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ungssystcm  zerstbrt werden und so zu
keinen unerwi.inschten Nebeneffekten fUh-
ren kannen.

Der Dienstleistungsteilliefert  vielleicht
eine weniger spektakulare, aber umso
wichtigere  Arbeit auf del' Seite der Pro-
duktesicherheit. ~ Hier werden Analysen-
Methoden fUrneue Substanzen entwickelt
und validiert, die Vertraglichkeit der Pro-
dukte fUr das Zieltier abgekHirt, und die
Ri.ickstlinde, die bei der Applikation in
den vcrschiedenen  Geweben entstehen,
elfasst. Pharmakokinetische — Untersuchun-
gen im Tier werden auch teilweise hier

A FRIBOURG

durchgefUhrt. Diese Dienstleistungen sind
sowohl fi.ir Forschungsprojekte  als auch
fi.ir die Erstellung von Registrierungsun-
terlagen fUr Entwicklungssubstanzen  so-
wie fUr die technische Untersti.itzung von
Handelsprodukten  bestimmt.
Zusammenfassend  besitzt Ciba, und
insbesondersdie  Di vision Tiergesundheit,
mit dem CRA eine moderne, gut ausgeri.i-
stete Forschungsstation.  Der Schwerpunkt
der Aktivitaten liegt nach wie vor in der
Parasitologie.  Die Arbeiten auf diesem
Gebiet werden fortlaufend den neuen wis-
senschaftlichen  Erkenntnissen angepasst,
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Abstract.
crystals

Experimental  techniques
in the juut range, dispersed

to study the surface properties of silver halide
in gelatin,

are discussed. The adsorption of

sensitizing cyanine dyes and the properties of the adsorbed sensitizers on such silver-
halide particles are studied by various surface techniques yielding complementary

information
process.

necessary for a quantitative

Introduction

The sUl/ace of silver-halide (AgHal)
microcrystals, dispersed in gelatin (‘pho-
tographic emulsions’), plays a dominant
role in the formation of developable latent
images consisting of silver clusters which
contain only a few Ag-atoms. Afterdevel-
opment of latent images by a reducing
agent (e.g. hydroquinone), macroscopic
silver particles (‘photographic  images’)
are formed with an autocatalytic —amplifi-
cation factor of ca. 10° The quantum vyield
which determines the photolytic forma-
tion of these latent images is strongly
influenced by recombination  processes
between photoelectrons and photoholes.
Surface states playa dominant role in such
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description

of the spectral sensitization

reactions. If sensitizing dyes are present
on AgHal surfaces, the recombination cen-
tre for electrons and holes is located near
the dye chromophore. The quantitative
description of sensitizer molecules which
have been organized by the Langmuir-
Blodgett technique at the surface of evap-
orated AgHallayers has helped to under-
stand electron-hole  recombi nation [1] [2].
By extrapolation of these results to the
case of spectral sensitizers adsorbed on
AgHal microcrystal  surfaces, the quan-
tum vyield for latent image formation was
increased by modi fying the AgHal surface
in the nm range [3].

Results

The physical properties of AgHal sur-
faces on nm scales have been studied by
atomic force microscopy (AFM). Struc-
tural features like steps and terraces, dislo-
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neue Technologien werden nach Bedarf
und Maglichkeiten entwickelt odel' einge-
fi.inrt. Die Projekte auf der Seite Infekti-
onskrankheiten  stellen eine Erganzung
unserer Tatigkeit im Gebiet del' Tierge-
sundheit dar. Wie in del' Vergangenheit
sollen auch in Zukunft mit del' aktiven
Untersti.itzung des CRA Produkte gefun-
den und entwickelt werden, die den Zielen
der Division Tiergesundheit gerecht wer-
den.

Eingegangen am 6. Juli 1994

cations, epitaxial growth, and surface re-
construction  (Fig. 1) have been revealed
[4] on AgHal crystals with dimensions in
the ww range (Fig. 2). For electrostatic
reasons, the [IlI] surface of AgBr (NaCl-
type lattice) should undergo substantial
surface reconstruction, because it is com-
posed of ions of the same sign. AFM has
revealed this surface reconstruction (Fig.
1).

