present case, because the object was to test the ef
fect of varying wave length. 

A 0.1 i f potassium chromate solution was prepared by 
weighing the required quantity of the recrystallized salt. 
Mixtures of this solution with 0.1 JW hydrochloric acid 
solution were made in the proportions shown in Fig. 1, 
x ml. of acid solution being added to (1 — x) ml. of chro
mate solution. The optical densities were measured at 
wave lengths 555, 545, 535, 525 and 505 ra/j, by means 
of a Bausch and Lomb spectrophotometer. Some addi
tional measurements were made using 0.001 M solutions at 
wave lengths 470 and 410 m^ by the use of a Coleman 
Double Monochromator spectrophotometer with a 30 

(6) Neuss and Rieman, T H I S JOURNAL, 56, 2242 (1934). 

ray. slit.7 Figure 1 shows the values of the difference, Y, 
between the measured density and that calculated from 
the density at the same wave length of the pure chromate 
solution assuming no reaction on mixing the two solutions. 
For most of the curves the Y-values have been multiplied 
by a factor (constant for a particular curve) to save space. 
All wave lengths gave a definite maximum or minimum at 
x = 0.5. This is what would be expected on the basis of 
the above theory for a pair of substances that react (ap
preciably) only in the molar ratio of one to one. The 
curve for 410 ran has a minimum instead of a maximum 
because the extinction coefficient for the chromate ion is 
larger than that for the dichromate ion at this wave length 

1 1 1 1 1 1 1 T 

Fig. 1.—Difference Y for mixtures of equimolar solutions 
of potassium chromate and hydrochloric acid. The ordi-
nates of most of the curves have been either increased or 
decreased for economy of space. 

Nickel Ion and o-Phenanthroline.—Nickel ion may be 
expected to form more than one complex ion with o-
phenanthroline in solution, since solid complex salts 
containing two and three molecules of the base to one 
atom of nickel have been prepared.3 Also, copper complex 
salts containing one and two molecules of o-phenanthroline 
to one atom of copper have been prepared by Blau8b 

(page 683). I t seemed possible that nickel ion might form 
complex ions with o-phenanthroline having coordination 
numbers (neglecting hydration) of two, four and six, as 
it does with ammonia according to de Wijs.4 

Since o-phenanthroline is little soluble in water, it was 
not possible to prepare a solution of suitable concentra
tion. To make a series of mixtures, 40(1 — x) ml. of 0.1 
M nickel sulfate solution was diluted with 40* ml. of 
water and the amount of solid o-phenanthroline required 
for iOx ml. of 0.1 M solution was dissolved in the solution. 
The nickel sulfate had been treated for the removal of 
cobalt9 and recrystallized. The o-phenanthroline was re-
crystallized. 

The optical density of the solutions was measured a t 
wave lengths 500, 525, 540, 550, 585, 611, 635 and 650 ray. 
by means of the Bausch and Lomb spectrophotometer 

(7) For these measurements the authors are indebted to Mr. 
Robert K. Gould. 

(8) (a) Pfeiffer and Tapperman, Z. anorg. allgem. chem., 215, 273 
(1933); (b) Blau, Monatsh., 19, 679 (1898). 

(9) Deakin, Seott and Steele, Z. physik, Chem., 69, 126 (1909). 
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and a curve was drawn for each solution in order that 
interpolations could be made. 

I t will be apparent later, in agreement with theory, 
that a random selection of a single wave length for the de
termination of a curve similar to one of the curves of Fig. 1 
would lead to unsatisfactory conclusions. In order to be 
able to select wave lengths in accordance with the theory, 
the absorption spectra were determined of solutions con
taining nickel ion and o-phenanthroline in the molar ratios 
1:1, 1:2 and 1:3. They are shown in Fig. 2. If it is tenta
tively assumed that relatively stable compounds are formed 
in these ratios, wave lengths may be selected that should 
be suitable for testing the assumption. For the first 
compound, the wave length 620 m,u should be suitable, 
since at this wave length the 1:1 and 1:2 mixtures have the 
same extinction coefficient, and it may be presumed that 
the corresponding compounds have nearly the same ex
tinction coefficient. The small absorption of the third 
compound at 620 rmt is favorable, also. Similarly for the 
second compound, the wave length 580 m/j should be 
suitable and for the third 528 mji, since for the third it is 
only necessary that the extinction coefficient exceed that 
of the second as much as possible.10 

500 560 620 680 
Wave length, my.. 

