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ABSTRACT

An investigation was made to determine the effect of 
thiourea and l-methyl-2-thiourea on (1) the overpotential 
and (2) the amounts of these addition agents incorporated in 
a copper electrodeposit.

Under galvanostatic conditions at current densities up 
to 40 mA.cm^, thiourea shows a behavior consistent with a 
simple blocking theory, according to which the overpotential 
increases due to an increase in the true current density.
The l-methyl-2-thiourea results in a greater overpotential, 
and at the higher additive levels it too follows the simple 
blocking theory, but at .5 and 2 mM/1 its behavior cannot be 
explained in such a simple manner.

The copper deposits produced in the presence of addi
tives contain sulfur, and the amount increases with an 
increase in the concentration of these addition agents. The 
amounts of sulfur incorporated were determined by X-ray 
analysis. With the proper procedure, X-ray analysis is 
sufficiently accurate and sensitive to determine the amounts 
of sulfur when electrodeposited from an electrolyte contain
ing addition agents at concentrations of .5 to 6 mM/1.
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INTRODUCTION

Addition Agents
In metal deposition, small amounts of surface active 

substances are added to metal plating baths to alter the 
physical properties of deposits such as brightness, smooth
ness, hardness and ductility. These substances are known as 
inhibitors, addition agents or just "additives" and are 
referred to as "brighteners", "levelers", etc. by the 
practical electroplater depending on the property of the 
deposit most influenced by their presence. Most addition 
agents are organic compounds and are used in concentrations 
from 10”  ̂ to 10"^ M, Inorganic addition agents are used 
only infrequently and are used in concentrations from 10“  ̂m. 
up to concentrations which give deposits more aptly de
scribed as alloys. In commercial electroplating, it is 
common practice to use two or more addition agents to obtain 
a desired electrodeposit.

According to Frary (1913), the first recorded use of 
an addition agent was by Lyons and Millard in 1847. They 
used carbon disulfide in a silver cyanide plating bath to 
produce a bright electrodeposit. It was proposed by Hoar 
(1953) that the carbon disulfide was probably converted to 
thiourea in the cyanide bath, although he gave no reaction 
to explain the formation of thiouea under these conditions.
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The most common method used to synthesize thiourea and its 

derivatives is by the reaction of carbon disulfide with a 
primary amine as shown in the following equation.

CS2 + 2RNH2  ► RHNCSNHR + H2S [1]
From these early beginnings, the art of electrodeposi

tion has stayed ahead of the science primarily due to the 

complexity of the electrodeposition process itself but some 
model of the process is needed for a clear understanding of 

the role of addition agents. Briefly, the reduction of 
metal ions from aqueous solutions before becoming incorpor

ated into a metal lattice undergoes several consecutive 
reactions, namely: 1. transfer of hydrated ions to the 

electrode; 2. deformation of the hydration sheath; 3. lib
eration of ions from the hydration sheath; *1. adsorption 
of ions with subsequent migration to active growth sites of 

the electrode; and lastly, 5« bhe ion discharge with incor
poration of the metal ions into the metal lattice. Funda
mental studies of the electrodeposition process have been 
reported by several authors (Harrison, Rangarajan and 

Thirsk, 1966; Lyons, 195^; Saubestre, 1958).
Since the early nineteen hundreds the kinetics of the 

various steps in electroplating have been studies by over
voltage investigations. Many early studies were done in 

an effort to explain the hydrogen reaction on a mercury 
electrode where, unlike a solid metal, the surface was 

extremely reproducible. The overvoltage, often called
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overpotential -of a reaction,, is defined as the excess volt
age over the reversible potential that must be applied to 
a reaction to cause it to proceed at a particular rate.
A good description of overpotential is given by Brockris 
(1971).

It was soon realized that ions in the bulk of the solu
tion must be transferred to an electrode surface. However, 
when an ion approaches an electrode surface, it encounters 
a discontinuity a few molecular diameters distant from the 
real surface. This is called the double layer and is aptly 
described by Frumkin (i960).

