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INTRODUCTION

In recent years the increasing importance of the dew
teotion of trece metals and the estimation of their amounts
has demanded a sensitive method for their determinstions The
oontrol of lead left upon fruit as spray residus and the de=
tection of trace metals present in ores, alloys, etc., as
impurities has stimulated research into the use of dithisone
(diphenyl thiccarbasone) as analytisal reagent in such proe
cedures,

Besides lead, sinc has perhaps received the most atten~
tion as to the possibilities of the dithiszone methods in
treace deteotion.

The analysis of traces of cadmium is one of the applie
cations which, although the possibilities have boen realised,
has had 1little done towmrd its advancement, Ihe field of
research in oadmium then is still open. It will be the at~
tempt of this paper to introduce new procedures in the die
thisone methods for cedmium and, if possible, to improve
upon any already existing.

Much may be lesrned of value to the detection of cadw
mium from & perusal of the litersture for lesad, sins, and

the other heavy metals, Sinse the amount of work done in

(1)



oconnection with cadmium has been small, this will be
nsocessary, for it is beyond the scope of this paper to
give a complete digest of all existing literature.

(2)



HIBTORICAL SKETCH

in Germany in 1883 Amil Fischer (1) in his work
upon the properties and reactions 0? phenyl hyiresine
‘nut came upen dithiszone. At this time he recogniszed
the fact that it formed a colored complex with sinag,
It was nearly fifty years later, however, that anyone
thought of the possibility of the use of dithisone as .
an analytical reagemte

Hellmut Fischer, also working in Germny, first
studied the possibilities of the dithisone complexes
in the qumlitative detection of many heavy mstals,
among which were lead, asepper, gold, silver, mercury,
and cadmium, This was in 1924, A year later he pub~
1lished his findings in Wiss, Veroff, Siemens-Kons. (2)
Yery little interest was arocused however and except
for a few scattered pepers by Fischer himself, and a
fow suthors in England, little was published of value
upon the use of dithisone. In 1934 in Angew. Chenmie
(3) Fischer published another paper upon the use of
dithisone in analysis, both in qualitative and guane
titative microchemistry. Since that time more than
£ifty papers have been published desling with the use
of dithisone in analysis, most of which have dealt

(3)



with lead and sinee

In the time since 1925 several methods have been
developed for the use of dithisone. Direct and indie
rect titration methods have been developed, as well as
seversl ocolorimetric procedures which will be die=
cussed later. Due to the insolubility of the dithisone
complexes in water, an attempt was made to develop a
gravimetric proocedure, However, it was found that at
temperatures sufficiently high to remove the wter me=
chanieally held, the dithisone complexes began to de=-
ocompose necessitating final weighing as the oxide,
sulfide, or sulfate, Under certain conditions mixzw
tures of any two or all of these might oceur. 8Since
this was true and singe the advantage of the high molw=
ecular weight of the dithisonate was lost, the attempt
was discarded.

A oomplete bibliography of the work with dithi-
s0ne up to 1937 was published in Angewandte Chemie (4)
by Fischer along with the methods then in use, A pare
tial list including papers published since 1937 may be

found at the end of this report,

(4)




THEORET ICAL

All the dithizone methods depend upon the fast
that certain of the heavy metals form colored come
Plexes with dithizone. These complexes are insoluble
in water, but soluble in chloroform and other organioc
solvents. Fischer in his article in Angewandte Chemie

(3) gave the following forms existing for dithisones

iinol Kete
o E«.Hb‘- Co i
—~ 0= P =0
H-S—C_ s=
/o
Sy ¥ o

and postulated the following possibilities for the

heavy metal complexes;

Enol Co Ham om Ea Hm
+ N = Z, +f
MI=S—g  at SoS Y
No—a =L
|
Car({‘ CoHs
Keto
s
S= C/ mt



Witk the divalent mstals the same linkage talss place,
but anotiur molecule of dithizone is used., Of the
three valent metals reacting enly the keto form has
been found to exist at this writing, With these the
bond type is the same, but the formla tak. three
molecules of dithisone.

Acocording to Fischer (3) the keto foms are gens
erally existant in neutral or acid solution with a few
exceptions of which cadmium is one, while the enol fom
exists in basic solution.

For the cadmium complex the following form has
been shown to exist in neutral to strongly alkaline
solutions; Ce s Co Fs

Ut/(l\ ,"N?—N\

5124- W Cols
Zhis has been contraocted for convenience to cd.Dz. The
existence of an enol complex of cadmium has as yet not
been proved.

Acoording to Clifford and Wichmann (5) the most
complete complexing of cadmium takes place above the
PH value of twelve, with the complex first foming at
& PH of areund nine.

(6)



Fischer in his work found that an end conocentration of
five per cent sodium hydroxide gave the best results.
It was noticed by this observer in corroboration of
these workers that the extraction of cadmium with a
twenty~five per cent excess of dithiszsone began at a pH
between eight and nine and was most complete above a
value o0f twelve, irom this point to a consentration
of approximately ten per cent sodium hydroxide there
seemed t0 be no appreciable difference in the eoloring
of the dithisonewchlorofora extreet. However, above
this concentration the colors again scemed to decrease
in intemsity.

This method is by no means specific for cadmiume.
Fischer and Leopoldi (6) claim, however, that only the
following metals interfere:s ocopper, silver, gold,
meroury, pallasdium, nioko;, cobalt, and sinoc in large
amounts. Also any ion precipitating in the alkaline
solution will cause incomplete extrastion of cadmium.
Such ions are phosphate, ferric, chromic, aluminium,
stanous, eto. Sandell in s recent paper (7) has said
tlat manganese also interferes and, since the method
as given by Fischer will not take care of this, gives
s method for its eliminmation in small amounts.