Fig. 2—Absorption spectra of solutions containing 0.02 
mole of nickel sulfate per liter and 0.02, 0.04 and 0.06 
mole, respectively, of o-phenanthroline. The tube length 
was 4 cm. 

At the appropriate wave lengths, density values were 
read from the above-mentioned curves for the mixtures 
of the 0.1 M nickel sulfate solution with water and phenan-
throline. These densities were plotted against the com
position x, giving the three curves of Fig. 3 that are labelled 
with wave lengths. The straight line in the lowest part 
of Fig. 3 represents the calculated densities for no reaction. 
The differences in ordinates between the density curve and 

(10) This is true if no compound exists with a higher ratio of o-
phenanthroline to nickel ion than one to three. Some more recent 
experiments have shown that a solution containing nickel ion and o-
phenanthroline in one-to-four ratio gives a curve little different from 
the one-to-three curve of Fig. 2, 

the straight line were plotted against x giving the curve 
labelled F. The difference F has its maximum value when 
x = 0.475 which is as close to 0.50 as could be expected. 
This indicates the existence of an ion of the composition 
Ni(phen) + + . 

Fig. 3.—Absorption of mixtures of (1 — x) liter of 0.1 M 
nickel sulfate solution with x liter of water and 0.1 x mole 
of o-phenanthroline for wave lengths 528, 580 and 620 mjj. 
The straight lines are calculated density curves for no re
action, and the curves Y, Y' and F" show the differences 
between the density curves and the straight lines. The, 
measurements were made in 10-cm. tubes and the measured 
densities were multiplied by 0.75 in plotting. 

In the middle part of Fig. 3 the straight line gives den
sities calculated on the assumption that the ion Ni(phen) + + 

is formed, but does not react with excess phenanthroline. 
The density of the hypothetical pure Ni(phen) + + solution 
at x = 0.5 was calculated from the point on the density 
curve for wave length 580 mji at which x = 0.25, together 
with the data for nickel ion from Fig. 2. Errors in this 
calculated density would have only a small effect on the 
conclusions. The difference curve for 580 rmj, labelled F ' , 
gives the difference between the other two curves as a 
function of x. The maximum comes at 0.685 as compared 
with the expected 0.667 for the ion Ni(phen) 2

+ + . 
The upper part of Fig. 3 is enough like the middle part to 

need no special description. The maximum in the curve 
Y" comes at x = 0.754 indicating the ion Ni(phen)3

+ + . 
Curves similar to the Y" curve were constructed directly 
from the experimental densities for wave lengths of 500, 
.540 and 550 nui and they were very similar to the F" curve 
and had maximum values close to x = 0.75. 

Nickel Ion and Ethylene diamine.—A similar series of 
experiments was carried out with nickel sulfate and ethyl-
enediamine solutions. Three different ions may be ex-
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pected here also. Grossman and Schiick11 prepared thio-
cyanates with one, two and three moles of ethylenedi-
amine per mole of nickel thiocyanate and Inoue12 found 
evidence from absorption spectra of the existence of the 
three corresponding ions in solution. 

i 1 1 1 1 1 r 

500 560 620 680 
Wave length, mp. 

Fig. 4.—Absorption spectra of solutions containing 0.02 
mole of nickel sulfate and 0.02, 0.04 and 0.06 mole of 
ethylenediamine per liter; tube length 4 cm. 

