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Aqueous solutions of colloidal nickel:
radiation-chemical preparation, absorption spectra, and properties
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Radiation-chemical reduction of Ni?* ions in aqueous sotutions of Ni(ClO,), containing
sodium formate or isopropyl afcohot was studied. v-trradiation of deasrated solutions in the
presence of polvethyleneimine, polvacrylate, or polvvinyl sulfate gives stable metal sols
containing spherical particles 2—4 nm i diameter. The optical absorption spectra of nickel
nanopariicles exhibit a band with a maximum at 2153 nm (sy;5 = 4.7 - 10° L mol™  em™)
and a shoulder at 350 am. A mechanism for the radiation-chemical reduction of Ni2™ ions by
hvdrated zlectrons und organic radicals (CO, 7 radical anions in the case of HCOONa and
Me,C "OH radicals in the case of PrOH). The redox potentials of the Ni?*;Ni¥ and Ni/Ni¥
pairs {Ni? s a nicke! atom) are approximately —=2.2 and — 1.7 V. respectively. The nanoparticles
are readily oxidized by 0., H,0,, and other oxidants. The reactions of these spacies with silver
ions vield reiatively stable nanoaggregates containing both nickel and silver in addition 1o silver

nanoparticies.
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Previously, 2 it was reported that y-irradiation of
deaerated aqueous solutions of nickel salts containing
Pr'OH or HCOGONa additives results in the formation of
colloidal nickel. The addition of polyvinyl alcohol 1o the
solution stabilizes metal sols. tn the presence of PrrOH,
the efficiency of radiation-chemical reduction of nickel
wons is very low (the radiation yield is only 0.3 nickel
atom per 100 eV of absorbed cnergy) and the size of the
artsing metal particies is 10—20 nm.! When the alcohol
is replaced by HCOONa, the vield increases to about
1.02. 1t was ulso found that colloidal nickel in agueous
solutions can be oxidized by oxygen and can reduce
some dyes.

Optical spectroscopy is widely used to study the
nature and properties of metallic nanosized aggregates in
aqueous solutions. The optical absorption of nicke! sols
in water was calculated in terms of the Mic theory; it
was tound that spherical metal particles with a diameter
of 10 nm should display an absorption band having a
maximum at ~220 nm and smoothly declining right up
to 900 nm.3

in the present study, we obtained stable sojutions of
nanometer nickel particles using various stabilizing addi-
tives {polyethylencimine. polvacrylate, and polyvinyi sul-
fate). measured the optical absorption spectra of collot-
dal solutions, and studied some reactions involving
uitrasmall nickel particies.

Experimental

Chemically pure grade Ni(CiOy), and HCOONa and Aldrich
polvvinyvi sulfate. sodium polyacrylate (molecular weight 2000

1o 5000), and polyethyleneimine (molecular weight 3000} were
used. The concentrations of polymers in solutions were ¢x-
pressed in moles of monomer units. Solutions were prepared
using triply distilled water and deaerated in a high vacuum prior
1o irradiation. Irradiation was performed using a %Co source in
special glass vessels equipped with a quarntz cell for optical
measurements. The volume of solutions exposed to radiation
was usually 10 mL.

Exposure of agucous solutions containing sodtum formate
to y-radtation atfords hydrated clectrons (e, and CO, 7
rudical anions with high reduction potentials (2.9 and —1.9 V,
respectively).

HO —im @7, (2.7) + H' (0.5) + OH (2.9) +

F My (0.5) = Hy0y (0.7) + H™ (2.7) i

HCOO™ + "OH {H) ——= CO, ™ + Hp0 {Ha) (2)

The values in parentheses in the first reaction are the
radiation-chemical yields of the corresponding radiolvsis prod-
ucts. The yield of electrons was 2.7 und the vield of the CO,"~
radical anions was ~3.4 particles per 100 ¢V of absorbed energy.
white the H and OH~ species were completely scavenged by
HCOO™ ions. When the Co® v-radiation dose rate used was
0.5 kGv h™!, ~2.2-107% mol L™V of hydrated electrons and
28-107¢ mol L~} of CO, ~ radical anions were generated in
aqueous solution upon irradiation for | min,

