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The exchange beotween atoms of a metal and its ions in  acue

ous solutions was {irst studied by von Hevesyl using ThB(Pb,,.) as

212
radicactive indicator in the system lead/lead nitrate. A striking

aspect of the phenomena is that in a relatively short time  hind-
reds of atomic layers of the metal are exchanged with the ions in

solution, Since the diffusion of the tracer to the interior of the
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metal is negligible ot the temperatures at which these exveriments
were performed, von Mervesy suggested that the very large amounts
of exchage observed should be related to the heterogeneous struc-
ture of the metal surface.

More recently IIalssinsky, Cottin and Varjabediaz_l2 investiga~
ted the exchange between various metals and their lons in solu~
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tion. They found that for a given‘system the amount and rate of ex
change depend on seversl factors such as the concentration of the
gsolution, the temneratuvre, the structure of the surface and on the
anions pregsent in the golution. These authors sugge-ted that the
reversible clectron transfer M Z + ze~ = 19 ig very rapid and in
dependent of the structure of the surfacej + However, the metal
.surface does not recmain unaltered at the contact with the eleetro~
lytic solution. In such conditions the eichange process desintegra
tes the original structure of the surface , lesding to a recrystal
lization of atoms on it. The continuous rencvation of the surface
increases the nunber of atomic layers of the metal which exchange
with the idons in sclution.

A necessary consequence of this proposed mechanism is that
after a certain time of exchange has elapsed, a fraction of the ra
dioelement used as tracer must be found in the interior of the me-
tal, included In the recrystallized material. If so, accurate mea-
surements should wreveal a loss in the energy of the radiation emit
ted by the radioelement. When the tracer decays by ~a-particle
emission, such loss of energy can be detected by measuring the ren

ge of the a-particles in nuclear emulsiong.

Since the number of elements which have an a-emitting igo-
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tope is very limited, the experiments could be performed only with
a few metals. However, we found possible to extend these studies
to a number of metals by & procedure which does not involve an iso

tope of the metal inveestigated.
EXPERIMENTAL AND RESULTS

The radiocslenment used in these experiments was ThC(Bizlp)

in eguilibrium with its parent ThB and derivatsse The decay of

ThB 1s renresented
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Tt can be seon that ThB with its derivates dechy with 106
houré veriod and emitt two main . groups of e-particles, of 6.05h
Mev from ThC (605 min period) and 8.776 Mev from ThC! (Poy,
33{10-7 sec periocdl)es These radioelements were obtained from a
thoron emanatting radiothorium source and their activities were
measured with a thin window G.HM. counter.,

L1l the experiments were done at room temperature (25*5)g C
wilith mechanically polished metal surfaces with 1 cm2 geonmetrical
area, made from high purity metols. For all experiments, the time
during whicn the foils were in contact with the solution was 30
minutes » The technique used for detecting the loss in energy of

the a-pariticles was the usual autoradiographic methodh with
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I1lford C-2 1004 nuclesar emulsions.

In a Iirst series of experiments we investigate the exchange
batween & Bi foil and a 0.1 M Bi(NOBJ3 solution with ThC as
tracer , in 1 M HNO3 medias. The experimental conditions were gi~
milar to those described by Haissinsky” « Relatively high activi-
ties of the tracer were used, in order to record a convenient num-
ber of tracks in the emulsion (approximatelly 10 per microscope
field) in an exposure of some minutes. After being immersed dur -
ing half hour in the solution, the Bi foil was thoroughly  washed
with water, dried and placed in contact during 10 minutes with the
emulsions After being developped the emilsion was scanned by means
of a binocular Zeigs microscope with oil immersion objective (mag-
nification ~s 1500 times). The range measurements have been Limi-
ted to those particles that enter the emﬁlsion through its  upper
surface and which have a maximam depth in the dry emml=ion aqual
to or less than %f/ 5. Approximatelly 500 of such tracks were meg
sured and the statigiical distribution obtained ls shown in figure
1.

| Previouns experim nts with nuclear emulsions6 have shown
that electredeposits of ThC on several metals such as Au, fg, PD
and Ni, obtained from hydrochloric and nitric acid media, do not
exibit penetration of the radiocelements into the metals. For thig
reason a spontaneous deposit of ThC” was prepared on a Ni foil,
from a 045 M HCL solution. After being washed and dried, the foil
wag placed in contact with the emulsion. After developpement the
measuremnents were made with the technique described aboves The hig

togram obtained is shown in figure 2; it can be seen that it exi-



bits twe sharp max’ira at ZYBJ// and M8,5f/ + Thepe values are
in good agreement with those reported by oﬁher authors7 for ranges
of ThC and ThC' ga=particles in the emilcsion.

