~

Ny

b I |

W Lt [

SODIUM-CADMIUM CYANIDE

.‘\ | ™ '3" Q

ha “Nasra -

16818 1O 4 113‘5; ee U Wy
1L A N \- el
HICHIGAN E COLLEGE

.%-'la;'\.--.s’!\.:‘ Al o At b b \J B

_iolm McCa“um
1943

/! OF SO UTIONS OF T
DY OF SOLUTIONS OF TH



~Te% *

TR SRR ,v@.ﬁwp@%?vv




This is to certify that the
thesis entitled
Foeky o) Arlidio g UL
Ao b ~ Ca W C"QM"&'
(\p}w/\,t-)‘*»/-

presented by

has been accepted towards fulfilment

of the requirements for
7 ~

_ML_.Q___ degree in nr’\‘M*Y ﬁpfw\w:._ﬁ

LS Conn,

Major professor <




STUDY OF SOLUTIONS OF THE SODINMe
CADMIUM CYANIDE COMPLEX

by
JONN MCCALLUM

A THESIS
Submitted to the Graduate School of Michigen
State College of Agriculture and Applied
Science in partial fulfilment of the
requirements for the degree of

MASTER OF SCIENCE

Department of Chemistry
1943



T e

//"/7 /-?

-



ACKNOWLEDGEMENT

The author wishes to express his indebtedness to
Dr. D. T. Ewing, Professor of Physical Chemistry, for
his helpful suggestions and guidance during the aeourse
of this investigation. The writer is also indebted to
Professor A. J. Clark, Head of the Department of Chem-
istry of Michigan State College, for the grant of an
assistantship.

A6
460552



~1-

As stated by M. R. Tompsonl--'Dnring the last forty
years over one hundred papers have been published deal-~
ing in one way or another with the constitution and prep-
erties of the cyanide plating baths®., Of the various
metals plated in this manner, formulae for the cadmium
eomplex are less definite than those for zins, copper,
gold, silver, as well as those in the brass plating sol-
ution.

L. P. Ihstbrooka states that the cadmium eomplex
is usually written as lhzcd(cl)4 but continues to use
EaGd(Cl)z throughout his article on cadmium plating.

s. Glasatone3 carried out an electrometrisc titra-
tion of cadmium sulphate with sodium cyanide. He ob-
tained no direot evidence of the formation of Gd(cN)a
but states: %"The shape of the titration curve when the
ratio CK:Cd oiceeda 2:1, and the fact that the preeip-
itate of cadmium cyanide dissolves completely when the
ratio is 3:5:1, suggestas that at least two complex ions,
ct(cn);, or perhaps (cd(cn)ztnzol', and CA(CN)g™ are

présent in solution®,

1l 4

M. R. Tompson~ basing his calculation upon Corbit's
phase rule study of the cadmium oyanide complex, shows

that the content of CA(CN), in a saturated solution con-
taining KCKN and Cd(CN)z is appreciable although in this

ease, the complex ion is chiefly ca(cn):’.



5 have studied the formation of the

Britton and Dodd
complexes in several different ways:

(1) The glass electrode

(2) Metal electrode potentials

(3} Conduetivity measurements.

By ali methods they found definite complex formations
for silver, zine, etc., but cadmium was an exception.

Their pH measurements with the glass electrode
suggested the formatiom of Cd(Cl)g and cl(cn):’ but
the evidence was not pronounced.

Their study of metal-ion concentration by means
of potential measurements and the electrode potential
equation gave a very irregular ocurve in the case of
cadmium. A slight inflextion was obtained between the
points which would correspond to formation of cd(cn)g
and cd(cl);'.

The conselusion they draw from eonductivity meas-
urements states: ®In the cadmium eurve, the end-point
is not difinite®. This curve was a conductrimetrie
titration of cdso‘ with KCN.

K. Hall‘36 work most closely resembles the present
investigatioh. He determined by volumetric analyses,
the formula of the cadmium cyanide-sodium cyanide com-
plex in a sodium cyanide solution saturated with cadmium
oxide. He found the mole ratio-NaCN:Cd0 to be 9.8 and

eoncludesa there from that this ratio may be used in the



analyses of cadmium plating baths. Jkor industrial pur-
poses, this empirieal constant, which was also proposed
by 8. Wernick7 in 1929, may prove satisfastory. However,
there are several ecircumstiances which may ehange the
above factor as this investigation will show.