Samples for electron microscopy were prepared by placing a
drop of the solution under study onto a copper—carbon grid.
which was then dried under argon. A Phithips EM-30 electron
microscope was used. The amount of nickel atoms reduced 10
the metal was determined using the reaction of nickel sols with
dimethy!-4.4 " -bipyridine {methylviologen MV3T) by a proce-
dure reported previously.3 For this purpose, a 0.1 M solution of
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NaOH (1 mLl) and a 1077 M solution of MV:™ (2 mbL) were
added successively to a solution 1o be anatyzed (10 mi). The
concentration of the MV ™7 lons formed was determined by
spectrophotometry based on the intensity of the absorption bund
with a maximum at 600 nm (. = 11103 Lmot™ em™) 8

Results and Discussion

Formation of nickel sols. v-lrradiation of deaerated
(2 1079=5- 1077 mol L™!) solutions of Ni(ClQy), con-
taining (1073 —1077) mol L ! of HCOONa and a stabi-
lizing additive (polyethyleneimine. polyvinyl alcohol,
polvacrylate, or polyvinyl sulfate) results in the reduc-
tion of Ni2* ions to the metal. The solution remains
transparent. In the case of large absorbed doses and
concentrated solutions, the solution becomes yellowish.
According to the electron microscopy data (Fig. ).
wolated spherical particles of metalhe nickel 2—4 nmin
diameter with a narrow size distribution are formed

Fig. 1. (o) Electron micrographs of the nickel particles fornted
upon y-irradiation of a solution containing 1 - 107 mol L7 of
Ni(C10,), 51073 mol L™} of HCQONa, and 2+ 1074 mol L
of polyethylencimine. (4) The same. with higher resolution. (¢)
After the addition of 2+ 107 mol L™ of AgC10,. Absorbed dose
rate 0.5 kGy h™l. irradiation time | h.

under these conditions. In the presence of polyvinyl
alcohol. 15—20-nm parucles are formed. The solutions
of colloidal nicke] containing the stabilizing additives are
stable over infinitely long periods.

Colloidal nickel is also formed upon v-irradiation of
solutions containing no stabilizing additives. However,
in this case. as in the presence of polyvinyl alcohol,
particles 10—20 nm in diameter are produced. When the
nickel ions have not been completely reduced, the solu-
tion of cotloidal metal remains stable over a period of
24 h. After several days, the solution becomes turbid and
shows the Tyndall effect: fater, a metal deposit is tarmed
on the vessel walls and bottom.

Optical absorption spectrum of nickel nanoparticles.
The absorption spectrum (Fig. 2) of a solution contain-
ing 1+ 1079 mol L™ of Ni(CiQy)5. 3-1077 mol L™} of
HCOONa, and 2- 107 mot L™ of polvethylencimine
exhibits a weak absorption band at 2 < 250 nm. due to
HCOO™ and polyethvleneimine. Upon y-irradiation of
the solution, absorption without clear-cut maxtma ap-
pears in the optical region of 200—900 nm, declining
smoothly toward longer wavelengths (see Fig. 2). As the
time of v-irradiation (absorbed dose) increases, the ab-
sorption intensity increases, while the spectral pattern
rematns the same, and after ~90—120 min, a constant
intensity is attained, which is related to the complete
reduction of the nickel ions in the solution. Figure 3
shows the absorption spectrum of a nickel sol, which
represents the difference between the spectra of irradi-
ated and nonirradiated solutions with allowance made
tor the concentration of jons present in the irradiated
solution (2 1074 mol L™ of NaClQ,, 2- 107 mol L7
of polycthyleneimine. and 4.7-1073 mol L~! of
HCOONa) and for the concentration of itons having
disappeared during irradiation (3-107% mol L' of
HCOONa). {t should be noted that the major contribu-
tion to the optical absorption of the initial solution is
made by polyethyleneimine, whereas the change in the
concentration of the formate ions is not a crucial factor
in the "differential” determination of the optical spec-
trum of colloidal nickel, which is shown in Fig. 3 as the
variation of the extinction coefficient (¢) vs. wavelength.
It can be seen in Fig. 3 that the absorption of nickel sols
has a maximum at 213+3 nm and the exiinction coeffi-
cient at this wavelength is (4.8320.4)- 105 L mol™! em™
per metal atom. In addition, a feebly defined shoulder at
~330 nm is present. Using the Mie theory,” we calcu-
lated the absorption spectrum for nickel sols consisting
of spherical particles 10 nm in diameter. The experimen-
tal data for the dependence of the dielectric losses of the
metal on the light wavelength® and the refraction index
of water (1.33) were used in the calculations. The result-
ing optical characteristics of nickel sols in water (a
maximum at 215 nm, a shoulder at 330 nm, and ¢ =
46103 L mol™! ¢m™) are in satisfactory agreement
with the results of calculations? and virually coincide
with experimental data {see Fig. 3). However, the ex-
penmental spectrum was found to be broader than the
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Fig. 2. Absorption spectra of a solution containing
11074 mol L™} of Ni(ClOy)s. 3-1077 moi L™* of HCOONa,
and 2+ 1079 mol L™ of polyethyieneimime for y-irradiation time
of 0 (). 30 (2), 60 (3). 90 (H), and 120 (3 min. Absorbed dose
rate 0.5 KGy h™'. Ieradiation for | nuia gives 2.2 107% mol L™¢
of hydrated electrons (¢,,”) and 2.8 107" mol L7! of CO,y* 7
radical anions