(7)
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MATERIALB, AFPARATUS, REAGENTS

Separatory funnels
100 ml. sizse Kimball Exax funnels were used.
All pyrex glaas atill
Colorimeter
Klett=Bio instrument was used with the artificial
light attaochment,
Fhotelomster
Oenco=8heard-Sanford Fhotelometer using the

Cenco No. 3 green filter.

Solutions and Reagets;

le
e
Se
4,
5o
6¢
Te

8¢
9.

Standard eadmium solution
Chloroform (redistilled from pyrex)
Carbon tetrachloride (redistilled from pyrex)
Dithisone in Chloroform (26 mg,/ml.)
Dithisene in Garbon tetrashloride (25 mg./ml.)
Redistilled water (redistilled from pyrex)
Sodium hydroxide = 25% (C. P. chemical dissolved
in redistilled water)
Hydrochlorie acid niutlon - 1N
Sodium oitrete = 254 (0. P, chemical in redis-
tilled water)

(8)



10« Potassium sodium sartrate = 25% solution (C. P.
chemical inm redistilled water)

1l¢ Solutions of various foreign ions.

(9)



To prepare & standard oadmium solution the fole
lowing method was found to be convenient: & selution
of cadmium nitrate was made up 80 that fifty millie
liters of solution were approximately equal to one=
tenth gram of cadmium. This solution was standarde
ised by several mesns.

Pifty-milliliter porsions of the solution were
evaporated to dryness with a milliliter of sulfurie
aoid (dilute) in platinum dishes. The excess acid was
then fumsd off and the cadmium sulfate thus formed ig-
nited at five hundred degrees in a muffle furnmoce. It
was found that srmees of sulfuric acid might be left;
this was, therefore, removed by moistening the residue with
water and again fuming off any remaining sulfuric seid.
This process was repsated until oonstant weighta were
obtained on the residue. This procedure is givem in
detsil in Hillebrand and Lundell (8)s A series of such
deteminations gave the £0llowing resultss

Sample 1. 2, e 4. Se
Osdmiua/50 mls .1012 +1018 .1014 1013 .1014
Since the results obtainsd from the cadmium sule
fate method are liksly to be inm error due to the in-
(10)



complete removal of the sulfuric acid or duwe to loss
by spattering, a seoond series was run by meens of the
eleotrolytic deposition of ocadmium on a platinum ansi
cathods from an alkaline complex cyanide solution.
(TreadwelleHall (9); Hillebrand and Lundell (10)). The
results obtained oi four samples weres |

Sample 1. 2. Se 4o

g Oadmiun/50 ml. 1018 .1012 .1013 .1013
The value 1013 g./ml. was then taken as the cadmium
ocontent of the stook solution. A standard cadmium
solution was prepared by diluting fifty milliliters of
this solution to one liter in a volumetric flask.
Twenty milliliters of the resulting solution were
made up to a liter in another flask. The resulting
solution contained two=millionths of a gram cadmium
per milliliter or two micrograms of cadmium,

An additional series was run where the ocadmium
was precipitated as the cadmium ammonium phosphate.
8ince this method, due to inadequate pH control, is
prone to give lom results, these results were not ine
cluded in the average, but were merely used to give

(11)



further evidence of the unreliability met with in this
method, The following results were obtained with five

samples:

Semple 1. 20 3e 4. 5o
8¢ ©4/50 mle 41000 .0999 1001 1002 ,0997
This procedure followed that given by Treadwell=Hsll (11)
It was found by tests upon the carbon tetrachloride
and chloroform obtained from stook that they were une
suited for deteminations with dithisone, since they
oontained appreciable amounts of mterials giving color
with dithisone, Hemce all chlorofom and oarbon tetra~
chloride used were redistilled from an all=pyrex glass
still, Similar reaults were obtainsd in tests upon
distilled water obtained from the taps due to the
copper and lead taken up from the pipes. The distilled
wmter mst also be redistilled previous to use.
Solutions of sodium hydroxide, sodium citrate,
potassium sodium tartrete and hydrochloric acid were
mede by diluting C. P reagents with redistilled
water. The sodium potassium tartrete and sodium oit=
rete solutions were found to be sufficiently pure for

(12)



use if shalmn with successive mmall portions of dithie
20ne until the pure green of the dithizone is ummodie
fied upon shakings The sodium hydroxide and hydro=
chloric acid solutions could not be purified in this
way; however, they were found to de sufficiently pure.
Since a strongly alkaline solution is used in the
extraction of cadmium, it will be found that etching of
the glass may take place slowly with subsequent depoe
sition of traces of cadmium; hance, it will be necessary
to clean the separatory funnsls frequently with a
strong acid solutions Ordinary cleaning solution was
used for this purpose originally, but it was found that
any sl ight treces of the chromate which may be left
will oxidize the dithizone; consequently, & solution of

nitriec acid was used after this.

(13)



PROCEDURKS

For the ocolorimstris determination of cadmium as
the complex dithisonste only one method had been des
veloped until the spring of 1939, In 1937 Pischer and
Leopoldi (6) first worked with dithizone in connection
with cadmium and used the following procedure:

To five to ten milliliters of approximately neus
tral oadmium solution an equal volume of ten per cent
sodium hydroxide solution was added. Any ions whioch
might precipitate with sodium hydroxide were held
back by means of Rochelle salt. This solution was
extracted repeatedly with dithisone in a separatory
funnel until the ocarbon tetrachloride was no longer
ocolored red. The combined extracts were then washed
with three per cent sodium hyiroxide twice and water
onse. The red oadmium dithisonate was decomposed by
means 0f normsl hydrochloric acid and the greem celor
of the dithisone compared. An accuracy of within
five per cent was claimed with this method.