In order to fully interpret the meaning of suech an
empirieal constant, it is necessary to consider the in-
fluence of such factors as: the mole ratie in an unsat-
urated solution of NaCn plus C4Q, the combined ratio
change with change in the total concentration of XaCR
and €40, change in unsaturated solutions if the NaCK con-
centration is held ccnstant but the CA0 concentration
varies, change with ageing of solutions, pH, the effect
of electrolysis upon the complex formula, the cadmium
salt in combination with NaCN, temperature, the effect
of 132005 which is always present in ocyanide plating
baths, and alteration of the complex during the process
of volumetric titration., No attempt is made to discuss
all these details because of the limited time allotted
to this research.

A study of these matters by volumetric analysia
presents several difficulties in that there is to date

no accurate dependable method for the analyses needed.



ANALYSES

A1l titrations were carried out at room temperature.
Free NaCN -- A widely used method for determination of
®free™ NaCB in the cadmium plating bath is the direat
titration of the solution with AgNOg using KI as indica-
tor. K. Hn.ll6 adequately discusses this procedure but
a8 he points out, the results are not sufficiently re-
producible, and they are generally high. He explains
these high results as follows: %"Because of the very
high cyanide content, there is some decomposition result-
ing in the formation of sodium carbonate and ammonia,
the reaction being represented as follows®;

2NaCK + 2H,0 + 2MaOH + 0, = 2Ka,00; + 2BH;
In the preséneo of ammonia, the endpoint does not occur
when all the free cyanide has been titrated, this is
probably due to the formation of the soluble cadmium
ammonia complex which may be representated by the rever-
8ible reaction: |

hacd(CR)4 + 4NK3 = Ca (m3)4(Cl)z 4+ 2NaCH
some of the combined cyanide being liberated and titrated
as free cyanide, thus giving high results.®

The end point is not sharp in this titration. It
was the experience of the present author that different
lighting conditions have widely different results. Be-
cause this titration is so diffieult and at times appar-

ently inaccurate, another method was attempted.
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Titration of “free® NaCN by CdSO, was next tried.
The titration reactions eould be
GdSO4 4+ ZHaCN = IaCd(CB)s 4-]&280‘
or CAaS0, + 8MaCE = Na,Ca(CK), + NayS0,
The end point is determined by the formation of a slight
turbidity caused by one of the following reactions:
CdS0, + NayC0; = CACO; + NaySO,
or CdSO‘ + 2NaOH = ca(on)z f-llaso‘
Either of these precipitates is soluble in alkali cyan-
ide and hence will dissolve so iong as any excess NaCR
remains.
This method has its disadvantages but was used for
the ma jor part of this investigation. It is difficult
to fix the exact endpéint. As the stoichiometric point

is approached, local excess of CAS0O, causes a precipitate

4
which i8 not readily soluble. This tends to make one
take his endpoint too soon, Obviously too, the end point
is dependant upon ghe solubility of cd(OH)z or €aco,.
These solubilities in turn are largely dependant upon
oconcentration of the OH™ or cog’ ions a& predicted by

the law of mass action, This latter effect will Dbe

brought out later in the discussion of results.
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Total NaCX.-- This analysis was quite thoroughly studied

and the following faets were obtained:

(1) There is a range of ammonium hydroxide over
which constant and reproducible results may be obtained.
Below this range, the eomplex oyanide is incompletely
broken down - giving low results. Above this range,
silver iodide is appreciably soludble - giving high re-
sults.

(2) The magnitude of this range is dependant upon
the solution being titrated.

(3) 10 ml. of 2% KI in the 100-1560 ml. being titra-
ted is the maximum allowable concentration of indieator
ion. More than this maximum gives low results.

(4) Within experimental error, the AgEO;-NaCE ti-
tration is independant of dilution prior to titratiom.

In view of these faeti the following procedure was
adopted:

The oyanidé solution is diluted to approximately
100 ml., 6 ml. of 2% KI added, and is then titrated with
standard Lgloz (0.1E) unsil a faint opalescence is noted.

