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1. INTRODUCTION

Eledrochemicd depasition of metals and all oys are widely employed in different areas of materials
processng from the purification of metals to eledronic microfabrication. In its first applicéions,
eledrodepasition developed largely along empiricd lines, and this approach is gill 1argely employed in
pradice Due to its increasing importance in advanced technologies however, a purely approac to the
development and optimization of eledrochemical depasition.

Nano dmensional permanent magnet and magneto-opticd materials can be fabricaed by
eledrodepasition of Co, Ni and Fe —rare erth thin films all oys. [1-3]

In this paper is presented the dedrocrystallization theory and some potential and germ work
formation cdculations and its influence throught adsobtion and discharging ions concentration.

2. ELECTROCRYSTALLIZATION THEORY

Volmer and Erdey-Gruz introduced the theory of metalli ¢ eledro crystalli zation on a smooth surface
in 1931 [4] Thistheory is based on the new phase turn up medanism from a supersaturated phase. The work
done here for the obtaining of unit crystal germsis smaller.

Volmer presumed that electro crystalli zation germ is the elementary particle, which isin equili brium
with the supersaturated system. If the suprasaturation is higher the crystalline germ grow up further. For this
reason the dementary crystal need to have a“Criticd Size”.

By using the nditions from the chemical crystallization we cn obtain the 3D work for the
crystalline germ:
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where: X is a geometricd coefficient, o is the interfacestress V is the molar volume and G; is the free
enthalpy of the aystalline germs G, isthe free athalpy of the freeplane surfaceof the aystal.
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Volmer introduced the term " frequency of germs appeaance “ J. the number of germs which
appeasin thetime unit and the volume unit:

L

J= C.e_ﬁ 2

where cis a mnstant which depend on o, on the density and Avogadro number, and K is Boltzman constant.

If we replace the form of Lg from the relation (1) to (2) we can observe the influence of the
supersaturation degreeon the frequency of the germs appeaance

The frequency of germs appeaance is drongly influenced by the interfacestress o as we @n see
from relation (1).

Interface stress can be influenced. The adivity of different particles, which deaease the interface
stress by increasing the frequency of germs appeaance Eledricd charges can influence in a good way the
germs formation by increasing the Jvalue.

When the aystalline radius of the germs is smaller, by different situations, the frequency of germs
appeaance has to increase. If they are formed crystaline germs on a foreign crystals surfacetheir growth
depends on the substrate structure.

When the forces from the substrate structure of the aystal are different from those in the new phase,
tri dimensional germs have to be formed and they are completely different from on the basic aystal supposed
to be asuppart. If the forces from the substrate structure and from the new phase have the same charader the
tri dimensional germs will be formed [4-6], which can be forced to grow in a preferable diredion to the
substrate structure.

Increasing the radius of the germs depend on crystal structure substrates if the aystalline germs
formed on the surfaceof different crystals. When the forces which ads in the substrates of the aystal texture
are different from those of the new phase it have to form a 3D crystalline germs which gows entire
independent from the suppart. If the forces which adsin the structure and in those from the new phase ae the
same [4-6], it will grows a aystalline germ with a preferable orientation.

Metals can be homeopdare espedally when are formed neutral atoms (like in vapor deposition).
When the first surfaceis already formed the germs of the next surfacehave to be formed in the plane where
the depasition energy is maximum. The new crystalline germs will grow in the midde of the homeopdare
structure. This is possble becaise the deposition energy which is consider to be free is bigger then the
deposition energy, which can be mnsider to be free during the particle deposition on the boundary or in the
corner of the structure.

We can use the following rotations: Ay = 1/4/4 , Apourdary = 1312, Acomer = 1/2/1 asin figure 1.

142

Fig. 1 - Knadke and Stranski crystal
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The energy, which is =t free during the depaosition of the atoms at, the boundary of the growing
surfaceis more then Ay. Immediately appeas an intermediate phase of crystalli zation with a bigger energy.
This date is possble because for the first time dter some aoms chains formation, start a new atom chains:
the pasition with %2 notation in figure 1.

Because the maximum of the energy is st free the structure will be @ntinuing. This processwill be
repeaed during the aystal growth process Kossl named this process“repeaable step” [4]. A new surface
from the aystalline structure start to growth with a relatively small gain of energy. Once the new surfaceis
formed these will grow faster with a “repeaable step” . The growth velocity of a surfacewill be obtained in
the dowest stage of the growth process the aystalline germs formation in the middie of the surfacestage.

The growing process of a surfacedepends on two comporents. the verticd substance depaosition (a
perpendicular growing related to the basis and a parall el growing related to the basis respedively). Depasition
on the vertical is low because Ay is small. The tangential deposition which starts after the germ formation
(sed formation) is much faster.

From the figure 1 we aan find the next charaderistic pasitions of the particles: (1) on the border, (2)
and (5) in the corner, (3) , (4) and (7) on the surface ad (6) on the step.

Except these can appea voids on the surface

The most important positionis (1/2) [4].

In the cae of a small value of super saturation only the “repeaable step” with a higher energy will
exist. The aystal can grow infinitely and will have the equilibrium form in conditions of no perturbation from
outside. At a higher super saturation the surface &eady formed will grow further and it will form new
surfaces. So the aystal will grow step by step.