Since the work with the above method, one other
method for csdmium has been recorded in the published
literature by B, B. Sandell (7). The procedure used

(14)



by Ssandell is a8 follows: The sample was extracted with
dithizone in carbon tetrachloride and the carbon tetraw
ochloride layer drawm off, This extract was shaken
with onewhuniredth normal hydroachloric acid to remove
the cadmium leaving the major portion of the other
metals present behind. The water solution was then
transferred to a flat bottomed tude. Two and five-
tenths milliliters of twenty~five normal sodium hydroxe
ide was then added and the solution shaken with dithie
sons. The carbon tetrachloride layer was then compared
to standards prepared by diluting standard amounts of
oadmium to the same volume as the unknown, adding the
same amount of sodium hydroxide and then shaking with
dithizone. |
However, working with lead in eonnection with
spray residue control on fruits, O, B, ¥Winter, E. J.
Miller, and others (12) at Michigan State College in
1935 developed a mathod using chloroform as solvent
rather than carbon tetrachloride, which followed the
procedure of FPischer and Leopoldi rather closely exe
cept in minor details until the final extraction of
the dithisonate of lead. Rather than decompos ing the
red complex and comparing the green dithizons, they
(16)



ocanpared the extraoted dithizonate. The results ob=-
tained were claimed to be at least as accurate as those
obtained by Fiecher and lLeopoldi and the procedure was
shortened considerably., Chlorofom was substituted
for ocarbon tetrachloride because of the greater solue
bility of the complexes in chloroform,

In 1936 Clifford and Wichman (5) of the United
States Department of Agrioulture published in the
Jeo Off. Age Chem. an article dealing with the methode
for lead and submitted a new method wherebdy the separa~
tion of the excess dithizone was eliminated, hence
shortening the proscedure still further. The acourscy
was increased, they claimed, dus to the lack Of necesaity
of repsated extrastions to remove the exocess dithisone.
The optimum pH was chosen and s single extraction of
the solution made with excess dithizone. Zhis excess
was allowed to distribute between the agueous and the
chloroforms phase. The mixed dithizone=dithizonate
was then compared with standards prepared in the same
™y

The possibility of applying these last two meth=
ods to the determination of cadmium has given rise to

(16)



to the work in this report,

It was found by experiment howsver that at the
alkalinity best suited for the greatest extraction of
cadmium as the dithisonate, the excess dithizone went
over into the aqueous phase too readily to permit the
use of the mixed color method. At a lower pH it was
found that the cadmium was not extracted quantitative-
lye The work in this paper is oconsequently limited to
& review of the method of Fischer and Leopoldi, and to
the development of an acsceptable prooodure for the use
of the red cadmium dithisonate.

The procedure adopted for the work in this paper
on the determination of cadmium differs slightly from
that proposed by Fischer and Leopoldi. It was found
by results in the laboratory that differences in vole
une of the aqueous solution when s constant volume of
cadmium found in the chloroform extract. The effects
of various amounts 0f water solution to ttentyvnllu-
liters of chloroform solution are shown below. Each

sample contained a constant amount of cadmium.

(17)



Volume of Amount of Amount of

aqueous solution cadmium present oadmium found
10 ml, 20 mijorogr, 19.5 miorogr,
15 ml, 20 " 19.0 "
20 ml. 20 » 20,0 =
25 mle 20 b 19.6 -
30 ml, 20 » 19.3 "

Taking this fagt into consideration the following ﬁro-
cedure was developed;

To an approximately neutral sliquot of cadmium
solution five milliliters of twenty per cent sodium
hydroxide was added and the aqueous solution was made
up to twenty milliliters with redistilled water. Suf-
fiolent dithizone in chlorofom (25 mg,/liter CHOlj)
was added from & buret in one-milliliter portions with
shaking after each addition to cause a distinot excess
to be present. The presence of the excess dithizone
may be noticed by the yellow color imparted to the
agueous phase and a slight purplish gcolor to the chloro=
form layer. 8Sufficient chloroform was then added from
another buret to make the total chlorofomdithizonate
extraoct up to twenty milliliters. The chloroform laye
or was then removed t0 & second separatory funnel oonws

(18)



taining twenty milliliters of three per cent sodium hyw
droxide, shaken up and allowed to separate, The chlorow
formm layer is again drawn off and washed with twenty
milliliters of redistilled water, One washing with
sodium hydroxide was found to be as effective as two
washings, The washed dithisonate was then drawn off
and compared against a standard in a colorimeter. If
foreign ions were present the procedure was carried out
with the addition of sodium citrate or potassium sodium
tartrates The amount of oadmium present in the solution
is read off of a calibretion curve obtained by plotting
the reading on the colorimeter againss the eoncentrw=
tion of xnown solutions., The following consentrmtions
were taken to plot the ourve:

+001 mge, 0025 mg,, 0050 mgs, «0100 mg., +0160 mg.,

«0200 mgy, «0250 mgey ¢0300 mge, +0360 mge
It was noticed that concentrations higher than those
listed above when using a standard of 0200 mg. were
out of the convenient working range of the colorimeter.