Like those early studies on the mecanism of hydrogen 
deposition, most metal deposition studies have used electrode 
potential-current density (polarization curves) data for 
analyzing the electrode process. The presence of Addition 
agents in a metal plating bath usually results in a consid
erable increase in the cathode overpotential - primarily 

• due to adsorption of the additive on the cathode surface 
(Schneider, Sukava and Newby, 1965; Sukava, Schneider, 
McGregor, 1965; Kruglikov, Gainburg and Kudryavtser, 1967). 
The overpotential increase caused by additives is generally 
believed to be due to the increased current density caused 
by block of the electrode by adsorbed additives. This 
effect of increasing the charge-transfer overpotential when 
the electrodeposition falls in the Tafel region; i.e., when 
charge-transfer is the rate controlling step. It has been
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reported that based on the simple blocking theory, the 

adsorption of straight-chain carboxylic acid additives could 

be represented at low surface coverage by a Langmuir-type 
isotherm (Loutfy and Sukava, 1971)* At times this simple 

explanation cannot be used to explain the action of addition 
agents; for example, additives not only.adsorb as unchanged 

molecules or ions by may undergo decomposition during 
electrolysis. In these cases the overpotential represents 

a potential change due to reaction as well as that caused by 
inhibition.

Thiourea as an Addition Agent

As mentioned above, most addition agents cause an 
increase in overpotential; however, certain sulfur cor runds 

in low concentrations cause a decrease in overpotential. It 
has been reported that thiourea in low concentrations (below 
.1 mM) in an acid copper sulfate plating solution causes a 

decrease in overpotential (Shreir and Smith, 1953). A 
similar behavior has been reported for thiourea in a nickel 

plating bath (Edwards, 1964). Edwards proposed that the 
depolarizing influence was due to the liberation of sulfide 

ions at the cathode and an opposing polarizing tendency due 
to the presence on the cathode surface of undecomposed 

thiourea. The latter was suggested to predominate at mod
erate and high concentrations of thiourea in order to explain 

the results observed experimentally.
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An earlier study further suggested that thiourea was 
partially decomposed at the cathode because much less carbon 
than sulfur was found in a nickel electrodeposit. A study 
of copper electrodeposition suggested that the thiourea 
additive decomposes to form sulfide ions which combine with 
cupric ions and precipitate as CuS on the cathode (Turner 
and Johnson, 1962). Others studied the sulfurization of 
copper by a thiourea derivative without electrolysis and 
found CU2S was formed on the copper surface (Llopis, Gamboa 
and Arizmendi, i960).

The concern of the present work was primarily:
1. To determine the electrochemical behavior of 

thiourea and l-methyl-2-thiourea in moderate to 
high concentrations in a copper sulfate electro
plating solution.

2. To determine the consumption of the addition 
agents at the cathode by measuring the sulfur 
incorporated in the electrodeposits by an analy
tical method other than the use of a radioactive 
tracer.
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EXPERIMENTAL WORK

Reagents
The ’’standard” electrolyte was made from reagent grade 

copper sulfate and sulfuric acid and consisted of 125 g/1 
CuSOi| . 5H2O and 100 g/1 H2SO11 in distilled water. Possible 
trace organic impurities were removed from the electrolyte 
by stirring in some activated charcoal, allowing it to stand 
a short time, and then filtering through a Whatman GP/C 
glass filter (Whatman Inc., Clifton, New Jersey) supported 
on a medium-grit Buchner glass filter. Some very small 
charcoal particles were not removed by the above operation, 
and since this could adversely influence the effectiveness 
of the additives, the electrolyte was refiltered using the 
same type of glass filter but supported by a fine-grit 
Buchner glass filter. After filtering, nitrogen was bubbled 
through the electrolyte, and it was stored in a stoppered 
glass container until ready for use.

Since it has been reported that sulfur-containing 
addition agents form a precipitate when added to a copper 
sulfate electrolyte in the solid form, the thiourea and 1- 
methyl-2-thiourea additives were dissolved in distilled 
water so that 1 ml. of these solutions resulted in an add
itive concentration of 1 mM/1 when added to 333 nil. of the 
standard electrolyte. Although it has been reported that
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a thiourea solution is stable up to one month, in this study 
the additive solutions were used within one week after makeup 
(Hutchinson and Boltz, 1958).

