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1, HISTORY AND PURPOSE

Many organic compounds have been found to form stable com
plexes with certain metal ions. A complex may be defined as a 
compound in which the oovalency of the element is greater than 
its valency, or those compounds of an element formed by means 
of co-ordinate links accepting or donating electrons (1),

In this study three organlo compounds, diphenylthiourea, 
N-N dimethylparaphenylazoanaline, and 2,4 dlchlorophenoxyace- 
tic acid were studied to determine the possibility for forma
tion of solid precipitated complexes with the metal ions of 
cadmium, copper, cobalt, nickel, silver, and zinc* All pos
sible combinations of the three organic compounds and the six 
metal ione were observed under two different pH conditlons- 
acldle and neutral, Preolpitates formed were analyzed quanti
tatively to determine the completeness of the precipitation of 
the metal and the struoture of the complex formed. In this man
ner it was determined whether any of these three reagents, used 
under the stated conditions, could be utilized as analytical 
reagents for any of the six metals in qualitative and quanti
tative precipitations and separations*

Thiourea is already used as an analytical reagent (2)*
This compound and its derivatives have been used for the de
tection and determination of a number of ions which are good 
sulfur coordinators (3)* Bismuth ion forms a yellow compound



upon the addition of thiourea. A method has been proposed for 
the determination of cadmium, chromium, and mercury by precipi
tation as the slightly soluble compounds,Ql(Tu)gj QirCNKj)2 

(S0N)4j2* These red compounds are soluble in organic ketones and 
are suitable for colorimetric determinations (2).

Thiourea has been used for the detection of ferrlcyanide 
through the formation of a red-violet compound [ou(Tu)^| jjVe 
(CKjgj *2H2 0* This reagent will deteat 0.48 mg of ferrlcyanide 
at a dilution of 1:100,000 (2).

Thiourea forms colored compounds which are suitable for
■ v ■ .

colorimetric determination of osmium, ruthenium, and other plat
inum metals* The osmium oompound has the oomposition [o8(NH2CS 
SHajJ) CI3 * H2O* Thiocarbanilide reacts with salts of osmium 
and ruthenium, both of Which are good nitrogen and sulfur coor
dinators. The resulting highly colored complexes can be extrac
ted Into ether, which increases the sensitivity of the test and 
suggests that the compounds are probably inner complexes (2),* ' S

Commercial copper deposition is largely done by electro
plating using a copper cyanide complex for maximum cathode effi
ciency* Since cyanide baths are extremely toxic and have other 
defects, many other compounds have been investigated as possible 
substitutes for cyanide, but no bath equivalent to the cyanide 
solution in all respects has been developed* Thiourea has been 
found to give acceptable results in this type of a prooess (3)*

No information was found concerning any work having been 
done with the other two compounds in the study of complexes*



3
Thiourea complexes of copper are numerous. Two mono, 2 dl, 

and 6 trl oompounds are listed. The prevailing type seems to be

has been found that the copper atom Is almost Invariably 3-coval- 
ent In these complexes# An acid presumably can be prepared with 
the structure

and also a compound GufTuJgCl which is insoluble In water and 
is definitely not a salt (4).

Some of the thiourea compounds are highly complex, for 
example Cu-^Tu)^ (^03)3, And It has been suggested that the 
KHg group may take part in the formation of the complex when 
It contains more than one metallio atom (4)#

Preparation of materials.-The three organic reagents to be used 
were purified by recrystallization (5) and were found to be 
ohemlcally pure by employing melting point data. Alcoholic 
solutions of the three were made in 95% ethanol* These were 
made to a concentration of 5 grams per liter or 0*02190 molar 
dlphenylthiourea, 0*02209 molar N-N dimethylparaphenylazoana
line, and 0*02262 molar 2* 4 dichlorophenoxyaoetlc acid*

The six metals to be used were made up as aqueous solu
tions from their respective nitrate salts to a concentration

These oompounds have been examined in detail and it

2. PROCEDURE



of 20 milligrams of the metal ion per millimeter of solution 
or 0*1776 molar Cd(N03)2*4H20, 0*3150 molar Cu(N03)2»3H20t 
0*1868 molar AgNOj, 0*3389 molar Go(H03)2*6H20, 0*3058 molar 
Zn(N03)2*6H20# and 0*3408 molar Nl(N03)2*6H20.

