
TABLE 1. Character is t ics of Synthesized Latexes 

Polymeriza­
tion system 

"W.A 101 

H,OV kg NM 
Kg-10' 

Electro 
lyte kmoles/m3 

Sl/R,Mn,OH 

ST/R,,Mn,OH 

ST;R,,Mn,OH 

ST/R,,Mn,OH 

ST/R,,Mn,OH 

VJviR^Mr^OH 

4"c PVA 

1290 
1230 
1240 
1200 
1380 
1110 
1050 

1200 
1200 
1200 

1420 
1200 
1260 
1290 
1050 
1460 
1460 
1470 

1.36 
0.75 
0,61 
1.63 
0.55 
0.47 
1.76 

0,71 
0.51 
1.89 

0.76 
0.55 
2.02 
1.02 
0.68 
18.21 
13.46 
8.65 

272 
168 
130 
241 
109 
57 

195 

100 
76 

210 

114 
61 
198 
129 
80 

412 
403 
.150 

1.03 
0.55 
0,39 
0.96 
0,28 
0.17 
0,85 

0.30 
0,22 
0.78 

0.28 
0.17 
0.67 
0.36 
0.23 
1.86 
1.64 
1.26 

14.62 
15.10 
17.32 
17,28 
19,99 
28.13 
19,48 

22.27 
21.81 
21,20 

23.75 
28.31 
24,65 
23.17 
24.18 
\1.60 
14.84 
12.5 3 

N«,SO. 

if! 

Na, SO, 

NaCI 
Na,SO, 
Na,PO, 
Na.SO. 

NaCI 
Na,SO, 
Na,PO, 
BaCl, 
AlCI, 

4,87 
5,03 
5.77 
5.76 
6.66 
9.38 
9,74 
6 49 
4.87 
7.42 
7.27 
10.60 
7,07 
5.30 
7.92 
9.44 
8,22 
7,72 
8.06 
5.87 
4.95 
6.27 
4.18 
3.13 
4.18 
3.13 

Notes. R) Hydrocarbon radical; M) maleic acid residue 

n) ethoxy group; ST) styrene; VA) vinyl acetate; PVA) polyvinyl 
alcohol. 

nonionogenic groups are stable. However, at distances greater than twice the thickness 
of the hydrate shells, the energy of attraction prevails (Fig. 3), as a result of which 
the particles can be fixed in the secondary potential minimum. 

The introduction of comparatively small amounts of electrolytes (Fig. 2) somewhat lowers 
the potential energy of repulsion of the hydrate shells; however, it still exceeds the energy 
of attraction by three to four orders of magnitude, so that the dispersions remain in a 
stable state. Only under the action of heating or additions of large quantities of electro­
lytes is there an impairment of the stability and a coagulation of the dispersions stabilized 
by unsaturated nonionogenic surfactants. From the condition that in the case of rapid coagu­
lation 0d = 0, we can predict the critical concentration of the coagulant: 

MeWn 

where K$ is the stability constant; cc is the critical concentration of the coagulant. 

The results of the calculation of the stability constants Ks of dispersions stabilized 
according to a solvate mechanism are presented in Table 1. The critical electrolyte con­
centration can be considered as the threshold of rapid coagulation for dispersions with 
this type of stabilization. We should mention that the coagulation thresholds found are 
many times (10-30) greater than the threshold of coagulation of colloidal systems stabilized 
by ionogenic surfactants in the presence of a significantly smaller content of the emulsifier 
[1]. 

As can be seen from the data presented in Table 1, the stability constant depends on 
the nature of the stabilizer, in particular, on the length of the hydrocarbon radical. The 
greatest stability is exhibited by dispersions stabilized by hexadecyl diethoxymaleate. 
A comparison of the data of viscosimetric measurements and investigations of the stability of 
latexes [5, 12] confirm these conclusions (Fig. 4). 
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Comparing the stability constants for the latexes synthesized and those stabilized by 
OP-10 or PVA ]12], widely used in industry, we can note that the attachment of nonionogenic 
groups to the surface of the particles by chemical localization increases the effectiveness 
of their stabilizing action. 
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ONE MECHANISM OF THE CHANGE IN THE CHARGE OF A DROP 

IN AN ATMOSPHERE OF INERT GASES 

A. K. Shchekin UDC 537.241/242:541.182.3 

A theoretical model describing the loss of an electric charge by a charged drop 
evaporating in an inert-gas atmosphere is suggested. This model is characterized 
by a consideration of the presence of metastable atoms of the inert gas, upon col­
lisions of which the vapor molecules may ionize (Penning ionization). Subse­
quent capture by the drop of ions primarily of opposite sign leads to discharge 
of the drop. Within the framework of the Fuchs method of joining ionic and mol­
ecular fluxes while taking into account the role of the image forces, the de­
pendence of the rate of loss of charge by the drop and the rate of evaporation 
of the drop on the charge of the drop and gas pressure within the entire range 
of Knudsen numbers was investigated. 