During eledro crystalli zation the a&oms from the metal lattice (structure) are formed from the ssimple
or complex metal ions lvated or hot discharging process

Because of the gplied eedric field, metallic ions are dtraded to the dedrode, neutralized and
included in the metal lattice

The general eledro crystalli zation processtakes placein diff erent way:

Model |
. lons discharging leals to adsorbed ions formation process(formation of “ad- atoms”)
. Diffusion of “ad- atoms* on the dedrode surfaceto the inclusions from the lattice
. Obtaining the lattice
Model 11
. lons diffusion which have to be discharged
. Discharging of ionsin the placewhere is formed the aystalline structure (the lattice)
. Obtaining the lattice

Every step can have different phase a bresing the mmplex of ions before discharging. The stage
with a smaller velocity will influencethe dedro crystallization process

In eledro crystallization case is better to use potential eledrode instead of free enthalpy, which
appea at the interfaceof the metallic aystal phase, and the dedrolyte, which contains metalli c ions phase.
This potential eledrode can be measured by using areference dedrode. We can use the chemicd potential

of metallic ionsin the germs of aradiusr (p'-'l\-/leg) and for the aystal with infinite dimensions (u&em) to

establish the relationship between free enthalpy and eledrode potential €. on the metalic infinite aysta
during the dedric flow passng through the germs of radiusr.
Equili brium potential eledrodeis:
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and the potential established during the airrent passng through ; will be:

o —
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where: aye is the metallic ions adivity from the dectrode vicinity of the infinite aystal (with no eledric
flow); aye isthe metalic ions adivity when the dedric flow pass through the aystalline germ during the

growth process aye’ < aue’ is the standard chemica potential of the ionic metals from the

. 1,0
’ uMe "2
solution.

Relationship between freeenthalpy and chemicd potentialsis:

G =N Hye + ©)

where n; isthe number of moles during the process
By using relation (3) and (4) in (5) we can ¢get:
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Go =NiHyer —niQ.l Me{p —ZFEq +RTInaMe+)

(6)
The diff erence between those two relationsis
G, -G, =n [zF(se—si)+ RT(In alver ~Ina, . )J @)
where N =€, —€; isthe cdhodic overpotential
By repladng therelation (7) in (1) we can get the germ formation work as foll ows:
4x.0° V2
Lg = 5 (8)
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In conditions very close to equili brium: at the very small values of the flow densities and in solutions
not very diluted the second term in the denominator can be negleded. That term can be take into acaount only
when the metalli ¢ ions adivity from the vicinity of the cahode is small er inside of the dectrolyte solution.

We can seethe relationship between all the values, which can influence the overpaotential on the
metallic depasition d the substrates in relation (8). From relation (8) we @n conclude that the germs
formation work is inverse propartion with the number of germs formed on the surface unit. So during the
increasing of the overpotential, the germs number have to increase and their size have to deaease.

From the same formula (8) we can analize the influence of the different fadors on the germs
formations.
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3. ADSORBTION INFLUENCE

Taking into acount that adsorbtion is the influence of a layer of foreign substance on an
impermeable surfacewe will analyzethe influence of adsorbtion on the germ formation work.

During adsorbtion of different substances, the growth of crystals at the cahode is dow down and is
obtained a very big polarity of that one. These substances can be organics and colloids. By increasing of
adsorbtion process the interface stress (0 ) will deaease ad these will deaease the values of germ
formation work L4 too.

By deaeasing the germ formation work, the number of germs will increase and their diameter will
deaease. Because of a height inhibition will take placethis phenomena. When the values of the inhibition are
very low the germ formations will deaease but the dimension of the particle will i ncrease. That experimental
result is not in agreement with relation (8).

Low inhibition will ad on the germ formation for one -, bi, and tri dimensiona germs.

The one dimensional germs formation work for a chain of atomsis:

L = (& - 0.) ©)

where: ¢ ; isthe taking off work of asingular particle and ¢ ,isthe average taking off work.
In conclusion the difference ((I)I - ¢a) become higher and from relation (9) is obvious that one

dimensional germ formation work Lgi is higher and prevent the formation of a new germs, but influence by
increasing the existing germs.
Thetri dimensional germ formation work is:

L} =2a°W+8ax +8¢ (10
where W isthe spedfic interface @ergy; x is pedfic border energy; € spedfic corner energy.

For alow inhibition, the spedfic corner energy € will deaease because of the stacking of the arner
atoms. So the face of the germ is increased (becaise of the deaeasing) one dimensional germ formation
frequency.

We can get an increasing of the tri dimensional germ formation work Lg3.

4. DISCHARGING IONSCONCENTRATION INFLUENCE

Metalli c existing ions concentration from the substrates in the vicinity of the cahode influences the
germs formation. By deaeasing the metalli ¢ ions concentration we can obtain a polarity with height or low
concentration.

Another effed of the reduced ions concentration in the cahodic film is the following: at small
current densities we @n get the limited current region.

In the most cases these lead to dscharging of hydrogen and using this eledro crystalli zaion
processes will be inhibit by hydrogen adsorbtion at the cahode.

5. CONCLUSION

We ca conclude that a singular atomic chain is produced at low inhibition, so just the first atom
from the chain will be stacked, the other atoms and the surfacewill not be cover with inhibitors. Inhibition
will slow down the new one dimensional germs formation. By stadking the aoms from the crner, the taking
off work ¢ ; isincreasing and the average of the token off work for the big crystalline faceis unchanged.

In conclusion we @an say that isvery hard to oltain tri dimensional and bi dimensional germs, but we
can obtain only one dimensional germs and the aystals can grow further on the existing germs.



10¢€ Bujor I. Pancan, Mirela F. Nicolov

We ca conclude the following: a height pdarity encourages the gpeaance of the germs, which
brake down the growing of them, which isin a good agreement with the experiments.

Discharging ions concentration can be deaeased by eledrolyte mncentration reduction using
another salt or another complexing agent.
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