This calibration curve according to Pischer and
Leopoldi (13) 1s a linear curve while Winter, Miller,
and others (12) working with lead found the calibre=-
(19)



tion ourve to be a hyperbolie function, It was fownd
by this observer that if the standard was set at a
constant reading and the sample varied that a curve
was obtained similar to that obtained by Winter and
Miller for lsad, which was distinotly hyperbolis in
charaoter. 7The comparison of the complete range, howe
over, was not possible without a change of standard
setting and interpolation from that setting to the orie
ginal setting which was taken as twenty. To eliminate
this difficulty it was found sufficient to set the
sample rather than the standard at a constant setting
and vary the standard until matohing is obtained. In
th is manner, choosing a setting of twenty-five for the
sample, it was found possible to compare directly
without interpolation samples between sero and thirty-
f£ive microgrems of cadmium. It was alse found that by
this means & linear graph was bbtaimd, therefore faocilie
tating reading and ingreasing the accuracy of reading

the graph., The data obtainsd for plotting the curve is

given below;

(20)
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Cadmiunm Colorimeter Readings
Fresent

ng, 1. 2. 3o 4, average
«0010 2.4 Re3 2,8 2.8 2.4
«0026 3.8 369 4,0 3.9 Se9
«00560 7.3 71 7.0 7.4 73
«0100 13,0 12.8 12,6 12,6 12,7
#0160 18,5 18,3 18,5 18.4 18.4
+0200 25,0 25,0 25,0 2b.0 25,0
+0250 3040 303 30,8 3045 30,4
+0300 368 36,83 35.9 36.4 36,8

£ach of the series above was run on a different set of
samples,

As a cheok up on the accuracy and reproducibility
of the method mseveral series of unknown samples in
which the operator was unaware of the cadmium content

were run. The table below gives the results of these

series:
Oadmium Found Cadmium Present Brror
~ > 70d 404
7.8 8.0 -2 =3,8
14,0 14,0 o0 o0
10,0 10.0 o0 o0
21.8 22,0 -8 =10
63 6.0 +ed +5,0
13,8 12,0 +1.2. #10.0

(21)



Cadmium Found
7

2063
27.9
2.0

9.7
16,1
2.1
10.1
3¢9
2602

5.8
18,0
| 3¢9
16,1
20,0
11.9
20,0
2.8

346
7.2
19,3
2449

21,7

Cadmium Present
v

20.0
28,0
2.0
8.0
16.0
2240
10.0
4.0
26,0
4.0
14.0
8,0
16.0
20,0
10,0
21,0
8.0
3.6
17,0
19,0
25.0
2.0
(22)

£grror

>ta 404
+e3 128
wel wed
+0 o0
1.7 Rle.0
$.l w7
$el $eb
+ol +l.0
=l =R,5
$o2 8
$1:8  $45.0
4,0 $2845
$o9  430,0
ol 7
0 o0
$le9 $19.0
+1,0 =b, 0
$e3  $10.0
o0 o0
2 .0
$e3 #l.6
w,l - .3
-ed wleb



Cadmium Found Cadmium Present Brror

Y Y 7o
8.0 7.6 $eb 4,0
9.8 10,0 wed 2,0
16,6 16,0 o4 =3¢
8.0 8.0 o0 o0
14,0 14,0 o0 o0
2.2 3.0 el 10,0
601 6.0 Pel 1.6
867 10,0 wled 13,0
4,0 4,0 o0 «0
1R.6 12.0 $e 6 5eb

(33)



Since the presence of an appreciable color in the
blank determination will cause a variation in the amount
of cadmium found, the effect of the aging of reagents
uporn the blank color was studied along with the devel=
opment of a suitable procedure, The reagent under test
wms allowed t.o age in ordinary glass containers while
all other reagsnts woere made up fresh on the day of
use. The following results were obtained:

ls Sodium hydroxide allowed to age; dithisone,
ochloroform, and redistilled weter fresh every day.
lst day = no perceptible color
4nd day = no perceptible ocolor
84 day = no perceptible colar
one week = slight coloar
two weaks « blank of less than two-tenths mioros
gran of oadmium.
2¢ Dithisone allowed to age other resgents fresh
each day (dithizone kept in brown bottle in dark,
at room temparature,)
1st day = no poi'oeptiblo color
and day ~ no perceptible color
34 day =« slight pinkish color about 2 microgram
one week « blank of about one microgram

(24)



two weeks = reagent oxidizes to the yellow
diasone upon shaking.

7he chloroform and redistilled water could be used as
long a8 two to three weeks with no perceptible color
being noticed in the blank. The dithisone may de used
for a longer period than found above if it is kept in
the ice boxe. Dithisone preserved in a brown bottle at
fce box temperetures was found to give only a slight
blank after staniing two weaks,

The mgnitude of the blank obtained from the re=
agents may be fairly acocurately measured by plotting
the readings obtained from the comparison of the blank
with decreasingly small amounts of cadmiume For thie
purpose samples ocontaining 1.0, 0.7, 0s4, Ocl microe
greams of cadmium plus the blank in each case wera comw
pared to the blank. The comparisons gave the results
listed below which when plotted in the msnner for the
main greph and extrapolated to zero reading gave a
value of approximately 0.3 miorogram for the blank.