In experimental investigations of the processes of condensation of a super-saturated 
vapor onto a drop, usually inert gases are used as the passive noncondensing gas, in the 
atmosphere of which condensation or evaporation of the investigated substance occurs. This 
is a procedure used both in studying nucleation processes using a diffusion chamber or Wilson 
chamber and in observing individual drops in electrodynamic balance (current balance) setups. 
In this work we turn our attention to one circumstance characteristic of inert-gas atoms; the 
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presence of long-lived raetastable states with energies that take values from M O to ̂ 20 
eV for atoms of different inert gases. This characteristic of inert gases permits obser­
vation of the ionization of atoms or molecules of the investigated vapor during their col­
lisions with an atom of an inert gas in a metastable state (Penning ionization [1, 2]). 
Since the energy of the metastable 21S and 23S states of the helium atom is especially great 
and higher than the ionization potential of the overwhelming majority of substances (the 
singlet 21S possesses an energy of 20.61 eV and an average lifetime 0.03 sec; the triplet 
23S is characterized by an energy 19.82 eV and an average liftime 6-105 sec), Penning 
ionization in helium can occur for virtually all the investigated vapors. The indicated 
property of helium is now finding use in ionization detectors in gas chromatography [3, 
A ] . 

Consideration of Penning ionization in the interpretation of the experimental data on 
nucleation on ions and data on the evaporation and condensation of surface-charged drops 
is essential if maintenance of a high concentration of inert gas atoms in a metastable state 
is possible under the experimental conditions. These metastable atoms, possessing high 
mobility and being electrically neutral, always prove to be in the active zone of nucleation 
in a diffusion chamber or in a Wilson chamber on account of thermal movement. Thus, despite 
the procedure providing for ions of only one sign in the nucleation zone, usually used in 
investigations of nucleation on ions, ions of both signs appear there as a result of colli­
sion of vapor molecules with metastable atoms. Under these conditions the experimental 
data may not show asymmetry of nucleation with respect to the sign of the charges of the 
ions, which apparently was also observed in the experiments of Rabeony and Mirabel [5] on 
the investigation of the "sign preference" of nucleation of vapors of polar liquids on ions. 

For electrodynamic balance devices, Penning ionization can lead to the appearance of 
free ions around the evaporating drop, which may then be captured by the drop. Thus, the 
charge of the drop will decrease with the passage of time. 

In this work we suggest a theoretical model describing the loss of electrical charge 
as a result of Penning ionization of a drop evaporating in an atmosphere of helium. It 
is suggested that the excitation of metastable states of helium atoms can occur either in 
the region of the electrodynamic balance setup near the electrode or uniformly through the 
entire volume of the working chamber under the influence of an external radioactive source, 
so that the concentration of metastable atoms close to the drop is kept constant. 

For an analysis of the rate of change of the charge of the drop as a function of the 
gas pressure at arbitrary Knudsen numbers, let us use the well known method of N. A. Fuchs 
[6, 7 ] . Let us surround a drop of radius a with an imaginary sphere of radius a + A, where 
A is of the order of the length of the free path of the ions, which is a theoretical param­
eter. Henceforth we shall consider the problem of a spherically symmetrical drop with 
the origin of the coordinates in the center. 