5 ml. dilute lHiOK is added.

A turbidity is again produced by addition eof Agloa.

The last two steps are repeated until addition of
5 ml. of dilute NH,OH causes no change in opalescencs.
One ean then assume that he is in the constant range

mentioned under ¢l)} above.
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Cadmium Analysis.--¥he standard method for cadmium anal-

y8is in the plating bath is the precipitation as sulphide
and titration with standard potassium ferrocyanide using
uranium acetate as outside indicator. This method is
rather lengthy and not entirely dependable.

The following procedure for elesctro-analysis was
adopted after trying a number of conditionsg

(1} Quantitatively transfer the equivalent of less
than 0.25 g+ 0f C4 to the electrolytic beaker.

(2) 4Add 1 drop of phenolphthalein and then add
dilute sulphuric acid (HOOD) until the last trace of
pink disappears. |

(3} Add two grams of NaOH pellets, dilute to approx-
imately 100 ml. and heat almost to boiling (HOOD}.

(4) Electrolyze for 14 to 18 minutes with rotating
copper gauze. 5.0 amps/dm® for half this time and 6.0
amps/am> for the remaining half.

(6) Remove cathode with current on, wash and dry
in the usual manner.

Equally acocurate results may be obtained by deposi-
tion on a Cu of Cd surface. Anode area was found to be
important, probably because of the voltage relationship.
In this investigation a platinum electrxode with an area

2

of approximately 1.5 em™, was used.

Voltage less than 1l; greater than 7.
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FORMULA OF THE CADMIUM CYANIDE-SODIUM CYANIDE COMPLEX AS
FORMED BY ADDITION OF CADMIUM SULPHATE TO SODIUM CYANIDE

Experimental.--The cadmium sulphate solution was stan-

dardized according to the electrolytic method given by
Classen & Hall9 except that the current demsities given

under Cadmium Analysis were used. Concentration was

found to be 49,58 g/l. This standardized solution was
used throughout the entire research.

The sodium eyanide solution was standardized with
the procedure given by Willard and Furmanl©®., GQencen-
tration was found to be 384.8 gf1l.

To a sample of NaCK was added 5§ ml. of 20% Na,C0,
and enough water to make the volume 100 ml. prior to
titration. The lone exception to this was the 10 ml..
sample of NaCN. Only 40 ml. of water was added in this
case because of the large amount of caso‘ necessary to
produce an end point. Sample #l was titrated with a
cadmium sulphate solution which was exactly one-half

the concentration of the above standardized CAaSO, solution.

4
By carrying out these titrations in this manner,
the effect of concentration of the complex upon its form-
ula may be studied.
Assume that the titration reaction is

caso4 4+ XNaCN —= Complex +$ nazso4
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Since the number of grams of NaCN titrated and the num-

ber of ml. of standard Cdso4 are known, the X of the

above equation may be solved for in the following mannerg

X 5 &rams NaCK x NMol. Wi, casqif
ml. CdS04 x grams CdSO4/ml x Mol. Wt. NaCK

(1] = 85.80 x g. NaCK
ml, CdSO,

Results are arranged in Table I.

TABLE I
mnl ml & mnl
NaCE  Hp0 EsCK Caso, X
1 94 0.3848 18.40(g 2) 3.589
2 93 0.76%6 18,47 3.576
5 20 1.92¢ 46.26 3.560
7 88 2.694 66433 3.484
10 40 2.848 95,34 3.463

We may draw tiom table I at least two conclusions:

(1) %The mole ratio NaCE-Ca is different in differ-
ent solutions. The above values do not even elesely
check with the mole ratio of 3.8 obtained by K. B’all6
and others.

(2) %his ratio (coordination number) decreases
upon increasing the complex concentration of the solu-

tion.
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THE FORMULA OF THE CADMIUM CYANIDE~SODIUM CYANIDE COMPLEX
AS FORMED BY ADDITION OF CADMIUM OXIDE TO SODIUM CYANIDE
Part 1.

Experimental.--%otal NaCn was found by titration with

AgRO; in the presence of dilute ammonium hydroxide plus
8 ml. of 2% KX. The amount of ammonia was determined as

recommended under Total Cyanide analysis.