Materials
The anode was made of "Marz" grade .080-inch diameter 

wire having a purity of 99*998 percent copper and was pur
chased from Materials Research Corporation; Orangeburg, New 
York. The wire was coiled in a spiral to give a large 
surface area so as to prevent any possible oxidation of the 
addition agents during electrolysis. Before use, the coiled 
wire was annealed at 750 degrees centigrade for two hours 
in a Varian Model 2966 (Varian Co., Palo Alto, California) 
vacuum furnace, etched in h0% HNO3 and thoroughly rinsed 
in deionized water.

The reference electrode consisted of a spiral of the 
same grade copper wire as that used for the anode. The 
reference-electrode reservoir had a volume of approximately 
twelve milliliters and was filled with the same standard 
electrolyte as that used for electrolysis so that the cathode 
potentials measured were in reality polarization values. The 
use of a copper reference electrode was found to be quite 
advantageous since it could not contaminate the system, as 
would be the case if a salt bridge were used. Chloride and 
cyanide ion, even in very low concentrations, were reported 
to have a significant depolarization effect in the presence
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of addition agents (Venkatachalan and Winkler, 1968).

The cathode was constructed of a 1/4-inch thick stain
less steel disc attached to a .032-inch thick circular 

stainless steel sheet. The sheet was attached to the disc 
by resistance welding using pure copper as the filler mater

ial. The circular, stainless steel sheet had an active area 
of 4 cm2 and the sulfur content was less than .005 percent 

as determined by using a Leco carbon-sulfur analyzer Model 
CS 44 (Leco Corp., St. Joseph, Michigan). The 1/4-inch 

thick disc had a 5-40 threaded hole to accept a cathode 
support rod. The cathode support rod was 1/4-inch in diameter 

and threaded on one end so that it could be screwed into the 
cathode disc. The other end was inserted into a Teflon 

(E. I. DuPont Co., Wilmington, Delaware) cap. The cathode 

assembly was thoroughly degreased in trichloroethane at 120 
degrees Centigrade and rinsed in hot deionized water.

The cathode, except for the exposed portion of the 
stainless steel sheet, was made nonconductive by masking with 

a plating lacquer (Plating Fiesist No. 145, Warnow Process 
Paint Co., Los Angeles, California). The support rod was 

also masked with the same masking material. A picture of 
the cathode together with the reference reservoir is shown 

in Figure 1. The working surface of the cathode was prepared 
using normal metallographic procedures to obtain a mirror

like finish (Coons, 1946). •
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Figure 1. Cathode Assembly: A, cathode; B, support rod:
C, Teflon cap; D, reference cell; E, Luggin probe.
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Electrolysis Cell
The electrolysis cell was constructed of Pyrex (Corning 

Glass Co., Corning, New York) similiar to the one used by 
Loutfy and Sukava (1971). The cell consisted of two large 
test tubes connected by a glass tube, thereby forming an 
H-shaped cell. The anode compartment of the cell consist
ed of a Teflon cap through which was inserted the copper 
anode. The Teflon cap for the cathode compartment was slot
ted so that the Luggin tip could be placed about one milli
meter from the cathode, which was approximately three times 
the outer diameter of the tip, in order to prevent shielding 
during electrodeposition.

Instrumentation
The cathode potentials were measured with a Hewlett- 

Packard Model 413A high impedance, vacuum-tube voltmeter.
The voltage was recorded on a Moseley Autograf Model 689' 
recorder (Hewlett-Packard Co., Palo Alto, California).

The current for electrolysis was supplied by a Tacassel 
potentiostat Model PRT20-2X (Ryaby Assoc., Passaic, New 
Jersey). A potentiostat is normally used to control the 
potential of the working electrode relative to a reference 
electrode. The potential applied to the cathode(working 
electrode) and the anode(counter electrode) is automatically 
and continuously controlled by an error signal from the 
potentiostat, so as to maintain the cathode potential at a
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precise value. In this study the potentiostat was used to 
provide a constant, predetermined cell current (galvanostat). 
a schematic showing this arrangement is given in Figure 2. 
Constant current values were achieved by inserting a decade 
resistor switch in the cathode lead. The resistor values 
were such as to give current densities .of 10, 20 and 30 m A / c m ^ .  
A  current density of 40 m A / c m ^  was obtained by adjusting a 
potentiometer on the potentiostat. The quantity of current 
which was for all practical purposes directly related to the 
thickness of the electrodeposit was measured by a Koslow 
coulometer Model 541 (Koslow Scientific Co., North Bergen, 
N.J.). A  photograph of the complete experimental setup is 
given in Figure 3«

