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Bromide Nanoparticles: Effect on the Stability
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Pseudoisocyanine (PIC) was adsorbed on colloi- particle size was very small (4°6)Amd the medium

dal silver halide nanopatrticles where it formed

aggregates (J-aggregates). The nanoparticles

were prepared using a surfactant (AOT)/n-
heptane/water microemulsion. The molecules of

pseudoisocyanine replaced the molecules of

surfactant (AOT) on the surface of the nano-
particles and caused an instability of the silver
bromide dispersion. The stability could be
improved by two methods: either by using an
adsorption inhibitor (e.g. p-xylene) or by adding
another surfactant (CTAB). The adsorption has
also been carried out at low temperature: the
stability of the particles was then improved, and
the J-aggregates are smaller®) 1998 John Wiley
& Sons, Ltd.
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1 INTRODUCTION

was different: the particles were in contact with an
organic phase and a surfactant was adsorbed on
their surface.

2 EXPERIMENTAL

The silver bromide particles were synthesized in
two microemulsion systems: AOT [bis(2-ethyl-
hexyl)sodium  sulphosuccinate]/n-heptane/water
and AOTp-xylene/water (Fig. 2§-8 The micro-
emulsions were prepared from n-heptane (Aldrich;
99+% HPLC grade), AOT (Sigma; 99%) and
aqueous solutions (using twice-distilled water) of
0.063m silver nitrate (Janssen Chimica; p.a) and
0.064m potassium bromide (Merck; Uvasol spec-
troscopy). The microemulsions were prepared with
a 0.12v solution of AOT in n-heptane and the
agueous solutions were added in order to reach a
ratio R = [H,O]/[AOT] of 3.1:1.

A 5 ml portion of the microemulsion containing
silver nitrate was poured into 5 ml of the micro-
emulsion containing potassium promide. The silver
bromide particles formed were 46iAsize. For the
dye adsorption, a I¢ M solution of PIC (Aldrich;

Cyanine dyes are used for spectral sensitization i®7%) in methanol was used. The number of PIC
the photographic industry. Many publications dealmolecules per particle on the AgBr were 14 or 21.
with the study of their adsorption and the mechan-Part of the dye solution was added to 5 ml of the
ism of their spectral sensitization (e.g. Refs. 1, 2).AOT solution. This mixture was finally added to the

However, these silver halide particles are always
I\|I+ N

synthesized in a gelatine—water medium and they
are generally in the order of Oin in size. In this
work the cyanine dye, pseudoisocyanine (Fig. 1),
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Figure 1 Molecular structure of 1,1-diethyl-2,2-cyanine
(pseudoisocyanine).
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Figure 2 TheternarymicroemulsionsystemsAOT/n-heptane/wateand AOT/p-
xylene/wate?® The areal , indicatesthe microemulsionzone.

colloidal suspensiorand stirred for 30min. Time
zerowastakenat the endof the 30 min. A Uvikon
930 UV-spectrophotometewas usedfor the UV—
visible absorptionspectra(wavelengthprecision,
0.2nm; optical path,1 cm; referencen absorbance
measurement$).12M AOT solutionin heptane).

3 RESULTS AND DISCUSSION

3.1 Stability of the particles

Many cyaninedyesform J-aggregateadsorbedn
silver halide grains.J-aggregateare characterized
by a sharpabsorptionband with a bathochromic
shift of their absorptionmaxima. Figure 3 shows
thedecreasén theabsorbancef themonomerand
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Figure 3 Variation of the J-aggregateand monomerabsor-
banceasa function of time.
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of the J-aggregatdor 21.0 moleculesof PIC per
particle adsorbedon AgBr as a function of time.
This decreasesstemmedirom the sedimentatiorof
the particles, which was also confirmed by the
aggregatesletectechy TEM.

