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Aerosol size and relative humidity: Water uptake by 
mixtures of salts 
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ABSTRACT 
The water uptake by salt mixtures at large relative humidities is discussed. Numerous results of 
measurements of the lowering of water vapour pressure over multicomponent electrolyte 
solutions have been evaluated to obtain a simple mixture rule. Results from literature and own 
measurements were used. It turns out that for a given relative humidity the water uptake of a 
mixture of salts is almost equal to the sum of the water uptakes of the pure components of the 
mixture when separate from each other. This rule holds for the most cases at relative humidities 
larger than approximately 0.85 to 0.9 with an accuracy better than 10 to 15%. A second rule 
with a smaller range of application is discussed in the paper. 

1. Introduction 

The atmosphere is an aerosol with humid air as 
the dispersion medium and particles as the disper- 
sed phases. The latter are called the atmospheric 
aerosol particles. There are widely different struc- 
tures and chemical compositions of the at- 
mospheric suspensoids and, in addition, the par- 
ticles are not distributed uniformly in the at- 
mosphere. This results from the non-uniform 
sources and sinks of the atmospheric particles. 
Among these, coagulation plays an important role 
in bringing different particles together. Coagulation 
on the one hand forms structurally complicated 
particles, on the other reduces chemical differences. 
In this way the particles with radii (equivalent 
volume radii) between 0.01 and 1 pn  become 
agg1omerates.These particles play an important 
role in cloud, fog and radiation physics. The dry 
particles consist of both anorganic and organic 
matter being partly water. soluble. The water 
soluble part usually is a salt mixture. 

Moreover, solid and liquid phases exist side by 
side within the particles. At zero relative humidity 
the liquid phase may consist of organic matter. As 
the relative humidity increases water vapour 
condenses on the particles. Thus the sizes of the 

particles increase with relative humidity. Finally, 
when the air is nearly saturated with water vapour, 
most of the atmospheric particles consist mainly of 
water. When the relative humidity decreases water 
evaporates from the particles and thus they shrink. 
The response of the particles on changes of relative 
humidity must be known when solving problems of 
fog, cloud and radiation physics, especially when 
the air is nearly saturated with water vapour. In 
this context, the water taken up by salt mixtures in 
equilibrium with moist air is the most important 
feature. In the present paper this problem is 
discussed under the aspect of meteorological 
application. 

Multicomponent electrolyte solutions have been 
considered both experimentally and theoretically 
by many authors of physical chemistry, e.g. 
Robinson and Stokes (1945), Harned and Owen 
(1958), Harned and Robinson (1968), Pitzer and 
Kim (1974). But despite of all these efforts no 
simple model exists which is accurate enough for 
meteorological application. Winkler and Junge 
(1972) proved a simple rule with own measure- 
ments. They found that the mass of water taken up 
by a number of salt mixtures at a specific relative 
humidity is not equal to the sum of the masses of 
water taken up by the pure components alone at 
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the same relative humidity. More recently Hiinel 
(1976) discussed a number of examples of salt 
mixtures for which this rule holds with remarkable 
accuracy at relative humidities larger than about 
0.75 to 0.9. He could also give physical reasons for 
the validity of this simple mixture rule. Thudium 
(1978) developed another simple mixture rule for 
multicomponent salt mixtures. This rule agrees 
with that by Hiinel (1976) when the relative 
humidity is larger than about 0.95. In this paper we 
want to discuss the validity of both mixture rules 
for the water uptake by multicomponent electro- 
lytes on the basis of a large number of measure- 
ments from literature and own research. Our own 
measurements cover those mixtures being expected 
to occur in atmospheric aerosol particles and in 
addition some of the systems measured by Winkler 
and Junge (1972). 

Equation (1) is an approximation holding good 
for both a particle in the atmosphere and a particle 
in a closed laboratory system where no dry air is 
present. Thus it is permissible to transfer experi- 
mental results from such a system to the at- 
mosphere and vice versa. 

In eq. (1) a, is the water activity, i.e. the equi- 
librium relative humidity over a plane surface (r + 

00) of the same material the liquid cover of the 
particle consists of. This allows measurements to 
be made on samples of aerosol particles for which r 
+ 00 can be assumed, and then the use of these 
results for computation of the response of the 
particle to relative humidity in the atmosphere. This 
technique is applicable when both the chemical 
composition and the structure of the sample and 
the particle are the same in dry state, i.e. at f = 0. 
For atmospheric aerosol particles the water activity 
a, and the (equivalent volume) radius r are 

2. Theory 

2.1. The.basic equation 
A model has been developed by Hiinel (1976) 

for the equilibrium state of a particle in humid air. 
This medel correlates relative humidity with the 
equilibrium size of the particle or the equilibrium 
mass of water condensed on the particle. Com- 
pared to other models (for references see Hiinel, 
1976) it has the advantage that all inherent 
properties of numerical importance can be 
measured directly on samples of aerosol particles 
with sufficient accuracy. The appertaining ex- 
perimental methods have been developed or 
improved by the authors (Hiinel, 1976; Schreiber, 
1977) and Thudium (1976, 1978). 