theoretical one. This can be due to the fact that particles
with a broad size distribution are formed 1n experiments
and also to the fact that the theory does not take into
account the state of the particie surface and their elec-
tromagnetic interactions.

- 1070 mot™ em™!

0

200 400 600 SU0 A/nm

Fig. 3. Optical absorption spectra of nickel nanoparticles in
water, experimental ¢ /y and culculuted by the Mie theory (2%

The use of other stabtlizing additives {polyvinyl alco-
hol, polyvacrylate or polyvinyl sulfate) instead of
polycthyleneimine virtually does not influence the accu-
mulation of nickel sols. their properties, or optical char-
acteristics. The change of the molecular mass of
polvacryiate from 2000 to 3000 does not influence the
process of formation or the size of nickel nanaparticles
cither. This is exemplified in Fig. 4, which shows the
optical spectra of sols measured by the "differential”
method after complete reduction of nickel ions in a
I +107% mol L~} solution of Ni(CiO,), containing
51073 mol L™7 of HCOONa and various stabilizing
additives.

Colloidal nickel is also formed if ajiphatic alcohois
are used instead of formate jons. This requires longer
y-irradiation and the metal evolution is preceded by an
induction period. The best results are attained on the
addition of Pr'OH. However, in this case, too. the
degree of reduction of Ni?¥ ions in a 1+ 107 mol L™}
solution does not exceed 23% for irradiation time
of 90 min.

The properties of nickel nanoparticles in aqueous
solutions. The introduction of air into a solution of
colloidal nickel results in its oxidation and in the loss of
the sol spectrum. The standard reduction potential
EO(NIM /Niggp50) -0.25 V.2 The potential of the
EO(Ni*"/ Ni?) pair (where Ni¥ is a nickel atom) can be
calculated from this value by subtracting the energy of
atomization of nickel in the gas phase (3.95 eV%). In
calculations. we did not take into account the energy of
possible solvation of Ni atoms in water, which s ex-
pected to be close 1o zero. This gave EY(NiT*/ NiY) =
—2.2 V. This means that the reduction potential of Ni
atoms is substantially more negative than that of the bulk
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Fig. 4. Optical absorption spectra (D) of nickel nanoparticies in
an aqueous solution stabilized by polyacrylate (/), polyvinyl
sulfate (2, or polyviny! aicohol (3).

»/nm
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metal. This suggests that the reducing capacity of colloi-
dal nickel would be more pronounced than that of bulk
Ni. Indeed. unlike the bulk metal, nickel collods are
rapidly oxidized by oxygen or air and reduce some dyes.?
We have found that they atso react with H20, and other
oxidants.

Nickel sols do not reduce MV2T cations in neutral
solutions.2 However, we found that this process does
occur slowly in alkaline media. The overall reaction

NI? + 2 MVZT e N2 = 2 MV )
vields the MV 7 radical cations, responsible for
an intense absorption band with g, = 600 nm

{(Fig. 3). The known extinction coefficient of MV™7
(1.1-10% L mol™! cm™" and the reaction stoichiometry
can be used to determine the concentration of Ni atoms
arising upon the radiation-induced chemical reduction
of nickel ions. This. in turn, provides the possibifity of
calculating the extinction coefticient for the optical
absorption of the sols by an independent method. It was
found that three davs after the introduction of MV2™ in
a solution of colloidal nickel stabilized by poly-
cthyleneimine or by another additive, the concentration
of the MV "% jons reached practically ¢ constant value,
i.e.. collodal nickel was completely consumed in the
reaction with MV27. The extinction coefficient of nickel
sols cafculated by the above-described procedure was
g5 = 4.6 103 L mot~ ! em™! (10%). which is in good
agreement with the g5y value that we found previously
and with the value ¢alculated in terms of the Mie theory.