Preparation of the Cathode
Since the stainless steel cathode would give a poten

tial significantly different from a copper electrode, it had 
to be prepared with copper; however, it is a well known fact 
that it is difficult to electrodeposit copper directly on 
stainless steel. Even though a stainless steel surface may 
be clean, it normally has a thin protective oxide film which 
makes it chemically resistant or "passive" and prevents an 
adherent deposit.

Therefore some kind of activation was needed to alter the 
surface by removing the film, and to apply a layer of metal 
before the film could reform. Initially, the cathode was
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Potentiostat

Reference
Electrode

Coulometer

Ammeter

Electrolysis
Cell

Decade Resistor

Voltmeter

Counter
Electrode
Working
Electrode

Figure 2. Schematic showing the potentiostat operating as 
a galvanostat, and auxilary equipment.
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Figure 3. Experimental Instrumentation and Electrolysis Cell: 
A, electrolysis cell; B, ammeter; C, voltmeter;
D, decade resistor; E, recorder; F, coulometer;
G , potentiostat.
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prepared by etching in HCL to depassivate the stainless 

steel followed by electroplating from the standard acid-
copper sulfate electrolyte. This was discontinued early in

the study, since it was believed the acid-copper sulfate 
electrolyte contributed much to the erratic results noted 

in the sulfur analysis. To reduce the possibility of sulfate 
contamination from this source, the cathodes were preplated 

using a copper cyanide solution. The procedure followed in
preplating the cathodes is given in Table 1.

Procedure
The H-shaped electrolysis cell was filled with 333 nil. 

of standard, unadulterated solution, and filtered nitrogen 
gas was bubbled through the solution for one-half hour to 

remove any dissolved oxygen. The cathode, preplated with 
copper, was attached to the support rod and holder. The 

tip of the Luggin probe was positioned about one millimeter 
from the cathode surface and then inserted into the cathode 

compartment of the electrolysis cell. The decade resistor 
was set to give a current density of 10 m A / c m ^ . The switches 

of the potentiostat and recorder were activated to start the 
electrolysis and record the polarization. All this was 

accomplished within five seconds after placing the cathode 

in the electrolyte. Electrolysis was continued until the 

copper electrodeposit was five microns in thickness based on 
a plating efficiency of one hundred percent. The cathode
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TABLE 1

Procedure for preplating the stainless steel cathode using a 
copper cyanide bath.

OPERATION 
60% HN03 etch 
Metallographic Polish of 

stainless steel cathode

Nickel Strike: NiCl2.6H20-300g/l
Boric acid.38g/l

D .I. Water Rinse
Cyanide Copper Strike: CuCN-15g/l

NaCN-23g/l
D.I. Water Rinse 
30% HC1 Rinse

Metallographic Polish of 
copper deposit 

D.I. Water Rinse

COMMENTS 
Removes copper

.06 micron alumina on 
A.B. Buehler microcloth. 
60 mA/cm2 for 50 sec.
For good adhesion of the 
copper deposition on 
stainless steel.

40 mA/cm2 for 40 sec.

Neutralize and 
deoxidize copper

Same as step #2.
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and holder rod were removed from the Teflon cap and rinsed 
with tap water. The cathode with the electrodeposited 
copper was unscrewed from the holder and further rinsed in 
hot tap water for five minutes, followed by a two-minute 
ultrasonic agitation and then a five-minute rinse in deion
ized water to insure the removal of any electrolyte. The 
electrodeposit was blown dry with clean air.

Nitrogen gas was bubbled through the electrolyte for 
five minutes, and the decade resistor was set to give a 
current density of 20 mA/cm^ and electrolysis again repeated 
to give a deposit of five microns in thickness. The same 
procedure was repeated at a current density of 30 and 
40 mA/cm^. The latter current density required an adjust
ment of the potentiometer on the potentiostat.