The ethylenediamine was purified by fractional distilla
tion. A solution was prepared and standardized by 
titration with standard acid, with methyl orange as the 
indicator. Solutions were prepared 0.02 M in nickel sul
fate and in addition 0.02, 0.04 and 0.06 M in ethylenedi
amine, respectively. Figure 4 shows the absorption spec
tra of these solutions. Mixtures were then prepared of 0.1 
M nickel sulfate and 0.1 M ethylenediamine solutions and 
the optical densities measured at several wave lengths. 
The y-curves are given in Fig. 5. These were constructed 
in the same manner as the corresponding curves of Fig. 3, 
except that the density values were directly determined 
instead of being found by interpolation. The F-curve for 
622 m/i has a maximum at x = 0.483 indicating the ion 
NTi(en) + + . The F ' curve for 578 m/i has a maximum at 
x = 0.67 indicating Ni(en) 2

+ + , and two !"'-curves, for 545 
and 530 mji, have maxima a little beyond x = 0.75, indicat
ing Ni(en) 3

+ + . 

i 1 1 r- r 

0.3 0.5 0.7 
x. 

Fig. 5.—Differences Y, Y' and Y" for mixtures of (1 — x) 
liter of 0.1 M nickel sulfate and x liter of 0.1 M ethylene-
diamine. The dotted curve is for 600 rmj. The ordinates 
of the curve for 530 m^ have been increased by 0.60. 

(11) Grossman and Schiick, Z. anorg. Chem., 50, 4 (1906). 
(12) Inoue, J. Chem. Soc. Japan, 84, 63 (1933); Chem. Abstracts, 

27, 2382 (1933). 

The dotted curve starting at # = 0.5 is the F'-curve for 
wave length 600 m/i, Reference to Fig. 4 shows that this 
is an incorrect choice, since the one-to-three mixture 
has an appreciably smaller density a t this wave length 
than the one-to-two mixture. The resulting F-curve has 
a broad maximum between * = 0.60 and * = 0.65, and 
this does not correspond to any simple ratio of ethylene-
diamine to nickel ion. 

The curve for 530 mix was determined with 0.199 M 
solutions. I ts ordinates were increased by 0.60 in plotting 
to avoid confusion. That the curves for both 545 and 
530 mn have maxima near * = 0.75 emphasizes again 
the fact that for the identification of the compound of 
highest B content any wave length that is absorbed con
siderably more strongly by this compound than by the 
others will be satisfactory. 

Copper Ion and Ammonia.—-Job2 (p. 186) measured the 
absorption of a series of mixtures of a copper nitrate solu
tion and an ammonia solution. His F-curve had a maxi
mum at x = 0.8 indicating the ion C u ( N H 3 ) ^ + . Since 
his measurements were made a t only one wave length, 
615 rmi, there was no evidence that this ion is the only one 
formed. 

In addition to the ion C u ( N H 3 ) ^ + there is reason to look 
for the ion Cu(NH 3 ) 2

+ + because of the existence of com
plex salts containing one mole of dipyridyl or o-phenanthro-
line per gram-atom of copper sb and because of the evidence 
for the analogous nickel compound.4 

The absorption spectra of a series of solutions containing 
0.02 mole of copper sulfate, about 2.5 moles of ammonium 
sulfate, and from 0.02 to 0.12 mole per liter of ammonia are 
given in Fig. 6. The absorption spectra do not suggest 
the existence of more than two compounds, although more 
definite conclusions might be possible if the region of wave 
lengths longer than 710 rmi were available. 

T 1 1 1 r 

500 560 620 680 
Wave length, tail. 

Fig. 6.—Absorption spectra of solutions containing 0.02 
mole of copper sulfate, 0.02 to 0.12 mole of ammonia and 
2.5 moles of ammonium sulfate per liter. The tube 
length was 1 cm. 