Cadmium oxide was weighed accurately in the solid
form and then quantitatively transferred to the NaCE
solution. Three different solutions were then slectre-
analyzed by the procedure previously given. In this
manner representative results gave us the per cent pur-
ity of the Cd0. This was found to be 96.%9%.

12 g/1 of NayC0; was added to each solution to
serve as indicator for titration with CdSO, and the sol-
utions were analyzed 81 days after preparation.

In each of these solutions the ratio of NaCK to
Cd0 is maintained constant but the total conscentration
is varied.

Since the coordination number obtained for titration
of NaCN with caso‘ is on the average about 3.5, this num-
ber is used in the first series of ecalculations (by use
of equation (1)) to find the coordination number of CA40
plus NaCKN.
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The chemical equations used are as follows:
Titration: CaS0, + Z.5NaCH -+ Complex + lsla.zs()4
Original reaction: CA0 4 XNaCH + HgO —Complex + nazso‘

Results are organiged in Table 2.

Table 2
Free Zotal Combined
KaCN NaCXN NaCK > S
$0.82 69.42 28.60 5.16
67.58 142 .4 74 .82 4,98
111.5 210.9 99.40 4.42
136.7 279.9 143.2 4,78
169.6 346.1 176.5 4.71
211.7 435.2 223.5 4,77
“0 = 4081

It is evident from these data the confirmation of an
earlier gonclusion; namely, "The mole ratio NaCKN-Cd is
different in different solutions™. This follows from

the faet that a coordination number greater than four

i8 unlikely for this compound, which means that & differ-
ent titration reasction takes place in this solution than
was assumed.

It should be noted further that although widely
varying solutions are studied, & fairly eonstant cooré-
ination number X is8 obtained. This is to be expested
for two reasons.

The ratio of NaCN to €40 is constant in each solution.

The amount of sample taken from each solution was
varied and diluted to approximately the same concentra-
tion 80 that at the time of analysis, each solution was

almost identical. The fact that each solution was not
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exactly identical at the time of titration probadbly ac-
counts for the large part of the discorepencies obtained
and indieates that eoncentration may have some effect.
The effect may be (a) the stoichiometry of the titration
or (b] the complex may actually be different.

These solutions therefore present us with three
unknowns

(1] g/1 of free cyanide

(2) mole ratio in the original reacstion

(3) mole ratio in the titration reaction
and since one cannot obtain three unknowns from two
equations, a further assumption must be made.

We have already shown that the same salt plus
alkali cyanide forms a different complex in a different
solution. Therefore let us assume that that complex is
indépendant of the salt; that is, assume that the mole
ratios NaCHE-C40 and NaCN-CdSO‘ are the same if present

in the same solution. OQu» reactions will then be:

CdS04 + XNaCN —= Complex + Nazso‘

CA0 + XNaCN + HOH —= Complex + 2NaOH
Iet n be the grams per liter of free cyanide then,

(2) = - mnl.Cas0, x gCdSO4/ml. x X X Mol. Wt. NaCN x 1000
¥ol. Wt. CdSO‘ X ml. sample titrated

- 11,12 x X x Bl. CdSO4
ml. sample

Further more, total NaCN - n = combined, therefore



(3) Total - n z £/1 €40 X X x Mol, Wt. NaCN
, Mol. Wt. CAa0

= 0.3818 x g/1 €40 x X.
(4) n z Total NaCE - 0.3818 x g/1 Cd0 x X
Combining (2) and (4]} we obtain

11.12x¥1. c:gg , = Total - (0.3818 x g/1 cao x X)
(5) X= fotal g/1 NaCN x M1. Sample

Using this equation we obtain the new set of values
shown in Table &.

Table &
&g/l total g/1 Ml. Sample M1. CASO, X

BaCK Cao titrated
17.74 4.92 26 5.70 3.91
69.42 19.66 16 11.72 4.18
142.4 39.32 10 17.0% 4.08
210.9 58.99 5 12.82 4.02
279.9 78.65 5 17.27 3.98
346.1 98.38 5 21.42 3.93
435.2 122.9 2 10.68 3.98
A'o } 4 IOBI
Av. {(without 28) = 3.99

It 18 obvious from these data that we have a set of
solutions in whioh the complex ion is nearly all in

the form of EapCa(CN),.