Distilled water was used as the pH 7 buffer solution and 
a sodium aaetate-acetic acid buffer for the aoldio one with pH 
3^8*

Experimental procedure*~Hlne millimeters of the buffer solu
tion were placed in a 20 ml, test tube, 1 ml* of the metal sol* 
utlon was added, and finally 10 ml* of the ethanol solution of 
the organic reagent* This was done for each of the three rea
gents with eaoh of the six metals at the two different pH 
ranges* These solutions were heated gently on a water bath at 
a temperature of about 80° C for five minutes* Any color 
changes or precipitates that formed were observed and the re
sults were reoorded* The solutions were then allowed to stand 
for twelve hours at room temperature and again any changes were 
observed and recorded*

Experimental results.-The outlined procedure was followed with 
2,4 dlchlorophenoxyacetic acid and no formations were observed 
with any of the metals at the different pH's.

Difficulty was encountered when the procedure was at
tempted with U-N dlmethylparaphenylazoanaline. This compound 
was found to be almost completely insoluble in water so when 
the aqueous metal and buffer solutions were added the reagent



recrystallized. In order to overcome this, alcoholic solu
tions of the metals at the same concentrations as the aqueous 
ones and a buffer consisting of an alcoholic solution of so
dium acetate and acetic acid with a pH of 5*02 were prepared* 
Again the outlined procedure was followed and again no forma
tions or ohanges in the solutions were observed*

In like manner the same procedure was followed for di
phenyl thiourea. With the metals of cobalt, cadmium, nickel 
and zinc again no formations were observed at either pH*
But as would be expected from what has been said concern
ing the nature of the reactions of thiourea with copper and 
silver, reactions were observed with each of these metals*

The silver reaoted with the dlphenylthiourea in a neu
tral solution upon heating to form a dark brown precipitate* 
It was discovered that this metal couldnH be studied using 
the prepared sodium acetate-acetic acid buffer solution be
cause the silver precipitated as white silver acetate.

When the dlphenylthiourea was added to the neutral cop
per solution the mixture immediately turned a milky green 
color but after a few moments the cloudiness disappeared and 
the solution cleared to a pale green color* The solution was 
plaoed in the hot water bath for about five minutes and an 
orange-brown precipitate gradually formed which settled out 
after a period of time* After the precipitate had settled 
out the solution remained a light green color* Likewise in 
the acidic solution the copper and the dlphenylthiourea



formed a brown complex#
It was decided to limit this thesis to the study of the 

oopper-diphenylthiourea complex in the neutral solution (pH 7)#

Study of the dlohenylthlourea complex at pH 7.—In order to hpve 
enough of the precipitate for the analysis, the concentration 
of the alcoholic dlphenylthiourea was doubled to 10 grams per 
liter or 0#04380 molar* Seven hundred and fifty milliliters 
of this were added to 675 ml. of distilled water and 75 ml# of 
the copper solution. This mixture was again heated in the 
bath and the precipitate was formed. It was found that if 
the mixture was heated too strongly a black precipitate formed# 
It was concluded that upon strong heating the dlphenylthiourea 
decomposed and the sulfur liberated combined with the copper 
in solution to form black cuprlc sulfide*

Some of the precipitate obtained from the controlled 
heating preoipitation was dried and a portion of it was weighed 
in order that it might be used to determine the amount of ni
trogen in the complex using the KJeldahl method of analysis (6)# 
Before the KJeldahl analysis could be run on the complex It had 
to be determined whether the sulfur present in the dlphenyl
thiourea would interfere with the nitrogen analysis. A weighed 
amount of dlphenylthiourea was analyzed for nitrogen content 
using the KJeldahl method of analysis and it was found that the 
experimentally calculated percentage of nitrogen corresponded 
perfectly with the expected percentage in the sample# Hence it



was safe to assume that the sulfur didn’t interfere with the 
nitrogen analysis.

The analysis showed the complex to contain 9*525$ nitro- 
gen* This result corresponds rather closely to the 9 *6 2 0 % ni
trogen that would be present if one atom of copper oomplexed 
with one molecule of diphenylthiourea, Therefore it may be 
concluded that one atom of copper complexed with one molecule 
of diphenylthiourea under these conditions*

The filtrate obtained from the controlled precipitation 
of the copper was then analyzed for copper using the lodometric 
analysis with thiosulfate (7) in order to determine how much of 
the copper was precipitated from the solution by the diphenyl
thiourea* From this analysis it was found that of the 1*4000 
grams of copper present, 0*6854 grams were left in solution 
after the precipitation or 0*7146 grams were precipitated. This 
means that 50,98$ of the copper was recovered from this mixture,

3, CONCLUSION
Since a relatively large quantity of diphenylthiourea

> I
must be present in order that the precipitation of copper be 
complete, it seems that this particular compound, used under 
these conditions, would not aake a practical analytical reagent 
for the qualitative or quantitative separation of oopper*

The compounds of dlraethylparaphenylazoanallne and 2,4 dl- 
chlorophenoxyacetic acid, if they do form complexes under these 
conditions, don*t form as precipitates and therefore would not 
be useful as analytical reagents for these six metals.
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