The topographic distribution of sur-
face ions has been characterized by sec-
ondary-ion mass spectroscopy (SIMS) in
the imaging mode (Fig. 3) using incident
Gat ions leading to very high lateral reso-
lution [5][6]. Surface heterojunctions be-
tween 1l-and B. ions in mixed AgHal
microcrystals facilitate the charge separa-
tion between photoelectrons and photo-
holes (Fig. 4). lodide ions in AgBr crystals

Fig. I. High-resollllioll ~ AFM image I!fthe recoll-
strueted [I11] .I'll/face 1'fa tahular AgBr microc-
rystal. The lilles are aliglled parallel 1w tl\'o
<1/0> directiolls I!fthe sll/.face lallice (arrows).
Period of the lines: 5.1 nm (bright spot) and 5.9
nm (weak spot). Intersection angle: 60° ( insert:
2-dim. Fourier- spectrum, 57 *4° between both
spots)
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Fig. 2. AFM Micrograph of a tabular AgBr microcrystal which also  Fig. 3. Imaging SIMS scan of the AgBrl crystal of Fig. 4. B, ion distribution:
contains an epitaxial triangular growth hill on top of the [I I IJface. The blue; 1-ion distribution: red. Increased iodide concentration in the inner

scanned area is 6.5 x 6.5 tuit. Mean surface rougness of flat areas: ca. 0.5-

2 nm.

act as hole traps. The partial replacement
of Br surface ions by 1- has been studied
[4] by photoelectron  spectroscopy (ESCA)
and AUGER electron spectroscopy using
incidentX-rays (X-AES). The ESCA-bind-
ing energy and the difference in the kinetic
energy between photoelectrons (ESCA)
and AUGER electrons (AUGER parame-
ter, Table) show that the Ag-l binding
energy depends on the concentration of
surface iodide. At surface iodide concen-
trations ~ 1.6 monolayers, a silver iodide
species with a higher binding energy be-
tween the Ag and the 1-ion than in Agl is
observed (Table). The electronegativity
of the Ag+ ion in this Ag-l species is
increased as compared with Ag+ in Agl.
Imaging SIMS [7] has revealed that sur-
face 1- is preferably formed along the
edges and corners of the cubic AgHal
microcrystals used in these experiments
(Fig. 5). After Ga-ion depth erosion, this
discrete 1-distribution disappears, which
proves that the postulated geometry along
the crystal periphery really occurs. Sur-
face 1-is a strong nucleating agent for the
formation of highly aggregated cyanine
sensitizers [7]. This was shown by diffuse
reflectance spectroscopy and by micro-
calorimetry (Fig. 6). While such coopera-
tive dye aggregates (l-aggregates) are
formed on iodide-containing ~ AgBr sur-
faces at dye coverage ~ 0.4 monolayers,
anly monomers and dimers were observed
on pure AgBr surfaces by diffuse reflect-

shell. The outer bromide-rich shell due to the deposition of pure AgBr at the

crystal surface is clearly shown. Indicated scale: 0.5 11

Fig. 4. Computer design of a thin, tabular AgBr! crystal with iodide-rich
as suggested from crystallisation conditions

inner shell and AgBr (‘ore.

Table. Silver-lodide Binding Energies for Two Different Kinds of Silver lodide Surface Species
Formed on Cubic AgBr Microcrystals of Edge-Length 0.47 pm (ESCA, X-AES)

mol-Y, iotlide unace iodide E binding \ R

added to AgBr  concentratiOn cnerg) 1311 parameter
(mon la CI) - g3 ~[e | leVI

>0.6 >1. 2511 +0.1 1137.4+0.1

50.6 516 2516+ 0.1 113 6+0.1

« urlac~ iOllill~
~pe ic~ formed

J\gl

"1 "ilh higher

Ag ICdmn~g,llIVity
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Fig. 6. llitegral he(/( of adsOlptioll of all adsorbed oxacarbocyanine
tiz.er (15% swjEICe coverage) vs. iodide concentration

AgBr microcrystals.

on AgBr crystals containing

Inserts: diffuse reflectance spectra (after Kubelka-
MUIlkcorrection) of the adsorbed sensitizer on pure AgBrcrystals
I mol-% bulk iodide (right). Only monomers
(508 nm) and a small amount of dimers (484 nm) are adsorbed on pure
AgBr, while cooperative J-aggregates absorbing at 554 nm are predomi-

sellSi-

in 0.47 pm cubic  fluoro-cyallille

(leji) and

nantly formed with 1% iodide (corresponding to an overall surface coverage

of 2.6 mono layers of Agl).