As evidence that these statistics are nearly cor-
rect we can present results for free NaCH as obtained
by the standard method with silver nitrate.

Table 4
Free NaCX Free NaCH
by AgNOg4 by CAso,
11.63 g/1 10.66 g/l
43.83 36,51
80.16 79.68
124.0 119.8
60.6 161.4
22,9 200.2
247.0 249.2

Av. = 127.1 g/1

Av.z 122.6 g/l
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Pable 4 shows that free NaCN as obtained by Agno3
gives on the average a high result. This verifies the
statement made by E. Hall which was quoted previously.
It should be noticed that titrations by Agnoz give some-~
what irratic results. To bring out this matter morse
clearly, Fig. 2 has been drawn. Titration reactions
assumed for this figure are:

AgNO, + 2KaCE —» NaAg(CH)p + NaNO,
Caso, + 3.99NaCK — Nal.g’cd(cn)a.gg f-lagso‘

When we remember that this set of seven solutions
were prepared so that the ratio of NaCE to CAd0 was con-
stant and that titrations by CdSO, brings out this
straight line relationship quite accurately, we have
further substantiated the precision possible by this
method.

Part 2

Experimental.--A set of nine solutions were made by add-
ing various amounts of C40 to sodium cyanide solutions,
each of which contained 200 &fl. The solutions were
allowed to ocome to equilibrium for three days and were
then filtered to obtain an absolutely slear solutien.

No sodium cardbonate was added.

Titrations were made with standardized CdSO, after
dilution to 100-150 ml.

Caloulations were made using egquation (5) and results

are tabulated in Table 5.



Table &
g/l M1l. Sample ¥l. X
cao titrated cdso‘
4.82 2 10.48 323
9.64 2 10.06 3.36
14.46 2 9.22 3.53
19.28 2 8.41 3.69
24.05 2 7.59 3.89
48.20 5 13.21 4.17
71.29 5 9,15 4.20
96,39 10 9.92 4.17
120.4 25 7.19 4.06

To draw any conclusions from Table 6, we must re-
member that all eonsiderations must be made in terms of
the solutions which were actually titrated; that is,
after samples have been diluted and the endpoint deter-
mined.

In this series there are at least five factors
which’nay be ehanging the coordination number.

(1} Change in @edium hydroxide content

(2) Differences in concentration of the complex
&% the end of the titration

(3] Difference in metal content

(4) Change of the eyanide ratio

(5) Radical change in concentration of the indica-
tor ion may be affecting the end point.

Bumbers (3) and (4) are listed only because of
statements made by M. R. Tompsonl. He makes the fol-
lowing two generalizations:

®(1) Increasing the metal conent of the solution

neccssarilyuinereases the concentration of both

metal-bearing anions and metal cation. There will

be a tendency for a lowering of the coordination number
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when this is possible.~--

(2) Addition of alkali cyanide, that is, an in-

crease in the cyanide ratio, decreases the metal

ion concentration and tends to cause a shift to-
ward & higher coerdination number, when higher
compounds are pessible.---%

Ihcse'two factors do not enter into our considera-
tions because (a) at the time oud titration endpoint is
taken, the cyanide ratio is supposedly the same; i.e.,
there is no excess cyanide in any case and (b) for this
reason the metal content is alse, supposedly, relatively
the same in each solution.

Kumbers (1}, (2), and (5) have already been shown
to have an effect. Tables 1 and 2 show that increase
in sodium hydroxide increases the coordination number.
Table 1 shows that increase in the complex concentratiom
decreases the coordination number. Table & and Fig. 3
substantuates these conclusions and also proves that our
titration endpoint ehanges with coneentration of indica-
tor ion (OH in this casel].

In the first place, a coordination number greater
than four is thought to be unlikely since a coordination
number of five ®does not allow symmetrical space arrange-
ment®l, Therefore some of our results indicate that
Free'NaCH by titration with CdSO4 is not a stoichiometric
titration. This can be shown to be true by calculatings

with the exgreme values. Points between these will be
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proportionally more accurate.