If only the ions Cu(NHs)2
++ and Cu(NHa)4

++ exist, a 
variety of wave lengths should be available for confirma
tion of the tetrammine ion by the method of continuous 
variations, among them the 615 m/i used by Job. The 
diammine ion could only be found with a wave length in 
the vicinity of 710 ray,, where the absorption is nearly 
the same for several of the mixtures, particularly the one-
to-two and one-to-six mixtures. Figure 7 shows the F 
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and Y' curves resulting from measurements of a series of 
mixtures of 0.104 M copper sulfate solution and 0.103 M 
ammonia solutions, with enough ammonium sulfate to 
prevent precipitation. Wave lengths 710 and 720 m/x led 
to maxima at ^-values of 0.65 and 0.68, respectively, in
dicating the ion Cu(NHs)2

+"1". The curve for wave length 
575 mp has a maximum at 0.795, indicating the ion Cu-
(NHj)4 Wave length 545 m/z gave practically the 
same results as 575. 

IH 
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Fig. 7.—Differences Y and Y' for mixtures of (1 — x) 
liter of 0.104 M copper sulfate and x liter of 0.103 M am
monia, and enough ammonium sulfate in both solutions 
to prevent precipitation. The ordinates of the curve for 
720 mfi have been decreased by 0.10 in plotting. 

Some measurements were made on solutions containing 
nickel ion and ammonia, but the results were less satis
factory than for copper. The complicated nature of the 
equilibria, combined with too low stability of the ions 
formed, was probably the reason. The results, as far as 
they went, were in agreement with the conclusions of 
de Wijs4 concerning this system. 

Discussion 

As Job has pointed out,5 the method of continu
ous variations is a simple and rapid method for 
determining the formula and also the stability of 
a compound provided there is assurance that only 
a single compound is formed from the compo
nents in question. The above observations give a 
method of determining whether or not more than 
one compound is formed, provided that the ab
sorption of light is the property employed. I t is 
only necessary to make measurements with a 
variety of wave lengths, covering the region of the 
spectrum absorbed. If all wave lengths lead to 
the same result, as in Fig. 1, it may be concluded 
that only a single compound is formed. One ex
ception to this should be mentioned; a colorless 
compound might be overlooked if formed in addi
tion to a colored one. 

If more than one compound is formed, the 
method of continuous variations can still help in 
gaining information as to the formulas for the 
compounds, if the compounds are sufficiently 
stable. Caution is necessary in such cases, and 

the conclusions might well be held as provisional 
until checked by a quantitative method. 

Indications are sometimes given by the shape 
of the curves in the method of continuous varia
tions as to the existence of more than one com
pound. For example, Fig. 1 may be compared 
with the topmost curve in Fig. 3. The latter is 
convex toward the #-axis because the first com
pound formed when o-phenanthroline is added to 
nickel ion does not absorb much light of wave 
length 528 m/j,. As x increases more and more of 
the strongly absorbing compound is formed at the 
expense of the first. Job's curve for copper sul
fate and ammonia is similar in shape, as were also 
the corresponding copper-ammonia curves for 
wave lengths 575 and 545 mp of this investigation. 
This is additional evidence for a compound of 
copper ion and ammonia with less than four moles 
of ammonia per gram-atom of copper. 

Summary 

The theory of the method of continuous varia
tions as given by Job is reviewed and extended to 
cases in which more than one compound is formed 
from a given pair of components. 

The method has been applied to the formation 
of acid chromate and dichromate ions as an ex
ample of the case where the components react in 
only a single ratio. I t has been applied to the 
complex ions formed by nickel ion with o-phen
anthroline and with ethylenediamine, and also to 
the complex ions of copper ion and ammonia, as 
examples of cases in which the components react 
in more than a single ratio. The absorption of 
monochromatic light was the property measured 
in each case. When only a single compound is 
formed, the results are independent of the wave 
length of the light used. When more than one 
compound is formed, the results obtained depend 
on the wave length of the light, and for useful con
clusions the wave lengths used must be carefully 
selected. 

Both o-phenanthroline and ethylenediamine 
unite with nickel ion in the proportions of one, 
two and three moles to one mole of nickel ion. 
Copper ion and ammonia form a complex ion with 
two moles of ammonia per gram atom of copper as 
well as the one with four. 

DURHAM, N. C. RECEIVED SEPTEMBER 7, 1940 


