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Role of Polyvinylpyrrolidone on Mass-Transfer Processes of AgBr and Agl
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Summary: The effect of photographically active substance, like polyvinylpyrrolidone (PVP), on
the rate of mass-transfer processes has been investigated in course of Ostwald-ripening of AgBr
and Agl. The influence of PVP is determined at the interface Pprocesses of ionic crystals in the

presence of various concentrations of PVP in the system, AgBr-

r- and Agl-ml-. Since a'very

low supersaturation lies during Ostwald-ripening therefore under these conditions very low con-
centration of substance is very effective which adsorbs on the surface of AgBr and Agl crystals
and reduces the rate of mass-transfer processes, which can be quantitatively measured by means

of radiochemical measuring technique.
Introduction

The knowledge of kinetics at the interface
processes, during crystallisation and the Ostwald-
ripening of silver halide crystals, is very important
for practical purpose, in the presence of photogra-
phically active substances. Therefore the photogra-
phical properties of AgBr suspension is affected
strongly by the applied polymer substances. Here
only those molecules are active which adsorbs on
the surface of AgBr crystals.

The quality of a sample of AgBr crystals, for
photographical application, depends mostly on the
condition of precipitation during preparation of
AgBr - dipersions.

The steps of crystallisation, like nucleation,
crystal growth, Ostwald-ripening and agglomera-
tion, are affected from the type and the concentra-
tion of given foreign substance.The action of this
substance depends on the adosrbed amount of ad-
ditive on the AgBr as well as Agl crystals and the
supersaturation in system, the lower the super-
saturation in the system, greater will be the adsorp-
tion of photographically active substances on the
surface of the crystal and hence greater will be the
action of additive on mass-transfer of ionic crystals.

A defined and relatively a very low super-
saturation lies during the Ostwald-ripening, which
is termed as physical ripening,

During the Ostwald-ripening the smaller crys-
tal goes into the solution due to their high ther-

modynamic potentials, while the larger crystal
grows further [1]. Under such conditions, a very
small amount of additive acts as a stronger retarda-
tion of mass- transfer processes, during the physi-
cal-ripening, when it is adsorbed on the surface of
silver halide crystals. Here the concentration of
substance is to be considered in connection with the
supersaturation of the system [2].

The mass transfer during the Ostwald-ripen-
ing of microcrystals of silver halide, can be quan-
titatively measured with the help of radiochemical
measurement technique [3].

The purpose of these investigations was to ex-
amine the kinetics of mass-transfer processes in
presence of various concentrations of this
photographically active substance i.c. Polyvinylpyr-
rolidone (PVP), during the Ostwald-ripening of
AgBr and Agl.

Polyvinylpyrrolidone is often used as a addi-
tive in the photographic system. It is one of the con-
stituent of Lith, PVP inhibits hydroquinone
development [4].

The applied PVP having an average
molecular weight of 25000.

Results and Discusssion

The effect of Polyvinylpyrrolidone (PVP), at
the rate of mass- transfer processes is investigated

*To whom all correspondance should be addressed.
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during the Ostwald-ripening of the following sys-
tems:-

AgBr 4132281-',
Agl + -T

Near by, at the same time a statement is ob-
tained upon the influenced rate of mass-transfer
processes in cach case of concentration region of

olyvinylpyrrolidone. Therefore the decrease of
2Br" activity of solution has been investigated, in
dependence of the time, for various concentrations
of the PVP in the solution. For this purpose a
definite sample AgBr crystals is applied to keep
constant the particle size distribution and the
pretrecatment of the crystals, because these factors
are also essential to determine the rate at the inter-
face processes.

Figure 1 represents the relative 82p,- activity
of AgBr crystals (a), in dependence of time, for
various concentrations of PVP. For the comparison,
the rate of mass- transfer is shown in the absence of
PVP (Fig. 1, curve 1). It also expresses that a
decrease in the rate of mass-transfer processes is
produced by increasing the concentration of PVP,
during Ostwald-ripening of AgBr. It has also been
noticed that the rate of exhange as well as the total
amount of AgBr decreases by increasing the con-
centration of PVP.
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The purpose of these radiochemical investiga-
tions was also to determine the amount of the ap-
plied substance, where begins a characteristic
alteration in the rate of mass-transfer. From the
relative 82Br-activity of AgBr- crystals (), the dis-
solved quantity of Br - (mpr) was calculated from
which it results that the total amount of Br” remains
constant in the solution, while the specific activity
8Br jons in the solution decreases with time.
Simultancously it was attempted to bring the repre-
sented curves of Fig. 1 in a linear dependence. For
this purpose the amount of #2Br” which is calculated
from aft curves (Fig. 1), is plotted against t> for
various concentration of PVP. (Fig. 2). Straight
lines are obtained in the time interval of 5-120
minutes, whose slope decreases with increasing
concentration of a given substance. The deviation in
the linearity in the first 5 minutes is due to the
processes, which, by the addition of ¥Br’ activity
begins the rapid heterogeneous isotopic-exchange
on the crystal surface of AgBr, fast dissolution of a
very small AgBr crystal and influencing the adsorp-
tions equilibrium of PVP. If the slope of straight
line in mp; - t 3 curves is plotted against the con-
centration of PVP then the following representation
is obtained (Fig. 3). First of all, the exponential
decrease is going to be noticed in the rate of ex-
change. By increasing the concentration of PVP,
the rate of Ostwald-ripening reaches to a saturation
value, which lies near 2mg PVP/0.5 g AgBr.