Silver 1ons are reduced by colloidal nicke!l to give
colloidal silver particies. As in the case of MVI* the
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Fig. 3. Appearance of the absorption of the MV™7 radical
cations after addition of methylviologen MVI™ (o a solution
containing 1+ 107% mol L=} of NitClOy),. 5-107F mol L™ of
HCOONa, and 2+ 1079 mol L™! of polvacrylate y-irradiated for
60 min, atter 2 (/). 5 (2). 20 (3. 60 (&, and 120 (5) min. For
irradiation conditions, see Fig. 2.

reaction occurs slowly. As this takes place. the typical
absorption band of silver sols in the optical spectrum
(Fig. 6) becomes mare intense and narrows down. while
the absorption maximum shifts from 420 to 390 nm.
Electron microscopy studies showed that the smallest
nickel particles arc the first to disappear, while larger
particles are shown to form mixed aggregates, which are
contact pairs containing both silver and nickel (see
Fig. 1. ¢). The displacement of the absorption band of
colloidal silver at an initial stage of its formation in the
reaction of nickel sols with silver ions may be due to the
formation of silver—nickel aggregates. In these aggre-
gates free electrons are shified from silver to nickel to
induce displacement of the absorption band to longer
wavelengths with respect to that in "pure” silver sols.
Similar optical effects are observed upon adsorption of
some compounds or metal ions on the surtace of silver
particles, which also change the electron density and
shift the Fermi level 1 The content of silver—nickel
aggregates decreases with tme and the vielded sols.
which consist only of silver, are responsible for the band
with 2 maximum at 390 nm. Methods for the synthesis
of bi- and polymetallic particles have been developed
previously. 1113 These particles have an onion-type struc-
ture in which a core formed by a single metal 15 coated
by layers of less noble metals. The solution contains only
metal jons that constitute the "mande” of this purticie.
In this particular case, the particle consists of two metals
having a common contact boundary. The standard po-
tentials of the metals forming this electrochemical
contact pair are substantiaily different (recall that
NI /Nigig) = 025 V oand ENAg™/Agig)

0.799 V) and the solution contains plenty of both metal
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Fig. 6. Appearance of the absorption of silver sols after addition
of 3-107* mol L™" of AgClOy to a solution of colloidal nickel
after 2 €0, 35 (2, 30 (F). and 120 min (4. The colimidal nickel
was prepared by v-irradiation for 60 min of a solution containing
11074 mol L™ of NitCiOy),, 5+ 1072 mot L' of HCOONA.
and 2+ 1074 mol L™ of polyacrylate. For irradiation conditions.
see Fig. 2.
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ions. To the best of our knowledge. this is the first
experimental detection of such an ultrasmall mixed metal
particle. which is thermodynamically unstable but, none-
theless, has a fairly Jong lifetime in aqueous solutions.

Mechanism of radiation-induced chemical reduction
of Ni2* jons and the formation of metal nanoparticles.
Figure 7 shows the variation of the concentration of
colloidal nickel formed upon v-irradiation of agueous
solutions of Ni(ClQy), containing tormate ions as a
function of the irradwstion time (absorbed dose). The
concentration was determined by the optical method
from the known extinction coefficient of nickel sols and
was also measured analytically using the reaction of the
sols with MV2*. It was found that in the presence of
HCOONa and a swabilizer, the intensity of the optical
band of nickel sols increases with an inc¢rease in the
absorbed dose and the concentrations of the reduced
metal found in two independent measurerments are vir-
wally equal. The nature of the stabilizer used almost
does not influence the sol-formation process. In the
inttial accumulation section, the plot is linear. The
calculated radiation vyield is ~2.1+0.2 Ni atoms per
100 eV of absorbed energy, which implies reduction of
Ni?* ions with 4.21+0.4 reducing species, either hydrared
electrons or CO, "7 radical amons, whose total yield is
6.1. The difference between these vields 1S apparently
due 10 the fact that some of the Nji atoms tormed are
oxidized again with H,0,. which also arises upon radi-
olysis of water and aqueous solutions. If Ni®™ ions
accept all the reduced radicals and nickel re-oxidauon
mvolves H,05, 1t should be expected that G(Nit) =
0.51G(e,y ) = GCOH) + GH™) = 2G(H05)] = 24 Ni
atoms per 100 eV, The yield found 1in experiments is
close to the expected value. An increase in the content
of nickel ions in the solution from 1-107* mol L™} 10
5-1073 mol L™! has no significant influence on the
G(NY) value found from the initial section of the plot
for the concentration vs irradiation dose. Thus the pres-
ence of even |- 107 mol L™} of Ni?* jons is sufficient
for virtually complete trapping of the hydrated electrons
or CO,"~ radical anions resulting from y-irradiation.
The proportion of these radicals participating in the
reduction decreases with an increase in the dose. which
is due to the decrease in the concentration ot Ni* jons
in the solution and to the prevalence of other reactions
resulting in the consumption of radicals {e.g.. recombi-
nation). The steady state, which corresponds to almost
complete reduction of 1-10™ mol L7} of NiZ¥ in a
solution, 1s attained for an absorbed dose equal to
~6-107% mol L' (¢, + CO; 7). ie. for a dose =3
times as great as that required by stoichiometry if e~
and CO, 7~ are regarded as single-electron reducing
agenis for the Ni*" ions. Further increase in the ab-
sorbed dose by a large factor does not cause a noticeable
change in the absorption spectra or in the stability of
nickel sols.