The number of ions entering a sphere of radius a + A in a unit time, assuming Maxwell 
distribution of the ions according to velocities, is equal to ir(a + A)2CjN(a + A ) , where 

c, = v is the average Maxwell velocity of the ions; N(a + A) is the ion concentration 

in the unit volume at a distance a + A from the center of the drop; m| is the mass of the 
ions; T is the temperature of the gas; kg is Blotzmann's constant. However, only part of 
these tons will be captured by the drop. Introducing the coefficient of capture of ions 
a^ and considering the probability of escape of an ion from the surface of the drop as negli 
gible, let us write an expression for the ion flux on the surface of the drop in the form 

/ = a,7r(a + A)2c1A'(a +A) (1) 

The concentration N(r) of ions in a unit volume at a distance r > a + A can be found 
as the solution of a system of equations: the equation of steady-state diffusion of ions 

I d , JN N d<f , ,,. 
-—{PDA— + ) +acn„M = 0 (2) 
r2 dr dr knT dr 

and the equation of steady-state diffusion of vapor molecules 

1 d , dn i -> N 
— — (r2/) — ) - acnmn = 0 Ki) 
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Here X>i and D are the diffusion coefficients of ions and vapor molecules; n and rin, are the 
concentrations of vapor molecules and metastable ions, respectively, in a unit volume; c 
is the average relative velocity of vapor molecules and metastable atoms; o is the cross-
section of Penning ionization in the case of collision of vapor molecules with metastable 
atoms of the inert gas, 

Ze1 Ke'a3 

if = (L\ 

*ite0r 8jre„r2(r2-a
2) 

is the potential of ion-drop interaction, in which the second term considers the presence 

of image forces in explicit form; Z is the charge of the nucleus in units of elementary 

charge e; is a size coefficient in the SI system; ft = -L , ei is the dielectric 
4 ™ o et + 1 

permeability of the substance of the drop. The second terms in (2) and (3) describe the 
gain of ions at the expense of loss of vapor molecules as a result of Penning ionization. 

Let us add to the system of (2) and (3) the boundary conditions at r -» °° 

A>),,„=0, n|,__=0 (5) 

and the conditions of joining of the fluxes at r = a + A, which, taking (l)-(3) into account, 
take the form 

2 , « • > < * > ! 

ax na c(n* - n (a + A)) = -4irr20 — ( D ) 
d' I r - a • A 

, dN N dy I 
y dr kBT dr \r = a t A

 ( 7 ) 

Here a K is the coefficient of condensation; n$ is the concentration of saturated vapor above 
the surface of the drop; c is the average Maxwell velocity of the vapor molecules. 

Solving the system of Eqs. (2)-(3) with boundary conditions (5)-(7), we obtain 

nlr),2_ i M j ^ i i ^ i ( 8 ) 
4frZ) [1 +v(a + A))r 

:i-I -dr' - ' • • — .1 e"<o^) ,,/,.' ty'l r<l> „, 

\>]= - — [ -.;->.• V \ -—e KB' (1+v'r) (9) 
iitDj , r 2 4nD, 1 +v(a + A) . r ' 

where 

J S a W w * \U±±*1 do) 
a2cai, 

1 +p(a + A)+ — 
40 (a + A) 

is the resultant flux of molecules evaporated from the drop at a set pressure of the inert 
gas v = Ja~cnmlY) 

I =3 _ 

( U ) 

The expression for the ion flux I on the surface of the drop is most interesting for 
further analysis, since it determines the rate of loss of charge. Just as we should have 
expected, when A » a I •* 0, and when A « a we have from (11) 

l¥L _ 
~dreki'' (1+w) 

I=4naDns [1 +va ~ e"" ] (12) 

"rfre*Br 

- dr' 

+ a r 

f t 

<M 

*B-

4 0 , 

a + A ) 2 

__ 

C( 

A) 

+ 

1 + vr' 

\ +v(a + A ) 

T dr' k 3 

/ -r;e B 

a+4 r 

^ •>! 

943 



Let the drop be negatively charged; then, for the rate of change of the charge of the 

drop we have 

* , n * n (13) 
dt 

where the superscripts + and - pertain to the fluxes of positive and negative ions respec­
tively; t is the time- Since for a n e g a t e cV>&T%%d <fcĉ > I

+ » I", *«. stvall henceforth 
be interested only in T+. It is convenient to change to new notations 

Ze2 K 
6 =vae 4!fC,,AB7a 2Ze (14) 

a2caK aAa + &)7ct 

4£>(a + A) 4D,ae 

Making t h e s u b s t i t u t i o n of v a r i a b l e p = e a / r ' under t h e i n t e g r a l s i g n i n ( U ) c o n s i d e r i n g 

(4 ) and ( 1 4 ) , we o b t a i n 
f-— _ "' -

r = d!l l 4 ) ( £ A ) _ _ f _ "J dpe '''"' " ( 1 + - ) ] . ( 1 5 ) 

f i i l i ! i + n o P 
(3,<J>(e. A) + e k*T 

' K 6 . J I - 7 dpe '''"' ( 1 6 ) 

is the standard integral, which arises in the N. A. Fucks method [7, formula (11)]. 