Let us assume that at the end of the titration, the
total volume was 150 ml. This represents the maximium
dilution of our titrations. Solution #1 had 4.92 g/l of
Cd0 and since, in any ecase, one mole of cadmium oxide
reacting with sodinm cyanide yields two moles of sodium
hydroxide, we have in this solution 2(4.92 /128.4) or
0.076 mole/l NaOH. Two ml. of this was taken and diluted
te 150 mA. (by our assumption). Thus we have 1.5x10~6
moles in 150 ml. or a concentration of 10-5 mole/1.

The solubility product for Cd(OE)2 is given by
Hogness and Johnsonll to be:

[ca*][or<]? = 1.2x10714
Hence, for precipitation to take place the cadmium ion
concentration must be

a*] = (1.2x1073%)/(10
Thus in 150 ml. we need 1.8x107° mole of Ca .

=5)2 . 1.2x107* mole/1.

Now one milliliter of our standard cadmium sulphate
solution contains 0.04958 g. or 2.2x10"% mole. There-
fore approximately 0.10 ml. must be added beyond the
stoichiometric point before precipitation will begin to
take place in this solution. This difference is prac-
tiocally negligable since calculations were made assuming
maxmium silution. If dilution was less than 150 ml. the
endpoint would be that much more accurate. Readings

within 0.1 ml. are within experimental error.
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A most interesting phenomenon is brought out hy
calculations with solution #3 of Table § and solution
#2 of Table 1. In the latter case 5 ml. of 20% Nazcoa
was added as indicator. %his is equal to O.lg. or 1079

-4 equivalent. With 5x10™% equivalent of

mole or 5x10
Nazcoa present in the titration beaker a coordination
number of 3.57 was obtained. In solution #3 of Table §,
14.46g. C40 was present. Reasoning as before, we find
thus that 0.225 mole or equivalent of NaOH per liter is
formed. Taking a two ml. sample of this gives us
4.51].0""l equivalent of NaOH present in the titration
beaker, a coordination number of $.53 was obtained.

In view of this, it follows that coordination num-
ber is a function of pH rather than NaOH content. This
follows from the faot that equivalent amounts of either

ltzco3 or NaOH produce the same inerease in coordination

number.

By use of solution #9 of Table 5 we can show that
an endpoint appears before stoichiometry is reached.
Once again we shall assume a total of 150 ml. at the end
of the titration.

fhis solution contains 120.4 g/l CA0 and since one
mole of CA0 yields one mole of complex, in any case, we
have 120.4 ¢+ 128.4 or 0.94 mole/l of complex cyanide.
When we take 25 ml. of this solution, we take 2.55110"

mole. Upon diluting this to 150 ml., we have a concentra-
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tion of 0,16 mole/l. The complex concentration is further

inecreased by addition of €d4SO In this case we used 7.2ml

4.
x0.5 g/ml. which corresponds to 0.0017 mole of CdSO, or

Kazcdtcl)‘. Thus the final total concentration of CA(CN)g"
18 0.162 mole/1.
The dissociation eonstant for Cd(CN)z' is given in

Tompson‘s1 article to be:
y
[ca*] [ex-] _ 10-18
Ca(cHlg-
and we know that for each C4’" formed by dissociation,

there are 4CN- ions produced. Therefore:
[cat¥] [3ca**74 - 10-18 x 0.162
[ca**]® 2 256 x 0.162 x 10718
= 41.5 x 10718

[ca*] = 5.3 x 10~4 mole/1.

This is the concentration of the cadmium ion at the
stéichiometriec point due to dissociation of the ceomplex
ien.

In this same solution the sodium hydroxide concen-
tration is just twice that of complex, viz., 1.88 Mole/1l.
Thus a 25 ml. sample diluted to 150 ml. gives us a con-
centration of OH of 0.31 mole per liter. For precipi-
tation to také pPlace than, the cadmium conocentration

must be:

at] =21.2x 10714 _ 1.2 x 10-1% mole/1.
0.01 2

Thus we see that at the stoichiometric point the cadmium

ion concentration due to dissociation is greater than
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that needed for presipitation. For this reason an end-
point will appear too soon.