The reduction of nickel in aqueous solutions con-
taining PrOH instead of formate ions occurs in a ditfer-

[N} 10%/mol L}

1ok o] !
D/O"’_O'
»
o ]
© o2
st .
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Fig. 7. Variation of the concentration of reducéd nickel vs. fime
of y-irradiation of a 1+107% mot- L7 solution of NiCl0y),
comaining 2-107* mol- L™ of a stabilizer ((/) polvethylene-
imine, (2) polvacrylate., and (J3) polyvinyl alcohol) and
5-1073 mol-L™! of HCOONa (1) or 0.1 mol-L™! of PrOH
(). For irradiation conditions, see Fig. 2.

ent way. As can be seen in Fig. 7, the formation of the
metal i1s preceded by a long induction period and the
subsequent accumulation occurs much more slowly.
These specific features of the reduction process may
point to an autocatalytic mechanism of reduction of the
metal jons, which has been established and studied in
our previous work for cobait ions.™ According to this
mechanism, metal particles accelerate those reduction
reactions that cannot proceed in the solution bulk for
thermodynamic reasons. This mechanism, as applied to
the reduction of Ni2™ jons in solutions containing PrOH,
1s discussed in detail below.

A specific feature of the radiation-chemical reduc-
tion of Ni*T jons is the stepwise course of the process.
whose first step affords unstable, short-lived Ni* ions.
To understand the mechanism of reduction of NiZ* ions
to the metal, it is necessary 1o know the potentials of the
Ni2*/Ni* and Ni*/NiV pairs. The standard potential of
the former pair was calculated theoretically to be
~2.7 V.15 This value is confirmed by the fact that NiZ~
ions can be reduced only by hydrated electrons
(E°= =29 V), not by H atoms (£ = =24 V) or CO, "~
radical anions (0 = —1.9 V).16.17 The potential of the
Ni*/Ni? pair can be calculated from the equation

EOONGT /Ny = 2 BN /NG — FYONGEY NG,

it is equal to =1.7 V.
Thus, the Ni?™ ions are reduced only vig the reaction

€3q + NiZ¥ —= Ni~, (4

the rate constant for which is very high (1.6-10'¢
L mol~! s~ 18
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The rate of consumption of Ni* ions is known!® 10
foltow second-order kinctics. The following reactions
can be suggested:

Nit+ N — N9+ N2 (3)

COp'~ ~ Ni¥ —= Ni% + CO,. (6)

Indeed, disproportionation of Ni™ ions and the reac-
tion of Ni™ jons with the CO; 7 radical anions are
thermodynamically favorable. However, the vield of Ni
atoms close to the limiting value indicates that virtually
all the hydrated electrons and CO,™ 7 radical anions are
consumed to reduce Ni2* jons. This, in turn, implies
that the reaction of CO, ™~ with Ni* is preferred. With a
rate constant of 6.6+ 10% L mot™' 571,18 it provides high
cfficiency of reduction of nickel ions in aqueous solu-
tions in the presence of formate ions.