The particleswere stabilized by the surfactant
molecules’™ If PIC is adsorbedAOT is removed
from the surfaceandthe particlesare destabilized.
The aggregatiorof the dye moleculeson the silver
halide nanoparticleslecreasedhe stability of the
particles:the aggregatesemovedthe AOT mole-
culesfrom a large areaof the particle surface.The
destabilizationwasincreasedy the growth of the
J-aggregatavith increasingime. Thisis illustrated
by the increasan the absorbancenaximumof the
J-aggregatasa function of time (Fig. 4). The size
of agivenJ—atlggregateanbededucedrom spectral

properties. ' The spectralshift for a linear and
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Figure 4 Variation of the absorbancemaximum of the J-
aggregateof PIC adsorbecbn AgBr.
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Table 1 Approximationof the averagenumberof molecules
per aggregatefor different concentrations(1) for cyclic
aggregatesind(2) for linear aggregates.

Time Amax (M) (1) )

3h 24 min 574.6 6.9 4.7
21h 45min 575.2 7.6 51
30h 43 min 576.0 8.9 5.6
47h 44 min 576.6 10.3 6.1

cyclic aggregates a function of the aggregatesize
N accordingto Egn[1] for a cyclic aggregateand
Eqgn[2] for alineargeometrywhereAvy andAv,,
are the spectralshift of N-mer and co-mer with
respect to the monomer, respectively, with
maxM) =541.2nm for the dye monomeradsorbed
on AgBr and Amaco) =580.7nm for an oco-mer
adsorbedn AgBr. The resultsare shownin Table
1. One canseethat the averagenumberincreases
with time andwith theabsorbancenaximumof the
J-aggregate.

(N — 1)/N = Avy /Avy 1]

cog(r/(N+1)] = Aw/Ave  [2]

This growthis describedasthe Ostwaldripening
of the J-aggregate¥ This process has been
explainedby the fact thatthe moleculesat theends
of the J-aggregateare less stable than the other
moleculeswhich are in the middle part of the J-

aggregateand hence the stability of the dye
moleculesincreasewith anincreasen the size of
the J-aggregateThe aggregatesan grow through
an adsorption—desorptiorsequenceof the dye
moleculeson the grainsduring ripening. If the J-
aggregatesizeis smaller,the destabilizatiorof the
particlesby the dye adsorptionwill alsobeless.

Two methodswere envisagedor the stabiliza-
tion of the particles.

3.1 Particles synthesized in the
AOT/p-xylene/water system

Whenthe adsorptionof the dye wascarriedout in
the AOT/p-xylene/water system, the amount of
adsorbeddye wasvery low. This muststemfrom
theadsorptiorof the p-xyleneon the surfaceof the
particles inhibiting the adsorption of the dye
molecules. This hypothesiswas previously sug-
gestedin a study of the preparationof silver
bromidenanoparticlesn the samemicroemulsiort:
After 30min of stirring, 5ml of p-xylene was
pouredinto 15ml of the colloidal suspensionThe
comparisorbetweenthe absorbancef the mono-
mer and of the J-aggregatewith and without p-
xylene (Fig. 5a) shows clearly the stabilization
effect of p-xylene: the absorbanceof the J-
aggregateslecreasednore slowly asa function of
time. This is a consequencef the smallersize of
the J-aggregatethe absorbancenaximumof the J-
aggregatewas lower (Fig. 5b). The competitive
adsorption between the PIC and the p-xylene
decreasedthe Ostwaldripening of the J-aggregate.
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Figure 5 () Variation of the absorbancef the J-aggregatedsorbedn
AgBr andof thedyein solution.(b) Variation of the absorbancenaximum
of the J-aggregatewith andwithout p-xylene.
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3.2 Use of CTAB