82 -
Relative "“Br activity of AyBr-crystals ( )

AgBr - 825;

1: Without Polyvinylpyrrolidone
e

2: 0.25 ng
3: 05 mg "
4: 1 ng ..
5: 5 mng L3
o w s 80 100 120
Time (min)

Fig.1: Relative 82Br'-activity of AgBr () against time in presence of various concentration of Polyvinylpyrrolidone.
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Fig.2: Calculated amount of Br2™ from @/t curves against ty3 in presence of PVP.
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Fig.3: The slope of straight lines of mp.- t curves (tyg 1) versus amount of PVP.

The measured average surface of AgBr of -
0.147m2/§, submits surface concentration of about
27 mg/m* on the crystal surface of AgBr.

It has been shown by plotting the degree of
exchange against log, exchange time t, a linear rela-
tion is obtained for the mass transfer curves. As it is
shown in Fig. 4 that this dependence is ac-
complished during the time interval of 10 to > 120
minutes.

By plotting the slope of these straight lines
against the concentration of PVP, the following
representation is obtained. (Fig. 5). A characteristic
break point is also obtained from these interpreta-
tion, which lies near 2mg PVP/0.5g AgBr.

Fig. 6 shows the degree of exchange against
the amount of PVP in the solution, for constant
time. Here by a decrease in relative 82Br" activity
has been noticed by increasing the concentration of
PVP,
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Fig.5: Slope of straight lines of t/int (tgf32) against the amount of PVP.

The appearance of these characteristics break
points are associated with the adsorption of PVP on
the surface of AgBr crystal. The surface of AgBr
crystal is only partially covered with the extremely
small amount of PVP, that means the rate of
Ostwald-ripening is only insignificantly retarded. If
a monomolecular covering of PVP is build up on
the surface of AgBr- crystal, then in connection, it

. shows a characteristic change in the rate of mass-

transfer which has been also observed experimen-
tally. Investigation to the Ostwald-ripening of AgBr
confirm this assumption in presence of gelatin.
Near by, the analytically determined value for the
adsorbed amount of gelatin was also found out by
Zimkin and Klyuchewich [6]. The affect of
temperature has been also examined at the rate of
Ostwald- ripening of AgBr, in presence of constant
quantity of PVP. By increasing the temperature, the
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Fig.6: Degree of exchange against the amount of PVP.
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Fig.7: Relative 131I'-activity of Agl(&) against time in

rate of isotopic exchange is going to increase slight-
ly. The corresponding activation energies is not
determined for the mass-transfer in presence of
foreign substances. The action of polymers additive
shows also a very interesting results in the system of
Agl-PVP- B3I §n the course of Ostwald-ripening.
The influence of PVP at the rate of Ostwald- ripen-
ing of Agl is represented in Fig.7 and Fig.8. Similar

presence of PVP,

to AgBr, PVP also retard relatively strong the
Ostwald-ripening of Agl.

A characteristic amount of PVP has been also
determined (from Fig. 8) in the system Agl-PVP
Bl which lies near 0.5 mg PVP/0.5g Agl. By plot-
ting the slope of the line, from the a/Int-diagram.
(a/Int-degree of exchange as a function of log ex-
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: Nithout Polyvinylpyrrolidone

Fig.8: Calculated amount of I', from &/t curves against P in presence of PVP.

change time t) against the mass of PVP, a charac-
teristic break point is obtained at 0.5 mg PVP/0.5g
Agl. The determined surface of Agl, i.e. 0.147m2/g,
submits a surface concentration of PVP of about
6.80 mg/mz. Figure 9 expresses the degree of ex-
change (a) at a constant time of exchange against
the amount of PVP in solution.

Hereby it is noticed that the rate of exchange
first decreases relatively fast upto 2 mg PVP/0.5 g
Agl and then attained a saturation value.

It is concluded from these experimental inves-
tigations that Polyvinylpyrrolidone, in comparison
to Agl, blocked very strongly the mass-transfer in
course of Ostwald-ripening of AgBr.