Although the dissociation constant used in this
caleulation was obtained in a dilute solution and there-
fore is most likely very inaccurate in the concentrated
solution used, there can be no doubt that this solution
does act in some measure in the manner shown. This may
account for the values higher than four but cannot ac-
count for the decrease in cocordination number obtained
beyond 75 gfl. of Cao.

' Because the free cyanide content of the last twe
solution of Table 5 were so small, large samples were
taken for titration, namely 25 and 10 ml. respectively.
These samples were diluted to approximately the same
concentrations as were the other solutions. Therefore,
the concentration of the complex at the end of the tit-
ration is very much larger. We have already shown in
Table 1 that eocordination number decreases with increase
in concentration of the complex. This decrease is by no
means negligible and very nicely accounts for the drop-
off in coordination nusgber.

From Table & and Fig. & we may then conclude:

(1] The decrease in coerdination number with de-
orease in sodium hydroxide is greater than can be ac-
counted for by solubility caloulations.

(2} High coordination numbers at high concentra-

tions of cadmium oxide may be accounted for by dissooc-



iation and seJubility caloculations.
(3] A decrease in coordination numbers at high
conecentrations of CA0 was obtained which eannot be ac-

counted for by such calculations.
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EFFECT OF TIME UPON THE COMFPLEX

Analyses on the series shown in Table 5, 145 days
later gave the following results:

(1) The total oyanide content had deoreased 8.6%

(2) 4 ourve almost identical with that shown in
Fig. 3 was obtained. This verified our prevjeus results.

(3] The coordination mumber on the average was
about 1.8% pmaller.

Analyses on the series in Table $, 80 days pre-
vious to the results given showed that:

(1) Total oyanide had decreased d.4% in this time.

(2) The average coordination number in the last
case was about 2% smaller.

Because of the lack of conclusdve evidence that
complexes originally formed are not the most stable,
all calculations and conclusions in this paper are made
on the assumption that changes in the coordination num-
ber due to dilution, increase in concentration by titra-
tion, etc. are instantaneous. In view of the above
though, it appears that there might be a slight lower-
ing of coordination number with time.

This decrease may be due to the reactions previ-
ously given under Free NaCH analysis:

26aCK 4 2HOH + 2NaOH 4 0,  2§aC0, + 2NEH,
NapCd (CH), + §NHz €d(NH4),(CN)g + 2NaCH

These represent-a &eérease in NaQH as weli as the mole

ratio CN:Cd.
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EFFECT OF ELECTROLYSIS
Several plating solutions were analyzed by the
methods given earlier. Resul4s are tabulated in 7Table 6.

10 ml. sample titrated with CdSO, in each case. Equa-

4
tion (5) is used.

Table 6
# g/l g/l total ml. X
€do NaCK caso,
1 23.89 98.%4 14.25 3.93
2  42.44 88.178 16.16 2.58
3 25.95 86.53 17.76 2.92
4 20.9% 66.09 8.97 3.68
5 18.77 57.96 8.22 3.56

Rumbers 1, 2, and 3 are eommercial plating solu-
tions in operation 24 hours per day. BHNunmbers 4 and
are solutions from & 20 liter cadmium plating bath.
Number 5 1s one month later than number 4. Twenty-four
hour per day electrolysis was carried on during this time.

These solutions are approximately of the same com-
position as those shown in Table 3. That is, at the Sime
of titration, samples from these plating baths and from
solutions in Table 3 have been diluted to epproximately
the same concentration.

It follows from these data that electrolysis causes
a decrease in coordination number. This decrease may be
due to:

(1) Impurities affecting the complex or our endpoint.

(2) Due to different migration rates, the bivalent
complex may be gradually diminished in concentration.

(3) Some mono-valent cadmium may be formed in the

process of electrolysis.

(4) The aging process alrcady mentioned.



SUMMARY :

The cadmium cyanide-sodium cyanide complex is dif-
ferent in different solutions.

The coordination number increases with increase in
pHe.

The coordination number decreases with increase in
concentration of the complex.

A solution of the type used in cadmium plating baths
(see Table 3) contains a complex which is largely in the
form of NaZCG(CN)‘.

Plating solutions have a coordination number smaller
than 4 but which varies with the plating bath.

There appears to be a s8light decrease of eoordina-

tion number with time.
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