_ It con be secen that histogrems in figures 1 and 2 differ con
siderably. The distribution obtained from the DIi foll shows mar-
kedly greater dispersion of the track lenghts and the modes of the
distributions are Tound at shorter ranges than those obtained with
the Ni foil (we shall heresfter refer to the histogram of Tirure
2 as the "standard digctribution" },

For quantitative compariecon we have chosen to compuie ~ the
mean track lenght of the distributions. This is a more precise and
more sensitive procedure than the usual one of comparing the modes
of the higtogramg, since in thils last method no account is teken
of the increase in dispersione The calculations were carried out
on the distribution from ThC' a-particles only, since tho preci-
sion of the measvrements of the smaller tracks due toc the ThC is
relatively poor. However, it can be seen that there is a rezion of
the histogram where the distwilution of ThC' tracks overlap with
that of ThC. In 2nlevlsting the average values the assumpiion was
made that all {raclis with range greater than B%f/ originate from
ThC' atomse “

A difference of 5.2// was found between the mean track 7
lenghts of the standard distribution of ThC' +tracks and the_dis—
tribution obtained from the exchanged radicelement on the bismuth
foil (table 1, column 5)» This result shows that the a-particler
emitted from the Bi foll possess, on the average, less energy

than those detected in the standard conditiong, indicating that an
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appreciable fraction of the exchanged ThC atoms are not on  the
surface of the metal.
| The experiments with other metsls, such as Zn for exemple,
were carried out by a different method, since this element does
not have an a=-emitting isctope. The electrical potential djffereg
ce between a Zn Toil and a 0.5 M ZnS0; solution (pH =L) is
approximatelly =0.52 volls, refered to the saturated calonmel eleg
trode 3 if ThC 1s added to the solution, the radicactive atoms
will be spontanecusly deposited on the Zn foila. In this system
two process will occur simﬁltaneously ¢ the exchange nt2 + ze” =
Zzn®  and the deposition of ThC on Zne 1T the nmetol surface is
altered in consecuence of the exchange process, the ThC deposits
on a suriace which is undergoing evolution and recrystallization .
This could be revealed, ag previously, by measuring the ranges'of
the a-particles in the emlsion. The distribution of a-tracks ob
tained in such an experiment is shown in figure 3, The mean track
lenght of the ThC! a-particles calculated from this distribution
is “1'7f’ , indicating that a part of the radioelement is inside
the metal foil. ]
Marked alterations in the distribution of the a-particles
were observed with (eposits of ThC on Pb and Cd (figures ly and
5)e For these metals, as for Zn, the autoradiography‘showed ;hat
the distribution ol the radicelement en the metal was not uniform,
since a part of the da~tracks were found concentrated at small
areas of the nuclear plate. A similar result was observed . by

10

Simnad” for other metals in autoradiographic studies with X-rays

films.
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The results obtained with Cu, Ni and Mn are shown in figu-
res 6, 7 and 8 3 it can be seen that these hisltograms do not dif-
fer considerably from the standard distribution. However, the cal-
culated mean track lenchts of the a-particles is shorter than
that obtained in standard conditions (table 1, colum 2)a

The reproducibility of the results using different folls
from the same metal was investigated for some systems and diffe-
rences < l}) in the mean track lenght of the a-particles were

observed, With Cd however larger differences were obtained

( < 1.6}) )
DISCUSSION

In order to interpret the above results we calculated the
mean range R of the on-particles in the egmulsion to be expected
with the measurement technique we have used, assuming that the ra~
dioelement is distributed in the metal with a demsity &(p), which

ig a function of the depth p of penetration in the metal.

Metal

w- i/t 7

Emilsion

W

The number of a=~-particles N(€)dé cmitted at an angle be-
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tween © and ©6 + 46 1is proportional to cos®. It can be seen

from figure 9 that sine = k_a':i.l:-)- y where L.ig the range of.

the a-particles cmwitited frpm the radioactive atoms at the surface
of the metal and K the ratlo of the stopping power of the emul-
sion to that of the metal. Thus, the distribution in range N(R,p)
to be expected from that part of the radicelement that is locali-
zed at a depth » 1is

N(R,p)dp = m——foem 4R (1)

k(L - R)®
It can easely be seen that tracks of a given range R that
are accepted for measurements (depth in the emulsion < maximum

depth T ) must have their origins at depths p < p', where

o kT - R) .
p' = o (2)

R
The average range R of all tracks with range greater than

BL is thus given by

L P’ L p '
R = ”J;L' N(R,p) o(p)dp dR (N(R,p) BCP)dp dR (%)
BL' 0 BLJ 0

In our computations we chose BL = 32}/ in order not to in-

ole

clude any ThC o¢-particles.