A standard setting of ten was used for the samples

wiile the blank was varied,

(25)



Csdmium Present
Y

1.0
067
Ot

Oel

Colorimater Readings

1e
50.0
366l
2647
13.1

(26)

2.
49,9
3640
2648
13.0

Se
50,0
8640
2649

132



Various workers have done their research into the
detection of trece metals with dithizone using both
carbon tetrechloride and chlorofom. Therefore, a dis
oussion of the relative merits of the two as a solvent
for ocadmium dithizonate is pertinent. It was noticed
with carbontetrachloride that emulsions formed less
readily due to the lower solubility of carbon tetra=
chloride in water. The greater differaence in the hue
of colors of the different dithisonates is s faetor
giving a greater detection possibility in carbomn tete
rachloride, but at the same time this advantage is
offset by the faot that at higher concentrations many
of the metallic complexes are less soluble than in
chloroforms This is true of the cadmium ocomplex. It
was not iced that above about twenty-five micrograms of
oadmium the reedings obtained with the colorimeter
were very nearly constant iniicating saturation of the
ocarbon tetrachloride. Thie diffioulty is not encownte
ered with chloroform,

Because of the fact that the distribution ratio
of dithizone between the water and carbontetrachlore
ide phases is more favorable for the exceas to go over
into the water phase than with chloroform, the excess

(27)



dithisone can be more easily washed ocut when using
carbon tetrachloride than when using chlorofomm. This,
however, also eliminated the possibility of using the
sensitive mixed color method for the comparison of the
samples, s ince this method depends upon the distribdue
tion of the excesa dithizone between the water and the
organic phases. By the use of chloroform for the ex-
trection, the pPH renge of stability of the metal come
plexes of di thizone is increased, at times aiding the
separation of certaim foreign ions from the desired
metal. The deciding factor for the use of chlorofom
for the work in this paper was the faaot of the greater
solubility of the ocadmium dithiszonate in chloroform,

hence inoreasing the working range.

(28)
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Due to the faot that many opermtors are incapable
of mking accurate optical ocomparisons, & method using
the Cenco-Sheard-Sanford photoelestric colorimeter was
developeds The same procedure as used for the optical
colorimeter was found to be satisfastory for use with
the photelometer, However, extra care muat be used to
ascertain that no droplets of water are let into the
chloroform layer which would cause erroneous results
when read on the phoelometer. ©Several series of samples
were run on the photelometer with the results which fole
low later. The green Cenco NHo., 2 filter was used with
the greatest spread of readings for the range ia ques~
fion. The meximum transmission of the filter is given
a8 526 millimicrons, while preliminary runs upon the
dithizonate in chloroform show a maximum absorption
at 520 millimicrons. The data which follows below

gives the results of test upon the four Cemnco filters;

Mlter Readings
67 Cadmium 207 Cadmivm  Spread
1 8246 68,0 2045
2 71,6 40.0 31.6
3 9948 9840 1.8
4 97,6 96,0 1.5

(29)
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The photelometer reedings were calibrated in terms
of miocrograms of cadmium by plotting reading on the
phot elometer against the concentration of cadmium. The

results of the calibration are given immediately belows

Cednmium Present Fhotelometer Readings
0’9 1. 2 -1 4, Average
1.0 89.5 89.8 8%+0 89,4 89.4
4.0 7647 3840 77,3 7646 76,7
8.0 66,9 6649 6647 67,0 6648
12,0 58,0 58.2 69¢} 58,0 58,1
16,0 50,0 50,0 50,0 &3¢0 50,0
20,0 46,0 45,0 45,0 45,0 45,0
24,0 39,7 39.8 39.6 39.9 39.8
28,0 86,0 35,9 39,8 3645 3648
32,0 33,6 33.0 33.0 32.7 3248
36.0 30,0 30.0 30.0 30,0 80,0

The readings which are crossed out were not included in
the average readings because of the great differences,
Using the calibration curve obtained from plotting the
above data, the following results were obtained on

soveral series of unknown samples.

(30)



Cadmjium Present
v

10,0
20,0
2.0
4.0
8.0
6.0
30,0
16.0
20,0
20,0
10,0
10.0
6.0
8.0
16,0
22.0
6.0
10,0
18,0
16,0
2.0

8.0

Cedmium Found
7

10,8
19.8
2.1
4.3
8.0
6.0
29,0
14,8
22,0
20.0
10,1
10,1
6,0
11,5
17.0
2,0
6.0
10,8
1848
16.4
303
8.3
(31)

‘/cdm'ror%ca
o8 +8§0
-ed wl,0
$ol 45,0
$ed +5.0
0 o0
o0 o0
=le0 =33
=l.8 »8,0
$2,0  $10,0
o0 o0
dol 0
Pl $l.0
0 »0
35,5 $45s0
$1le0 6,3
o0 0
o0 «0
#e5  $B.0
#5  #l7
dod 2.5
$e8 $10.0
3 $396



Cadmium Present
v

4.0
4,1
20,0
8.0
16,0
12,0
6.0
10.0
240
4.0
7.0

Cadmium Found

4.0
4.0
19,8
8,3
1643
12.0
5.8
10.0
2el
1446
6.7

(32)

Brror
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.0 .0
-l  =2,5
w2 =l
$e2  $8¢5
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As mentioned before in this report, Fischer and
Leopoldi gave the following ions as interfering with
the extraction of cadmium as the dithizomate: seilver,
gold, palladium, copper, mercury, nickel, ocobalt, and
sinc in large amounts, as well as any ions which would
precipitate in the alkaline solution und tor the ex=
traction of the ocadmium. Those metals which were found
to precipitate were held back by the use of Rochelle
salt, Sandell (7) found that this method was not sat-
isfagtory in hold ing up manganese which interfered
with the complete precipitation of the cadmium dithie
gsomates Chromium as chromic ion was found to give the
sams difficulty in sddition to giving a slight pinkishe
purple color to the extraoct,

In the work that follows the following ions were
examined for their effect on the extraction of cadmium
and, where methods were not given by the literature for
the removal of any interference, attempts were made at
developing suitable procedures.