The acceleration of Physical-ripening of
AgBr- dispersion which has been proved by Zait-
sewa [7], has not been confirmed by these
radiochemical measurements in the system of
AgBr-PVP®.Br-and Agl-PVP-'I". On the con-
trary, it has been proved that the rate of mass-trans-
fer retards relatively strong by PVP in course of
physical-ripening of AgBr and Agl. The retardation
of Ostwald- ripening increases with increasing con-
centration of PVP. All the measurements are car-
ried out at pH.7, whereas a pH dependence of PVP
influence is not investigated.

In connection with the investigation of
Sugiura [8], according to which the PVP is ad-
sorbed relatively strong on the crystals of silver
halide, shows that the radiochemical results as a
well defined and reproducible results to give a
judgement on PVP- action.

The given results of Tanaka and Fujii [9], that
the cationic surface active agents can be better ad-
sorbed on AgBr rather than the anionic surfactants,
corresponds with these radiochemical investiga-
tions to the Ostwald-ripening of AgBr crystals.

A corresponding influence has been found
out in special cases, when this given surface active
agent reacting with a component of AgBr in solu-
tion, and with that, it influences the equilibrium
concentration. It has been proved that even a very
low concentration of cationic surface active agents,
retards or totally blocks, nearly in all the cases, the
rate of mass-transfer during Ostwald-ripening.
These results show clearly a connection with the
observation of Tanaka and Fujii [9]. Deposition of
surface active agent and polymer additive on the
surface of AgBr crystals, leads to a retardation of
the rate of mass-transfer during Ostwald-ripening
and crystal growth. As the crystal growth in com-
parison to Ostwald-ripening, proceeds at higher su-
persaturation in the system, therefore it requires a
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Fig.9: Degree of exchange against the amount of PVP.

corresponding high concentration of the given sub-
stance so as to prove the influence. Generally it can
be so stated that the higher is the action of given
substance, the lower will be the supersaturation in
the system. It is concluded that the action of this
polymer substance at the interface of crystals of sil-
ver halide (AgX) depends decisively upon the
strength of adsorptive deposition on the surface of

AgX.

Experimentally, it has been observed that the
mass transfer processes during Ostwald-ripening, is
slightly affected in the Bresence of PVP in the given
system, AgBr-PVP-'"WAg*. The statement by
Reber [10] that, the organic compound, which ad-
sorbs on the surface of the crystal, in the system
AgBr- , influences not so considerable the
rate of Ag mass transfer, which is also confirmed
by these given radlochemlcal measurements In this
system i.c. AgBr- -PvpP-! Ag the rate of mass-
transfer does not depends on the concentgration of
PVP. 1t concludes that in such experimental condi-
tion, the rate determining step is the self-diffusion
in the crystals rather than the mass-transfer proces-
ses in course of Ostwald-ripening [11,12].

Following conclusion has been drawn from
these radiochemical investigations that the
polyvinylpyrrolidone is strongly adsorbed on the
surface of AgBr as well as Agl crystals, through the
pyrolidone ring, which retarded relatively strong,

even in a very slight concentration, the rate of mass-
transfer in the course of Ostwald-ripening of AgBr
and Agl. Simultaneously, the optimal concentration
of this photographically active substance i.e. PVP
can also be determined through the quantitative
calculation of measured mass-transfer curves by.
means of radiochemical analyse method. It is fur-
ther concluded that with the help of this method, a
uscful statement can be obtained upon the
mechanism of mass- transfer at the interface of
ionic crystals.

Experimental

0.5 g of AgBr or Agl, 100 ml of double dis-
tilled water and a certain amount of polyvinylpyr-
rolidone (PVP) is to be put in the flask which is
then allowed to stir for a few minutes. After stirring
a definite quantity of 82Br-nuclide with a calculated
amount of KBr (133 mg Br’) is added and a
decreased in radioactivity is examined as a function
of time at a temperature of 40°C, while in the S
tem of Agl ! T, the determined quantity of I
nuclide is apphed with a given amount of inactive
K1(845mgT’).

AgBr and Agl is prepared by double jet
method at 50°C. The radioactivity is determined by
means of a radiation measuring assembly type VA-
V-100/VA-G-120 in connection with a Scintillation
probe type VA-S-980 (RFT Messelektronik Dres-
den).
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The radioactivity of the solution is measured
for the determination of the mass transfer proces-
ses in the dependence of the time.

As to prove the influence of given polymer
substances on the rate of mass-transfer during
Ostwald-ripening, the following factors such as stir-
ring rate, particle size distribution, surface proper-
ties, supersaturation of systems and pretreatment of
Ag halide crystals, must be kept constant [5]. This
can be accomplished when all the investigation has
been done from the same Ag halide sample, while
other technical parameter remains constant.
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