Anothermethodfor stabilizationof the particlesis
to add anothersurfactantto the AOT/n-heptane/
water microemulsion. In this experiment, the
anionic surfactant (AOT) was replaced by a
cationic one: CTAB (cetyltrimethylanmonium
bromide). CTAB is thoughtto be more adsorbed
than AOT becausef the slightly negativesurface
charge(dueto 3% exces®f KBr) onthemolecules.
CTAB was addedin a solid form to the particle
suspensiomndthe mixture was placedfor 15min
in anultrasoundbath. This indirect way of adding
CTAB hadto be usedbecausdahe AgBr particles
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synthesizeddirectly in the CTAB/hexanoI/water
microemulsionsystemwere not stable’® The dye
was adsorbedafter the exchangeof the surfactant
moleculesDifferent concentration®f CTAB have
been used ranging between1.02x 10 3m and
7.88x 10 3M. It mustbe notedthat eachconcen-
tration is sufficient to cover totally the AgBr
particles. Indeed, as the surfaceoccupiedby the
CTA™ ion is 35A% some 187 molecules of
CTAB are enoughto covertotally one particle of
46 A diameter, and a concentrationof 1.02x
103M correspondso 74 062 moleculesof CTAB
perparticle.Thevariationsof theabsorbancef the
monomerandof the J-aggregat®oth dependedn
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Figure 6 Variation of the absorbanceof the J-aggregateand of the dye in

solutionasa function of time.
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Figure 7 Variation of the absorbancemaximum of the J-aggregateas a
function of time. The different concentration®f CTAB areindicated.

the CTAB concentratlor(Flg 6). Foraconcentra-
tion of 1.02x 10 3m and2.38x 10 3w, the two
absorbancedecreasedut more slowly thanwith-
out CTAB; hencethe particleswerestabilized.For
concentrations of 3.26x 10 *M and 5.34x
103 wm, the stabilizationwas more complete;the
absorbanceof the J-aggregateincreasedat the
expense of the absorbanceof the monomer.
However, for a greater concentrationof CTAB
(7.88x 103 M, the particlesweredestabilizedthe
absorbancesf the two speciesdecreasedapidly
with time. Figure 7 shows the variation of the
absorbancemaximum of the J-aggregateas a
function of time. It is thus concludedthat CTAB
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Figure 8 Variation of the absorbanceof the J-aggregate
absorbedn AgBr andof themonomeiin solutionat —5 °C and
at20°C.
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stabilizedthe size of the J- aggregatelndeed for
CTAB concentratlonsof 2.38x 10 3Mm, 3.26x
103m and5.34x 103w, the absorbancenaxi-
mum of the J-aggregatevasnearly constant.

3.3 Influence of the temperature

Although the adsorptionof PIC was carriedout at
20°C, after30min of stirring the solutionwaskept
at—5 °C. Theamountof dyeaddeccorrespondetb
14 moleculegper AgBr particle. The absorbancef
themonomeiin solutionwaslowerat —5 °C; hence
the reactionof adsorptionis exothermic(Fig. 8).
However, the absorbanceof the J-aggregatevas
greater at —5°C, which showed that the low
temperaturestabilizedthe particles. The variation
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Figure 9 Variation of the absorbancemaximum of the J-

aggregateat 20°C andat —5 °C.
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of the absorbancat low temperaturds discontin-
uous:this breakpoint maybeindicatedthe begin-
ning of sedimentationThe J-aggregatgvassmaller
at low temperaturgFig. 9): the absorbancenaxi-
mum of the J-aggregatevaslower. It canthusbe
concluded that the Ostwald ripening of the J-
aggregatesvasdisfavouredat low temperaturé?

4 CONCLUSIONS

The adsorptionof pseudoisocyaninen colloidal

silverbromidenanoparticlesausesninstability of

the particles. Two methodshavebeenfoundfor the
stabilizationof the particles:the useof p-xyleneas
an adsorptioninhibitor andthe addition of CTAB,

which decreasetherateof dye adsorptionin both
casesthe J-aggregatesize is smaller; this factor
explainstheimprovedstabilizationof the particles.
Carrying out the reactionat low temperaturealso
hasa stabilizationeffect: the Ostwaldripening of

the J-aggregateis disfavoured.
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