Each of the four electrodeposits were dissolved form 
the stainless steel cathodes by dropwise addition of .4 ml 
of 60# HNO^. The dissolved electrodeposits were rinsed ■ 
off the cathode with distilled water into a 25 ml. beaker. 
Besided serving as control samples, the deposits produced 
(which were free of additional agents) acted to "break in" 
the electrolyte. Although the "breaking in" of an electro
lyte is of questionable value, it is a common practice by 
practical electroplaters.

After electrodeposition from the bath without addition 
agents, the aqueous addition agent solutions were added to 
the electrolyte using a hypodermic syringe, applying equal
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portions to the anode and cathode compartments. Nitrogen 
gas was bubbled in both compartments for a total of one-half 
hour before starting the electrolysis. The complete cycle 
was repeated so that four electrodeposits were obtained 
for each level of addition agent. In order to reduce the 
amounts of waste electrolyte generated -in this study, the 
addition agent levels were increased by adding the necessary 
increments to the same bath already used at a lower level.
For example, a 2 mM/1 additive level solution was achieved 
by adding to a .5 mM/1 additive bath which had previously 
been used to produce the necessary electrodeposits.

At the completion of the study of one of the addition 
agents, the electrolyte was discarded and the cell cleaned 
with a chromic acid glass cleaning solution. After thor
oughly washing with distilled water, the cell was again 
filled with 333 ml. of the fresh standard electrolyte before 
commencing the studies at 0, .5, 2 and 6 mM/1 of the other 
addition agent. In the case of l-methyl-2-thiourea, an addi
tive level of 4 mM/1 was also included. As was done for 
thiourea, each electrolysis at a particular current density 
and addition agent concentration was repeated a minimum of 
three times, and the order was reversed to eliminate the 
possible influence of additive consumption.

A major problem encountered in a study of this nature 
is to accurately determine the amount of additive incorporated 
in the electrodeposit. This might account for the limited



T 1768 18

number of studies reported which deal with the analysis of 
additives in electrodeposits. Of these studies the quanti

tative analysis of incorporated additives in electrodeposits 
have not been particularly accurate or reproducible although 

various methods have been attempted. Radiochemical analysis, 

using either carbon-14 or sulfur-35 labeled additives, is 

the most frequently reported method of analysis. This has 
the disadvantage of handling and disposal, as well as the 

fact that the relatively weak beta radiation is severely 
absorbed by the metal matrix. The latter problem was also 

the reason the thickness of a metal electrodeposit must be 

less than 3000 Angstroms if the sulfur is analyzed by-electron 

probe microanalysis (Kuriki, Sato and Maeda, 1971). Javet 
and Hintermann (1968) studied the scnsumption of thiourea 

by observing the inclusions in a deposit by electron micro
scopic analysis and only presumed that the inclusions were 
the thiourea additive. Ultraviolet spectrophotometric measure

ments at 250 nm have been used to study the consumption 
of thiourea in a nickel electroplating bath (Ealakrishnan 

and Fischer, 1965). The spectrophotometric measurements; 
however, indicated the presence of an absorption band other 

than thiourea and presumably indicated a nickel-thiourea 
complex or decomposition products of thiourea, therefore 

giving high results for the amount of additive incorporated 
in the electrodeposit. One investigator reported that he 

could not determine or detect the addition agents themselves
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or their presence in a copper plating bath by ultraviolet, 
infrared, mass spectrometry or emission spectrophotometry 
(Jawitz, 1973).

The analytical method selected in this study for deter
mining the additive content in an electrodeposit was similar 
to that reported by Luke (1968) for the determination of 
sulphur. He determined trace amounts of sulphur by precipi
tating the sulphur as barium sulphate and measured the sul
phur in the precipitate by X-ray analysis.

In this study the dissolved electrodeposits, electro
deposited with and without the presence of addition agents, 
were treated by adding .1 ml. of 1.0 g/1 KClOjj, .1 ml. of a 
1/2 percent NaCl solution, and .2 ml. of fuming nitric acid. 
Each solution was boiled to near dryness, then HC1 was added 
to remove the unreacted oxidants and boiled to dryness. The 
sides of the beakers were washed with a minimum of distilled 
water, and .5 ml. of buffer solution was added to insure- a 
pH of 4. The buffer solution was prepared by dissolving 37 
grams of anhydrous sodium acetate plus 143 ml. of glacial 
acetic acid in 1 liter of distilled water.