In general, integration in (15) can be performed only numerically; however, in the 
of <5 «• 1 corresponding to a low concentration of metastable atoms, the expression toi 
I+ is substantially simplified. Let us rewrite the integral in brackets in (15) in the 

I' dpe '" "' 0 =4>i€. A> + i' dPe " |e " (1 + - I ! I (1 

p 

Now let us note that when e — > l> , which is equivalent to the condition u « 1 and T I 
a + i 

according to (14), the following approximate equality exists: 

/ dpe [e (1 + - ) 1| =- l Jpc |c (1 + -- I 1| ( ll 

at difficult to find the asymptote of the right-hand portion of (18) when 
using the method of consolidatable aymptotic resolutions [8]. Breaking down the interval 
of integration in the right-hand portion of (18) (and, correspondingly, the integral itself) 
into two parts: [0, u>] and [oo, »], finding the asymptotes for each of the integrals at 
6 « ui « 1, as a result we find 

Jdpe^e "(1 +- )• 1| - • A+A2( - •!) -A2ln6 + 0(S3) ( 1 9 ) 

a f 4 -

where y = 0.5772 is Euler's constant. Then substituting (19) considering (17) and the strong 

inequality u « 1 into (15), we obtain 

,.= 1J?! b() + -b\nl> 0.172861 (20) 
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Let us estimate the limits of applicability of the function obtained for I+. Let us 
note that the upper limit » in (11), (12) and the lower limit 0 in (15)-(19) correspond 
to infinitely distant walls of the chamber in which the evaporating drop is investigated. 
Let R0 be the effective finite size of the drop. Then the lower limit in (15)-(19) should 
be equal to Ea/R0. It is not difficult to note that replacement of (ea)/R0 by 0 at the 
lower limit of the integral in (19) does not lead to a large error only when the strong 
inequality (ea)/R0 « 5 is fulfilled. Consequently, formulas (19) and (20) are correct 
under the condition 

— <6<e— (21) 

or, considering (14) 

1 1 ' , •. 
— <v< (22) 
Ro a + A 

The c o e f f i c i e n t a-̂  of t h e c a p t u r e of i o n s by t h e drop and t h e s t e a d y - s t a t e c o n c e n t r a t i o n 
of m e t a s t a b l e p a r t i c l e s nm a l s o make t h e i r own c o n t r i b u t i o n t o t h e comple te dependence of 
I + on t h e gas p r e s s u r e . Without d i s c u s s i n g t h e d e t a i l s of t he c a l c u l a t i o n , we should men­
t i o n t h a t fo r a t , c o n s i d e r i n g t h e image f o r c e s a t Z » K, we can o b t a i n [9] 

(a + A ) 2 - a 2 a1 mv2
m , _ , . 

<*,• = ! - — • — (1 - f l* )exp(~ — ) (23 ) 
(a + A)2 (a + A ) s - a 2 V 2kBT 

Ke2 (a + A)2 - a2 

where 

8ne0akzT \Z\e2 *{<, + A) 
— - [ ( a + A) J + a 2 l + - — — (a + A) 

8 i r e 0 a * B r k T 

(24) 

™l a1 \Z\e2 *>(a + A) Ke2 

= ; ; + + B I. ( 2 5 ) 
2(c B r (a + A ) ! - a 2 ^ne0ak BT A B T 4i7e„a/tB T 

The steady-state concentration nm of metastable atoms of the inert gas can be determined 
as the solution of the equation [10]: 

n m V
1 n m = -<jm + (omcmh ^b,„7{l)nm \ acnn,„ (26) 

with arbitrary return of nm to zero on the walls of the chamber. Here Dm is the diffusion 
coefficient for metastable atoms; cm is the average velocity of metastable particles; n is 
the concentration of inert gas atoms in a unit volume; the second term in the right-hand 
portion defines the râ te of decrease in the concentration of metastable particles on ac­
count of double (vjmcmn) and triple ("\<bran

2) collisions; qm is the rate of production of 
metastable atoms in a unit volume. The solution of Eq. (26) is determined by the force 
function qm and the concrete geometry of the working chamber and will not be discussed here. 
We should mention only that in the case when helium is taken as the inert gas, for the para­
meters entering into (26) at T = 300 K we have [10, 11] Dm = 16.7-10

20 m2/sec, om = 9.8-10"
25 

m2, cm = 1.8-10
3 m/sec, and bm = 2.5-10"

1*6 m6/sec. 