The standard potential of the Me,C OH radical
(—1.4 V)4 is insufficient for reduction of not only NiZ*
but also Ni* ions. Unlike the CO; 7 radical anion, the
Me,C OH radical oxidizes Ni7 ions vig the intermedi-
ate formation of an organonickel complex®:

Me,C OH + Nit ——= [Me,COH " Ni] *, (N

[Me,COH- NIl '™ + HO ——
—— Me,CHOH + Ni?” + OH . (5)

The rate constant for the former reaction, accord-
mg to the data published previously,'® is 1.3-10"
L mol~! 7!, while the subsequent hydrolysis takes place
over a period of | 5. Thus. the presence of PrOH does
not facilitate the reduction of NiZt ions; however, pro-
longed irradiation gives rise 1o metal particles, which
then catalyze the reduction of NiZ* jons by the autocata-
lytic mechanism. The metal particles may arise in the
disproportionation of the NiT™ ions, resulting from the
reduction of Ni?* ions by hydrated electrons. The cata-
Ivtic action of these metal particles, which act as seeds
for the reduction, is due to an electrochemical mecha-
nism involving the trans{er of ctectrons from the reduc-
ing radical to the metal sol. As a consequence, the metal
sol is charged to a potential required for the reduction to
occur. This process can be conventionally represented as
follows:

(Ni), + 2m (Me,C OH) —
——= (Ni),27" + 2m Me,CO + 2m H*, (%)

(Ni),27" + m Ni2~ ——= (Ni},.m- (10

The nature of the intermediate species preceding the
formation of colloidal nickel is unknown. However, the
generaiity of this type of processes for metals!? suggests
the intermediate formation of clusters of different com-
plexity, which coalesce to give ultimately nickel sols.
The successive growth of clusters is accompanied by a
decrease in their chemical potential, which makes nickel
nucleation thermodynamically favorable. The intermedi-
ate short-lived nickel clusters are not detected by pulse

radiolysis. 1% due cither to absorption in the UV region or
to a low exttnction coefficient.

Radiation stability of nickel nanoparticles in aqueous
solutions. In aqueous solutions containing stabilizers,
nicke) sols exhibit high stability against ionizing radia-
tion. An absorbed dosc exceeding that required for the
complete reduction of Ni™ jons in solution at least
tenfold does not induce coagulation of the sols. How-
ever. in the absence of stabilizers, nickel sols are un-
stable. 1t was found that ina 1+ 107 mol L™ solution of
Ni*T ions {(containing HCOONa to trap "OH radicals
and H atoms), the initial part of the dose accumulation
curve for nickel sols coincides with the corresponding
part of the curve for the same solution containing a
stabilizer. However. in the region of large absorbed doses
corresponding to the formation of approximately
6-107* mol L71 of (e,q” + CO," ), fast coagulation of
metal sols starts. This can also be recognized in a
noticeable change in thetr absorption spectrum, which
points to enlargement and coalecence of particles. The
spectrum is markedly broadened; its intensity in the UV
region decreases, while that in the visible region in-
creases. Determination of nickel concentration using
MV2* shows that this dose is sufficient for the complcte
reduction of Ni?™ ions. Previously,2 we studied the
influence of ionizing radiation (accelerated electrons
and %Co y-ravs) on the stability of cotloidal solutions of
some metals (Ag. Cd, Co, erc.). In the absence of
stabilizers, the stability is determined by the electrostatic
factor, which ensures a decrease in the surface tension
due to the formation of the double electric layer on the
surface particles. The critical dose for the stability of
nickel sols corresponds to the reduction of the Ni* ions
adsorbed thereon. which determine their electric poten-
tial. The double electric laver is destroyed and the
stability is thus lost. The "radiation” coagulation is simi-
lar to the neutralization coagulation known in cofloidal
chemistry, which is related to the absorption of ions
whose charge has the same sign as that of the counter-
ions of the double electric laver. Having entered the
adsorption layer, these ions sharply decrease the electric
potential, which results in a loss of stability by the
colloidal system. A specific feature of “radiation” neu-
tralization 1s that the decrease in the potential of the
nickel sol is caused by the delivery of the electrons
generated by ionizing radiation.

In the presence of stabilizers, solvation layers are
formed on the surface of colloids. When particles ap-
proach one another. these lavers overlap. and the 0s-
motic pressure increases; hence, the repulsion pressure
also increases. thus decreasing the ability of systems to
coagulate. In this casc. the double electric layver does not
plav a crucial role. This accounts for the observed
difference between the radiation stabilities of nickel sols
with and without stabilizers.

The author is grateful 1o N. L. Sukhov for assistance
in the calculations of the absorption spectra of nickel
sols in water.
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