After the wet oxidation step and addition of the buffer 
solution, a barium solution was added to affect precipita
tion. The barium solution was prepared as follows: dis
solve .8 grams of barium chloride dehydrate in 100 ml. of 
distilled water in a one liter flask. Add 125 ml. of pH 4 
buffer solution, plus 500 ml. of ethanol. Dilute to 900 ml.
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and cool. Dilute to the mark and mix thoroughly. Allow to 
stand three hours and then filter on a .45 micron Millipore 
filter. The filtrate is then ready for use.

Two ml. of barium solution were added to those samples 
electrodeposited from electrolytes containing zero and .5 mM. 
of additive, and 4 ml. added to those at higher additive 
concentrations. The 25 ml. beakers were agitated from 15 to 
30 minutes and filtered on a .3-micron, 25 mm. diameter 
Millipore filter paper, rinsed with distilled water followed 
by an alcohol rinse. The filter paper containing the pre
cipitate was allowed to air dry a few minutes, sandwiched 
between two .00025-inch thick Mylar (E. I. DuPont Co., 
Wilmington, Delaware) films and fitted tightly to a Spectra- 
Cup (Somars Laboratories, Inc., New York, New York) using a 
retainer ring.

The X-ray analysis was done using a Kevex Model 5000A 
nondispersive X-ray unit (Kevex Corp., Burlingame, California). 
The chromium X-ray tube was operated at 27.5 KV and 10 mA 
with a titanium secondary target. The X-ray chamber was 
under vacuum, and a 30-second counting time was used for all 
analyses.

Calibration
A calibration curve was generated using varyipg amounts 

of potassium sulfate precipitated as barium sulfate. The 
potassium sulfate solution was prepared having a sulfur
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concentration of 100 micrograms/ml, and aliquots were taken 
to give concentrations of 10, 25, 50, 75, 100 and 125 micro
grams of sulfur. Each aliquot was subjected to wet oxidation, 
evaporation, precipitation, etc. in the same manner as that 
described earlier for the electrodeposited samples. The 
calibration curve shown by Figure  ̂was- accurate to slightly 
less than 5 percent of the amount of sulfur present. The 
latter was based on results obtained on three seperate analyses 
at each level, and determined by X-ray analysis.
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RESULTS AND DISCUSSION

Influence of the addition agents on the electrochemistry 
of copper deposition

The effect of thiourea and l-methyl-2-thiourea in the 
copper sulfate bath on the cathode potential-current density 
relationship was substantial at the addition agent concentra
tions used in this study. As shown in Figures 5 and 6, both 
addition agents caused an increase in polarization, particu
larly in the case of l-methyl-2-thiourea. The steady-state - 
total overpotentials were made at 22° £ 1°C without stirring

9

the solution and were reproducible to ± 6%.
According to Brockris and Damzanovic (1964) and Chu and 

Sukava (1969), the rate-determining step at high overpoten
tials in the case of copper electrodeposition is due to 
the charge-transfer process and can, therefore, be described 
by the Tafel equation:

n = a + b In i [1] 
where n is the overpotential, i is the current density, b is 
the Tafel constant, and a is a constant of the equation.
Based on a simple blocking theory, the cathode overpotential 
increments caused by addition agents are believed to arise 
from an increase in the true current density because of poten
tial blocking of the electrode by adsorbed additives. If a 
fraction, 9, of the cathode surface is covered by additive 
molecules leaving an uncovered fraction, 1-9, available to 
metal deposition, then the true current density will be
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Increased from 1 in an unadulterated plating bath to i 1 
in the presence of an additive, such that 

i» = i/(l-0) [2]
In the presence of additives, the charge-transfer potential
will be increased to n T such that

n' = a + b In i'
= a + b In (i/1-0) [3]

On subtracting Equation [1] from Equation [3]s an expression 
relating the overpotential increment to the fraction of sur
face coverage can be obtained

0 = 1 -  exp(-An/b) [M]
The overpotential increment an is obtained by subtracting the 
overpotential of the standard electrolyte from that in the 
presence of the addition agent at the same current density.