ance spectroscopy under the same condi-
tions (Fig. 6, inserts). The difference inthe
integral adsorption enthalpy between J-
aggregated and monomeric cyanine mol-
ecules is due to the dye-dye interaction
energy inthe aggregate. Langmuir-Blodg-

ett (LB) experiments [2] allow to organize
cyanine monomers into J-aggregates  at
the water surface and to calculate the work
to overcome the repulsion forces between
molecules from pressure-area isotherms.
J-Aggregation  during compression of dye
monomers  at the air-water interface was
followed by retlectance spectroscopy [2].
From such experiments, complementary

knowledge on the energetics of I-aggre-
gate formation is obtained.

The question, whether edges and cor-
ners of cubic microcrystals of pure AgBr
are also nucleating agents for sensitizer
aggregates in the absence of surface io-
dide has been answered by adsorbing a
cyanine dye (Fig. 7, formula inserted)
forming l-aggregates on pure AgBr. To
study the topographic distribution of this
adsorbed cyanine by imaging SIMS, F-
atoms had been introduced into the dye
chromophore.  Fig. 7 shows that this dye is
adsorbed along the edges and corners of

the cubic AgBrcrystal s, showing that these
are high-energy sites favorable for dye
adsorption and aggregation  (l-aggrega-
tion of this dye at 560 nm has been proved
by diffuse reflectance spectroscopy). Com-
plementary techniques like photoacoustic
spectroscopy  [8], dye-induced Jumines-
cence and ELLIPSOMETRY  have been
used [9] to characterize dye adsorption,
photochemical interactions between ex-
cited dye molecules and silver halides as
well as the optical properties and the thick-
ness of adsorbed sensitizer layers.

Discussion

Experiments as those discussed above
have also provided amore detailed under-
standing on the mechanisms of spectral
sensitization. Electron-hole recombination
occurring at theexcited sensitizer chromo-
phore could be decreased in practice by
approptiate organisation of sensitizer mol-
ecules along surface structures like steps
and terraces of atomic dimensions at AgHal
microcrystal surfaces [10]. By incorporat-
ing such surface-modified,  micro-engi-
neered AgHal crystals into color photo-

Fig. 7. Imagillg SIMS picture sholl'illg the distrihlltioll
dye (insert in Fig. 7) adsorhed at rhe swjflCe (~f cuhic
crvstals ofpure AgBr (edge length: 1.25 ~m, 80'7c surface coverage). Only
6 F-atoms are present in the dye molecule containing 80 atoms. cOITespond-
ing to ca. 7 x 106 F-atoms/~2 (assuming a homogenous distribution at the
grain surface). SIMS, however. has shown that the J-aggregated cyanine is
predominantly adsorbed along the AgBr-grain periphery (Fig. 7).
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graphic materials (/(fochrollle Classic films
used for copying color slides), the expo-
sure time of these products could be re-
duced [3] by a factor of 10 under certai n
conditions.

Received: July 6. 1994

[I1 R.Steiger, H. Hediger. P. Junod. H. Kuhn.
D. Mobius. Photo Sci. Eng. 1980.24. 185.
[2] R. Steiger. F. Zhinden. J. Imaging S6.

1988.32.64.

131 H. Rohrer, Bilmr:. 1993.4,71.

[4] H.Haefke. U.D. Schwarz. H-J. Glintherodt.
H. Frob. G. Gerth. R. Steiger. 1. Imaging
Sci. 1993.37.545.

151 R. Levi-Selti. 1. M. Chahala. Y.L.Wang.
Ulrramicroscopy 1988.24.97.

[6] T.J. Maternaghan. C.J. Falder, R. Levi-
Setti. J.M. Chabala. J. Imaging Sci. 1990.
34.58.

[7] R. Steiger. J.N. Acbischer. E. Hasclhach. 1.
Imaging Sci. 1991. 35, |I.

[8] H. Hediger. R. Steiger. J. Col/oid Illle/foce
Sci. 1985. 103.343.

[91 P.Junod. H.Hediger. B. Kilchlk. R.Steiger.
Phate. Sci. Ellg. 1979.23.266.

[10] R. Steiger. US Pat. 5.077,190: P.A. Brug-
ger. R. Steiger. US Pat. 5.141.845.