The ions weres oaloiuvm, phosphate, ferric, ouprie,
bismuth, lead, cobalt, nickel, sins, strontium, barium,
chromic, arseniocus, and silver,

It was found that calcium did not give difficulties

(33)



with the procedure as developed originally in this

paper, A series of determinations gave the following

results;

Cadmium Cadmium Interfering Error

Pu;;nt Pog/nd 139 204 404
20,0 20,0 107 Ca «0 «0
20.0 20.0 507 Ca 0 0
20.0 20.0 1007 Ca 0 0
20,0 20,6 1607 Ca b 2.8
2040 19.8 2007 Ca w2 *ls0
30,0 19.8 250 7 Ca w2 =l.0
20,0 19.9 3007 Ca wl =5
20,0 19.9 3507 Ca “l =5
20.0 20,0 4007 Ca 0 .0
20.0 19.7 5007 Ca ®d ele5

The results above are all corrected for a blank on the
caloium solution and reagents of two micrograms. All
comparisons above were made on the photelometer, No
addit fonal precautions appear to be necessary than
those necessary in the ordinary procedure,

The presence of the phosphate ion also appeared
t0 cause no difficulty. 4 series of determination made

in the presence of phosphate ion gave good results with

no additional precautions.
(34)



Cadmjium
Fresont
14
10.0
20.0
10.0
14.0
10,0
4.0
16.0
10.0

7.0

To ascertain the effects of larger amounts 0f phose

phate ion upon the sccurecy of the results

Cadmium

Found
~
9.8
19.9
10.0
14,0
10.2
4.0
1569

10.2

(sample off color - no

ing series was run;

Cadmium
Present
v

10,0
30.0
18.0
240
640
2.0
14.0
80,0

26.0

Cadmium
Pound
v
9.8
20.0
18.3
S0
63
32,3
13.8
29.4

5.8

Interfering

Ion

100 v Po,~2

2007 ®
3007
400 v ®
500 ¥ ®
400 ¥ ®
300 ¥ ®

200 7V ®

Interfering

Ion

1.0 88, P04

1.0 grs,
1.0 grs.
1.0 gre.
1.0 grs.
1.0 grs,
1.0 gre,
1.0 grs,
1.0 grs,
(38)
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Brrors
~04 y 4L
el =2e0
o0 o0
3 1.1
1.0 50,0
3 540
3 led
=l =l ob
web =20
wed = o8



Perric iron, one of the ions precipitating in
such allmsline solutions, causes great difficulties bew
aause of the faot that part of the cadmium dithisonate
is adsorbed on the surface of the ferris hydroxide
formed, 7The following data gives results obtained

when nothing is added to hold up the irons

Cadmium Cadmiuvm Interfering Brrors
Preaent Found Ion »04
¥ v
20,0 11.6 g P * w85 wddeb
16,0 8.8 b mng - w72 45,0
840 4.0 b mg . wd o0 =p0,0
440 leb obf mg " el w6208
2.0 o5 Smg "  wleB 75,0

By trying various oomcntu‘luono 6: potassium sodium
tartrate and sodium citrate, the dest conceantration
was found to be five milliliters of 25% tartrete of
oitrate in the twenty milliliters of water solution.
Using potassium sodium tartrate ths following results
for the determination of cadmium in the presence of

& small amount of iron,

(36)



Cadmium Cadmium Interfering Brrors

Present Found Ion vy Ca

Y nd

2,0 2.2 smgm P 2 10.0
8.0 8.1 Smg ® .l 1.8
1040 10,0 o5 mg " .0 .0
14.0 13.8 Smg ® wed =l
1840 177 Gmg " .3  =2.0
22,0 22,3 o5 mg " o3 1.5
20,0 20,1 5 mg ® ol 5
16,0 15.6 5 mg " —ed =28
12.0 12,1 5 mg ® ol o9

W th larger oconocentrations of iron running as high as
four milligrams per twenty milliliters of aqueous solue
tion, the following results were obtained using five

milliliters of 254 potassium sodium tarsmte to tie wp

the iron;

Cadmivm Cadmiuva Interfering Errors

Present Pound Ion v0d 4od
v v

3

10,0 9.8 l.Omg e =el wd.0
10.0 946 lebmg ® =eb  wBe0
10.0 103 20mg " o2 240
10,0 10,1 2,6 mg " ol 1.0
10,0 1045 3.0mg " 6 5.0

10,0 1044 40 mg * o 4.0
(37)



Since the citrates have been used with great

success in tying up iron in the determination of

nickel as the dimethyl glyoxims salt, sodium citrate

was tried in this detemination with the following

results,

used,

Cadmium

Presont
v

10,0
10.0
10.0
10.0
10,0
10,0
10.0

10,0

Cadmium
Found

v
10,0
1043
10.2

9.7
9,8
10.2
10.0

9.7

Interfering
Ion

b mg l'o"'3
leOmg *
leb mg "
2.0 mg "
2.0 mg "
3.0 mg "
S8 mg .

4.0 mg "

Erors
04

«0
oJ
3
3
3
2
0

Five milliliters of 254 sodium citrate were

4ca

o0
3.0
2.0
3.0
2.0
2.0

o0

840

In an attempt to find if other poly=hydroxy

organic compounds could be used to tie up the iron,

a seriess of determinetion were run using glyeerine,

The following table shows the results obtained with

various coneemtrations of iron.