A Tafel plot of the data from all of the five-micron 
electrodeposits is shown in Figure 7. The Tafel slope for 
the standard electrolyte and that in the presence of thiourea 
are nearly the same. The slope of 45 ± 3 mV compares favor
ably to the 50 t 1 mV value found by Chu and Sukava (1969) 
in the case of a . 5M CuSOij and 1M H2SOI1 electrolyte. There
fore, under conditions where charge-transfer is rate deter
mining, thiourea has no significant effect on the kinetics 
of copper deposition. Conversely, the action of the 
l-methyl-2-thiourea additive cannot be explained by a simple 
blocking theory at the lower concentrations, but it too 
behaves similar to thiourea at 4 and 6 mM/1.
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Figure 7. Tafel plot showing the effect of no additive(— ^— );

and various concentrations of thioureaf-o--) and 
l-methyl-2-thiourea(— •— ) in a copper plating bath.
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Incorporation of the Addition Agents In the Electrodeposit
The amounts of both addition agents Incorporated in the 

copper electrodeposits under various current densities and 
additive concentrations are given in Table 2. Although the 
results are not overly accurate and reproducible in all 
instances, they do show that in the presence of either 
thiourea or l-methyl-2-thiourea, the amount of sulfur in
corporated in the deposit increases with an increase in 
the concentration of the additives in the plating bath. 
Moreover, the amount of sulfur incorporated in the electro
deposits from baths of equal concentrations of thiourea and 
the methyl derivative are quite similar. The higher over
potentials observed in the presence of the latter additive 
are believed to be due to its greater bulk, which more effec
tively shields the cathode during electrodeposition. It is 
believed that the variability at lower sulfur contents can 
mainly be attributed to contamination from the electrolyte; 
whereas, at higher sulfur contents most of the variability 
is due to errors associated with preparing the samples for 
X-ray analysis.

The results also indicate that occasionally the amount 
of sulfur incorporated in a deposit at a particular level of 
addition agent is lower at the higher current densities.
This may be due to fragmentation of the additive molecules 
or to desorption of the molecules at more negative potentials. 
The tendency of the sulfur content to decrease with an
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increase in current density; however, was not significant or 
consistent enough to lead one to believe that the rate of 

incorporation could be explained by a simple, fully diffusion- 
controlled process as that suggested by Edwards (1964) for 

low concentrations.
In agreement with amounts of sulfur contained in the 

electrodeposit, the appearance of the deposits ranged from 
a dull-matte finish in the case of those produced from a 

plating bath without additives up to a bright, lustrous 
appearance at the higher additive concentrations. The luster 

also Increased with an Increase in current density. An 
increase in the additive content also increased the brittle

ness and hardness of the deposit, but in almost all instances 

the adhesion was adequate to prevent peeling.
It was thought that if the additive molecules blocking 

the electrode are incorporated into the deposit during 
electrodeposition, the application of Equation 4, replacing 

the fraction covered 9 by the sulfur content, should give a 
linear relationship between the logarithm of sulfur content 

and the overpotential increment at a constant current den
sity. However, due primarily to the rather high variability 

in determining the sulfur content this relationship was not 
outstanding, particularly In the case of the methyl derivative. 

The latter is believed due in part to the complex behavior 
of l-methyl-2-thiourea at low concentrations as reported 

earlier in the overpotential measurements.
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The complex behavior of l-methyl-2-thiourea at low 
concentrations may be due to fragmentation of the molecule 
or the formation of a complex. In fact it is quite possible 
that both addition agents, at least to some extent, are 
incorporated in the deposits as their complexes. Oxy-salts 
of copper(II) have been reported to react with thiourea and 
substituted thioureas to form solid complexes in which copper 
is present in the cuprous state (Khodaskar, Bhobe and 
Khanolkar, 1967). They reacted . 05M copper sulfate and 
thiourea to form [Cu.nCS(NH2)2]2S0l| • In another investigation 
using thiourea concetrations up to near .5 mM/1, the cathode 
polarization of copper was reported to be due primarily to 
complex compounds and not the thiourea itself (Vozisov and 
Lapp, 1963). Here it was stated that the complex compounds 
could have been formed at the cathode surface by a reaction 
involving thiourea, univalent copper and cuprous sulfide, 
and thus were incorporated into the deposit as the complex.