In conclusion, as an example, let us estimate the rate of loss of charge (dZ)/(dt) by 
a drop of dioctyl phthalate at Z = 10 and a = 10"6 m in an atmosphere of helium at T = 
300°K and a pressure P = 10s N/m2. Let us take the concentration of metastable particles 
as nm = 10

6 m"3. For the case under consideration we have rfi = 7-1015 m~3, c = 1.8*103 

m/sec, c = C i = 1.3-10
2 m/sec, D = Di = 1.34-10"5 m2/sec, o = 3-10'18 m2, A = 2.3-10"8 m. 

From this, using (10), we find for the flux of molecules evaporating from the drop = 
1.2-106 sec"1, and for I+ from (20), considering (14) and (16) we obtain I + = 0.02 sec"1. 
Thus, in a minute the change AZ = 1, which can be detected experimentally under electro-
dynamic balance conditions. 

The author is deeply grateful to A. K. Reyu for attracting his interest to the problem 
discussed in this article and for valuable suggestions in the course of the work. 
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LETTER TO THE EDITOR 

CRITERION FOR IDEAL POLARIZABILITY OF CONDUCTING PARTICLES 

V. A. Murtsovkin UDC 537.83:537.221.1 

We have obtained relations allowing us to estimate the value of the external elec­
tric field strength at which a conducting particle found in an electrolyte solution 
can be considered ideally polarizable, which corresponds to no electric current 
passing through it. 

From the analysis presented in [1] of experimental work on measurement of the electro-
kinetic potential of conducting particles in aqueous electrolyte solutions, it follows that 
we can interpret the results obtained in these papers only within the framework of the theory 
of electrokinetic phenomena in nonconducting particles. According to [1], this is explained 
by the fact that under certain conditions the conducting particles should be considered as 
ideally polarizable, i.e., we can assume that there is no electric current passing through 
their surface. This question was first considered in detail in [2] for the special case when 
metal ion particles are present in the electrolyte. In this paper, we present a generaliza­
tion of the ideas developed in [2] to the case of an arbitrary electrolyte, and we propose 
relations allowing us to estimate the conditions under which the metallic particles can be 
considered ideally polarizable. 

Under the action of an external electric field, polarization charges are separated on 
the inner side of the surface of the conducting particle: negative charges where the force 
lines of the electric field enter the particle, positive charges where the force lines exit 
from it. As a result, the surface of the polarized particle can be considered as a system 
of two metallic electrodes immersed in the electrolyte solution. In this case, the part of 
the surface where separation of positive charges has occurred will be the anode, and the 
remaining part, where the negative charge has been separated, will be the cathode. Such a 
model for a polarized conducting particle allows us to consider the process of passage of an 
electric current in the particle-electrolyte system as ordinary electrolysis. 

Ions which approach each other under the action of an electric field from the volume 
of the electrolyte to the surface of the particle will be opposite in sign to the charges 
separated from the interior of the particle. For this discharge on the particle surface, 
i.e., for a current to be generated through the phase interface, the potential difference 
between the volume of electrolyte and the particle surface must be greater than the so called 
equilibrium potential, the magnitude of which is determined by the type of discharging ions 
()]• As a result, passage of current is possible in a system of two electrodes only when 

v . . . <1) 
<-ext «° *c 

where Uex(- is the external potential difference applied to the system; *". and »>° are the 
equilibrium potentials of the ions participating in the electrochemical reactions at the 

cathode respectively. the equilibrium potential difference Ueq = <>° - v>° is called the de­

composition potential [3]. 

If inequality (1) is not satisfied, there is no electric current through the surface of 
the particle and such a conducting particle can be considered ideally polarizable. 

The potential difference between two points found at opposite poles of the polarized 
spherical particle outside its electrical double layer, according to [1], is equal to 

"«=»• U ) 

where E is the external electric field strength; a is the radius of the particle. Taking 
into account (2), inequality (1) can be rewritten in the form 
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