(38)



Cadmium Cedmiun Interfering Brrors

Presont Found Ion 04 4ca
v e
2.0 2.1 o1 mg et .1 5.0
5.0 48  o2mg " 2  =he0
740 6.7 Smg ® o3 wbel
10,0 9.8 &mg 2 =3e0
20,0 20,3 dmg ® 3 1.6
30,0 29,6 o5 ng ® 4 w3
10.0 9.7 5 mg " 3 =30
10,0 945 1.0mg " o5 w60
10,0 9.3 15 mg * o7 7.0
10.0 9.6 2.0mg * o5 B0
10.0 9.2 2,5 mg " 8 =8,0
10,0 10,0 3.0 mg * .0 "0
10,0 10,0 35 mg " +0 .0
10,0 945 40 mg * o6 wByd

One milliliter of glycerine which theoretisally is
many times that actually needed to uo‘up the iron
present was used in each case. In both the tables
above it ocsn be seen that the predominant tendency

is to de slightly low. However, no presipitate of
ferric hydroxide was noted, The use of a higher oone
centration of giyoerine was not tried dve to the faot
that a very large excess over that theoretically needs

(39)



od wmas used, It is evident from these results that
glyoerine is not as satisfactory as either potassium
sodium tartrate or sodium citrate.

With oupric copper and silver results were ob=
tained similar to those found by Pischer and lLeopoldi
(6) who extracted smll amounts of these ions by a
previous extmeotion in an ascid solutions 7The solution
used for ﬁhu extraction had an approximate pH value
of 4,0 A subsequent extraction by the usual method
for cadmium gave satisfactory results, Howevar, with
large amounts of silver and oupric copper, it was im=
possible to extract these interfering ions ocompletely
emough to get comparisons on the cedmium without
losing the bulk of the cadmium along with them. The
following results were obtained with a silver content

up t0 ons hundred micrograms:

Cadmium Cadmium interfering Brrors

Present Fourd Ion »C4 4cd
L4 e d
10.0 9.8 «01 mg Ag -ed =2,0
10.0 10,0 004 mg Ag 0 o0
10,0 9,7 +06 mg Ag wed =3,0
10,0 10,4 008 mg Ag 4 4.0
10.0 9.9 «09 mg Ag wel =1.0
10.0 10,8 06 mg Ag 3 3.0

(40)



Without this previcus extraction of silver, the
yellow of the silver dithizonate is preferentially ex=
tragted and obscwres the ocadmium color, The series
run with copper present showed the same effect. | Mve
samples were run without the acid extraation, and no
ocomparisons were possible because ths yellow cuprio
dithisonate obscured the red cadmium color. The re-
sults of five samples previously nid extragted

showed the following resultss

Oadmium Cadmium Interfering Errore

Present Pound Ion »0d 4ca
¥ o |
10,0 1048 .02 mg ou?® .2 2,0
10,0 9.8 04 mg * =l =3d.0
10,0 10,0 ,06 mg ® .0 .0
10,0 1043 .08 mg ® 3 8,0
1040 9.9 10 mg " .l 1.0

A few samples with larger munti of copper were run
using hypophosphorous acid to reduse the ouprie ion to
metallie ocopper which was filtered off, Howver, due
to some influence, these samples were found to be sufe
fioiently off color $0 prevent acourste somparison,
Bismuth and lead are both extrested in alimline
solution, but the dithizonates are theoretically decom=
posed at the almlinity necessary for most complete
(41)



extraction of ths cadmium. These two metals were run
in a series using five milliliters of 254 potassium
sodium tartrate in the strongly alkalina solution,

The following results were cbtained:;

Cadmjium Cedmium Interfering Brrors

Present Pound Ion »0d 404
v 2
10,0 10,1 o5 mg Fo ol 140
10,0 1063 1.0 mg Pb 3 300
10,0 9.9 1,6 mg Pb wel =l.0
10,0 9.7 3,0 mg Pb =d =3.,0
10,0 10,0 2,6 mg Pb «0 «0
10,0 10.6 5 mg Bl b 540
10,0 9.8 1.0 mg Bi -l =240
10.0 10,8 1.5 mg B 3 3.0
10.0 9.7 2.0 mg Bi =ed «3.0
10.0 10,0 3.5 mg Bd o0 o0

Zinc in not too large amounts, strontium, barium,
and arsenic (ious) seemed to give no difficulsy in the
extraction of the cadmium dithisonate in the presence
of either sodium citrate or potassium sodium tartratee
4ine in large amounts, however, caused an increase in
the intens ity of color due to the extraction of some
sing along with the cadmium.

Jor relatively small amounts of sinoc, the followe

(48)



ing results were obtained using five milliliters of

854 potassium sodium tartrate or 257 sodium citrate

a8 indicated.
Cadmium Cadmium Interfering Errors
Present Found Ion +Cd aca
v ~
7.0 7.3 ¢10 mg Zn(eit) .2 2,0
10,0 9.8 20 mg Zn * =2 w30
20,0 20,4 5OmgZn * o4 2,0
15.0 14,9 B0mgZn ® =l w10
2.0 2,3 0mgan ® 3 1540
10,0 10,0 +20 mg Zn(tar) 0 .0
540 4.8 BOmg3m ™ =2 10,0
26,0 2845 80mg2Zn * o5 2.0

With larger amounts of zing the toliowins results were

obtained:

Cadmium Cadmium Interfering Brrors

Present Found Ion v0d Zca
v v
10,0 20,8 1.0 mg Z2n 10.8 102.0
10,0 235 1,56 ng 2n 19,6 196,0
10.0 29,8 2,0 mg Zn 19,8 198,0
10,0 30,8 3.8 mg Zn 20.8 202,0

Aseording to Fischer and Leopoldi (6), the cadmium may
be precipitated as the sulfide a.nd; drtor filtering off
and redisolving, the cadmium may be extracted as

(¢3) |



previously, This, however, was not attempted in the work
of this paper.