Now, if we assume that g(p) =1 for p bvetween O and a

given value P . and 8(p) =0 for p > P oax » that is , a

uniform distribution oi radioclement in a layer of thickness Pmax

and no radioeclement at depths greater than P s the integrals

max
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in (3) reduces to

- LkT L-R ]
PIRT P L ZKT-—ﬁ—-
papdRit : pdpdi
R = P R e X
(L - R) k(L =R)%
L LkT :
S FL L0 Bkt O :
- LT : I-R .
5L L kLt 1
X pdpdit + papdR )
(L -R)2 k(L -R)Z
BL 0 LT 0
L ‘ Bk T ,

Performing the integration one obtains :

= L (L + A)(1-B) 1 AR 1.
=y 1 A— ]..I]. - ll'l(l'l‘A) - e o
R = yed { A + R 1-B 1 _fﬁi_
. EI6S:))
vhere A = Pmax/ kT
_In figure 9 we have plotted éwﬁﬁ , the velative shorten-~
ing as a function of 1/4 . Taking L as the mean range of the -
standard distribution we calculated the relative shortening Tor

. the various systems studied (table 1, column 6) and from the

graph we obfained the corresponding 1I/A values {column 7)e T was
equal to 2.&/} in all the measgurements § the vaive of k for the
various metais wag calculated from the data complled by Manoll
{column 8)s The values of the maximum depth Pmax = kTA are lig=-

ted in columm 9. The number of atomic layers corregponding to a
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depth P was calculated assuming a close-packed structure of
iz

spherical atoms and the values obtained are listed in column 10.
The contribution of the diffusion of the tracer into
the metal to the value of PmaX is negligible. When a uniform
thin layer of tracer is allowed to diffuse into an infinitely
thick media, the concentration of the tracer at a distance between
‘ z
x and xtdx from the surface at a time t is given bylj
’ ~xZ/UDt
_ © x
T T < BN (5)
A D&
where Cq, 1s the concentration at t =0 and x =0 . For diffy
L
sion of ThC in Pbh for exemple, D at 25001‘13 approximatelly
3 X 10718 en? x sec t, x = Polox = O.ZOG/U and t ~v 30 minutes;

, s : 15
with these values the velation (5) glves™

S < 10760
CO

The depth of nenetration Pm is intimately connected with

ax
the alterations of the nchallic snrface in consequence of the ex-
chénge process. The comparison between the Values of Pmax for the
various systems studied (neglecting in a first approximation thg
specific influence of the anion), indicates that the -alterations
on the surfaces oi Zn, 21, Pb and Cd were more intense than
that on Cu, Ni and Mn. The same conclusion was derived hy
Ha‘:tissinsky‘?"‘ES from exchange experiments, who observed that this
is in agreement with the clasrification proposed by Piontelli;T re

lating the electrochemical proverties of metals with their crystal
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and electronic structure. sccording Lo Jimse ldeas thelsmail tend-
ency of the transition metals to exchange with the ions in the so-
Jution is a coinsecuence o? thaelir high cohesion in the lattice, due
to the participation of d orbitals in the bonding between the a-
toms (hybridization s, b, d)

The values of Pmax obtained nust be considered only asg
semi-quantitative in view of the extreme simplicity of the geome-
trical medel we proposced. However, a simple compacison with data
from exchange experiments (column 11) shows that for Bi and Pb

]

the values of Pmay and the rnumber of exchanged layers a2 of the

same order of magritudes. For Cu  the depih ol penetration calcula-
ted is much smaller than that to be expecited from the exchanze ex-~
periments. On the basls of our agssumptiong this would menn that
the distribution of the radiocelement 5(p) is highly non-uniform,
with increasing density near the metal surfaces T{ seems possible
to derive the distribution of density %(p) of the radioelement

in the metal, I[rom experiments realized in Mgood geometry" inge
tead of the autoradlorraphic techniques Although it is clear that
B(p) does not represent the true distribution of the radicelement
in the metal, it may revertheless be helpful in correlatingrthe be
havicur between the gurfaces of various metals in clectrochemical

studies, corrosion ‘nvestigation, etc..
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TABLE 1°

system

RBrng

standard
Ni
0.5 M HICL

26.7

B:ThC !

hre

A

%102

LA/ T

=
v

brd

+
31/Bi ~
0.1 M Bi

1M HI‘-TOB )

5.2

10.9

19

2.030

~850

1000

Zn/Zn+2
-

0.5 M Zn8Q,

ph=ll.2

L7

27h

O
o

1246

5.8

0el19

2020

~ 950

Pb/Pp T
0.1 M
Pbax%cawa

pH ~ 5.0

Lhz.5

Dol

318

52

10.6

7.9

0.56

1.700

~ 600

~ 1000

ca/cat?
05 M Casq,

pH = b7

Cu/Cu+2
0.5 M CuBrZ

pH = 3.t

2346

545

192

1.8

10.0

9.5

0453

1350

~550

25.0

h.5

h59

1,0

_8.& 12.8

Ce39

710

21000

Ni/NiT2
o T
05 M ML,

(ol

pI‘I = I_I.U

L8

325

.61

290

nJll_LO

M/ e
0.5 M MngQ,

259

1.2

252

65

170

N80
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mean range of ThC o -particles in the emulsion

mean renge of ThC' o -particles in the emulsion

stendard deviatlon of the ThC!

nurper of ThC! o ~bracls measured

0 -particles distribution

difference betwsen the mean range of the ThC! +tracks in
standard distribubtion and in other distributions

ratic of the stopping power of the
maximun depth of penetration in the

maximum depth of penetration in the

nunber of atomlc leayers of metal ex
solution (date from reference 2)

emulgion to that of the metal

metal in angstrons

metal in atomic layers

changed with the ions in
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