Further evidence which suggests that a portion of the 
addition agents might form a complex In the plating system 
was the observation that a white substance formed on the 
copper anode. This white substance formed on the anode in 
the presence of both additives, whether or not current flowed 
in the electrolysis cell. After several days much of the 
white substance settled to the bottom of the anode compart
ment. When the white substance was removed from the anode, 
a black adherent film remained. The black film was suspected
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to be a copper sulfide.
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SUGGESTIONS FOR FURTHER WORK

There are a few studies on the incorporation of thiourea 
and some of its derivatives from an acid copper plating bath 
at low concentrations where these additives act to depolarize 
the electrode, but no studies have been reported from baths 
at higher concentrations. Nearly all of these reported studies 
used radiotracer techniques, and the results in many instances 
were semiquantitative at best. These radiotracer methods 
did however prove that the addition agents are incorporated 
in an electrodeposit.

Other analytical methods are needed to measure the amount 
and nature of the additives incorporated in the electro
deposit, so that comparisons can be made with those obtained 
in this study. Sensitive analytical methods are needed for 
carbon as well as sulfur, in order to ascertain whether the 
additives are incorporated as the undecompcsed molecule or 
as fragments. A method of determining microgram amounts of 
sulfur has been reported by Forbes (1973). He used atomic 
absorption to determine sulfur indirectly by measuring the 
excess barium when it was added to a sulfate solution. The 
advantage realized by his technique is that no filtration 
of the precipitate is required.

The study of other thiourea derivatives, particularly 
the acetyl and phenyl derivatives should be made. Their
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larger molecular size and lower solubility in water would be 
expected to increase the overpotential and adsorbability of 
these substances.
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CONCLUSIONS

The electrochemical data, particularly that of thiourea, 
agreed quite well with the simple block theory, indicating 
that it is incorporated into the deposit primarily as the 
undecomposed molecule. No simple explanation was found to 
account for the consumption of the l-methyl-2 thiourea addi
tion agent at low additive levels, but at concentrations of 
4 and 6mM/l it too behaved in a manner consistent with the 
simple blocking theory.

Since the additives incorporated in an electrodeposit 
can be in the form of the undecomposed additive as well as 
the copper complex and sulfide together with the fact that 
the deposits had to be dissolved from the substrate for 
analysis, the analytical method selected had to be capable 
of determining the total sulfur content. However, due to the 
presence of only microgram quanties of sulfur, special pre
cautions must be used if accurate results are to be achieved. 
Besides the obvious precautions necessary to prevent contam
ination from the electrolyte and the precautions required in 
a barium precipitation, the results from this study indicate 
that the heat used in the wet oxidation step must be kept to 
a minimum to prevent losses of the sulfur as sulfur dioxide 
and possibly carbonyl sulfide.

It was also found that a higher sulfur recovery is 
obtained if the contents of the beaker are transferred to the
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filter, the rinse of the beaker sides added, and the contents 
allowed to stand for a few minutes before filtering. It is 
believed that since the level of the barium chloride solution 
does not contact the upper part of the beaker, the rinse gives 
the sulfate possible remaining on the sides of the beaker time 
to react with the precipitating solution before filtering. 
Moreover, it is found that more efficient and reproducible 
results are obtained using a smooth, equipore filter rather 
than one with a fiber construction, since in the former case 
the precipitate is restricted to the surface of the filter 
where it can be better excited and measured by X-ray analysis. 
Using these precautions X-ray analysis is an adequate method 
for determining the sulfur content of the electrodeposits.

Like the overpotential measurements where the overpoten
tial increased with an increase in the level of the addition 
agents, the sulfur content in the deposits increases with an 
increase in the concentration of the addition agents in the 
electroplating bath. The amounts of addition agents incor
porated in the electrodeposits are quite similar, and nearly 
independent of current density indicating that diffusion is 
not a controlling factor in their incorporation.
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