A fow additional samples were run with strontium,
barium, and arsenic (ious) with the results given in the
following table. Five milliliters of 25% sodium oite

rate were added in each ocase.

Cadmium Cadmium Interfering Brrors
Present found Ion roa 4ca
v >
20,0 20,4 500 mg Sr b 2,0
15,0 15.2 5.0 mg Sr 3 1,6
10,0 9.9 5.0 mg Sr =] =1.0
5.0 4.8 50 mg Sr wel ko0
0.0 20,0 8.0 mg Ba «0 o0
16,0 14,8 6500 mg Ba wel «l¢b
10.0 9.7 5¢0 mg Ba -3 w3,0
840 53 5.0 mg Ba 3 6.0
20,0 19.7 5.0 mg noz wed «leB
15,0 15,0 5.0 mg 4805 o0 o0
10,0 10,2 5.0 mg MO5 2 20
840 50 5¢0 mg A8 0, 0 o0

8ince no method has as yet been devised for acour-
ately acoounting for small amounts of cadmium in the
presence of large amounts of nickel, an attempt was
(44)



mde to solve this difficulty. FPischer (3) used stan~
nous chloride to aid in the qualitative detection of
ocadmivum in the presence of nickel and codalte This was
tried with the quantitative determination, but was found
to be unsuccessful, since appreciable amount of nickel
and gobalt were extracted along with the cadmium giving
& purplish color to the molution of cadmium dithisorates
The excess tin alaso asused a chngo in the aolor of
the extraoct; hence, this idea was discarded. The pre=
oipitation of nickel as the di-methyl glyoxime salt was
also attempted. It was found that an excess of &l
methyl glyoximq caused variations in oolors which vare
ied with the amount of di-methyl glyoxime present.
Fherefore, the excess dimethyl glyoxims must be removed
by treating with nitric acide Even after this was done,
it was noticed that emall amounts 0f nickel ware left
which caused an off coloring of the extract. Sandell
in his paper (7) eliminated the diffioculty attendant
upon small amcunts of nickel by extraating the csdmivm
in a slightly ammoniacal solution. However, he dealt
with extremsly amall amounts of cadmium, about «2 miocro=
grams. It was found that with larger amounts of ocadmium
ocomplete extraction as the dithisonate was not possibdle.
The following table expresses results obtained by this
(45)



slightly ammoniacal extraction of cadmiume No nickel

was present in these samples.

Cadmium Cadmium Brrors
Present Found »0d dca
Py v
23060 16,0 ammonia solution 4.0 20.0
156.0 12.83 " . 2.8 al.0
30,0 28.6 - . 4.6 1400
540 4.2 " " o8 16,0

The above resulta 1ndicito aboué eighty per cent extrace
tion at the pH obtained. However, the per acent extraction
is not constant.

S8ince the precipitation of nickel dimethyl glyox=
ime is not complete enough t0 remove the last traces of
nicksl, and also that nicksl is extrected under the same
oonditions as cadmium, this n\'.thoa cannot give remults
for the cadmium determination.

An attempt was made to precipitate the cadmium as
ocadmium sulfide leaving the nickel in soclution using
lead as & carrier for the small amount of cadmium prew=
sent. However, it was found impossidle to get complete
preeipitation of cadmium without precipitating a
portion of the nickel; hencae, the same difficulty is en=
ocountered here as in the precipitation of nickel as the
dimethyl giyoxims salt,

(46)



Cobalt, which along with cadmium and nickel is ex=
tracted in the alimline solution, could not be removed
by any of the methods attempted. Methods for the pree
oipitation of cobalt by hydroxylamine (14), and anthra=
nilic scid (15) are given in the abstracts, but neither
of thsse roved successful when tried. Cobalt then
oould not be removed from the extract and a purplishe
browa color wes always obtained, |

Chromium as the chromic ion even in thes presence
of gitrate or tartrate gives a purplish tint to the ex-
tract of cadmium dithizonate, preventing any coms
parison with the standard and gives erronecua results
with the photelometer. If present as the dichromste the
dithisone is oxidised almost immediately to the diazone.
large amounts of nitrate will also oxidize the dithisone
slowly as will pentavalent srsenic, BHince this diffie
oculty cannot be stopped by use of citrate or tartrate,
cleaning solution must not be used to cleam apparatus
dus t0 the danger of chromte being present, lLarge
amounts of nitrate and arsenic though probably seldom

encountered mst be removed.

(47)



CONCLUS ION3

A method for the determination of cadmium as the
cadmium dithisomate in which the red color of the dithie
zonate is compared directly has been developed both for
the aptical and the photelestric colorimeters. The
following ions were found not to interfere under the
oonditions of the experiment: ocsaloium, phosphate,
ferric, barium, strontium, araenic (ious), manganous,
bismuth, lead, 3ine in mot too large amounts, and
oupric and silver in small amounts. Nickel and oobalt in~
terfore, and no method was found which eliminated this

difticulty.

(48)
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