We are now considering an electrically neutral 
spherical particle with an outer layer being com- 
pletely liquid in equilibrium with the surrounding 
moist air. Then the relative humidityfof the air is 
equal to the equilibrium relative humidity over the 
curved particle surface and is expressed by 

Here a?, is the water activity, u the surface tension 
of the curved particle surface, pw the bulk density of 
pure water, R, the specific gas constant of pure 
water, T the absolute temperature, and r the radius 
of the particle. 
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m,lm, is the water uptake per unit mass of dry, 
water-free substance, p the linear mass increase 
coefficient of the particle, and po the mean bulk 
density of the dry particle. For a multicomponent 
electrolyte solution we have 

a,= [ l + p s - -  - and 

r = r o  [ 1 + - -  ;;-]“3 

m,/m, is the water uptake per unit mass of the dry, 
water-free multicomponent electrolyte, ,is the mean 
linear mass increase coefficient of the mixed 
electrolyte, and ps its mean bulk density in dry 
state. 

At infinite dilution, i.e. a, -. 1, the linear mass 
increase coefficients p and 4, have finite limiting 
values. 

Equations (2a) and (2b) correlate water activity 
with water uptake per unit mass of dry substance 
by the linear mass increase coefficient alone. Both 
a, and m,/m, (m,/m,) can be measured. There- 
fore p(&) can be determined by measurement and 
secondly can be regarded arbitrarily as a function 
of a, or m,/mo (mw/ms).  Like every thermo- 
dynamic property the linear mass increase 
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coefficient is temperature dependent. This depen- 
dence is zero at infinite dilution and increases with 
decreasing water activity. 

2.2. The j r s t  mixture rule 
The first mixture rule is the extension of an 

equation being valid for the water activity a, = 1 to 
water activities smaller than 1 (Hanel 1976). It 
reads 

psi is the linear mass increase coefficient of the pure 
component i and mSi its mass in dry state. It is m, = 

Combination of the first equation of (2b) with 
xi msi* 

(3a) yields 

This means that the mass of water condensed on 
the mixed electrolyte is equal to the sum of masses 
of water condensed on the pure components when 
separate from each other. Equation (3b) also can 
be derived from a relation for so-called “semi- 
ideal” mixtures which has been used by Tang 
(1976). Semi-ideality means that the components 
(solutes) independently interact with water (the 
solvent). Consequently, the interaction between the 
ions formed from each component is considered, 
but there is no interaction between those ions the 
components do not have in common, i.e. in an 
aqueous solution of NaCl and KCI interactions 
between Na+ and CI- as well as K+ and CI- are 
considered, but no interactions between Na+ and 
K+. However, it is difficult to judge to which extent 
the interactions between Na+ (K+) and C1- 
originating from KCI (NaC1) are considered. The 
idea of semi-ideality is applicable also to non- 
electrolyte solutions. 

2.3. Another form of thejrs t  mixture rule 
The water activity can be expressed with another 

formulation physically equivalent to eq. (2a). In the 
case of a mixed electrolyte it is 

a,=exp -48,- [ - -  2 .“:I 
where 4 is the mean practical osmotic coefficient of 
the mixed electrolyte, 8 the mean number of moles 

of ions per mole of the mixture, M ,  the molar 
weight of water, and &f, the mean molar weight of 
the mixture. The limiting value of for infinite 
dilution is lim 4 a”,+ 1 = 1 as it is defined for pure 
electrolytes. An equivalent formulation of the 
mixture rule (3b) in terms of the practical osmotic 
coefficient is 

where the /i are the practical osmotic coefficients 
of the components. is the “total molality” of 
component i and YJl the “total molality” of the 
mixed electrolyte. mi and Yll are defined as the 
molalities of all the ions and molecules originating 
in component i and in the mixed electrolyte, 
respectively. 

2.4. The second mixture rule 

given by Thudium (1978). It reads 
A second mixture rule of formal simplicity was 

(4) 

This mixture rule has the advantage that the 
practical osmotic coefficients at a given con- 
centration, here the total molality of the mixed 
electrolyte, are used. This gives numerical 
facilitations in some cases. This second mixture 
rule, however, inhibits larger errors than the first 
one at moderate to large concentrations. This may 
be due to the idea leading to eq. (4) namely that the 
interionic interaction is governed by the total 
molality of the mixed electrolyte. Using /i(!TJl) this 
is supposed to be true even for the interaction 
between the ions of the components. There exists a 
third mixture rule for the practical osmotic 
coefficient by Chen (1974). This rule, however, is 
physically incorrect (Thudium, 1978) and gives too 
large errors. 

3. Discussion of the mixture rules 

3. I .  General remarks 
The validity of both mixture rules will be tested 

by comparison of computed and measured mean 
linear mass increase coefficients (first rule) and 
mean practical osmotic coefficients (second rule) of 
multicomponent electrolyte solutions. A large 
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quantity of measurements has been taken from 
literature, most of the references are compiled by 
Robinson and Stokes {1945), Harned and Owen 
(1958), Harned and Robinson (1968), and Pitzer 
and Kim (1974). Additional own measurements 
were necessary because the electrolyte mixtures for 
which experimental data exist in the physico- 
chemical literature usually do not meet the 
chemical composition and complexity of electro- 
lyte mixtures found in atmospheric particles. The 
microbalance system developed by Hiinel { 1976) 
has been used for these measurements. Within this 
system the activity of water is known with an 
accuracy of +0.0005-0.001 the mass with an 
accuracy of _+ 1.5-2 pg. Comparison of measured 
linear mass increase coefficients of sodium chloride 
with those deduced from Robinson and Stokes 
(1959) showed differences smaller than f1.3% in 
the range of water activity 0.760 5 a ,  5 0.952. All 
our measurements have been taken in the range of 
water activity a ,  5 0.95. Measurements at water 
activities 0.95 < a ,  _I 1 are not necessary, since in 
this range the mixture rules give the best results 
(compare Tang, 1976; Hanel, 1976; Thudium, 
1978). 

3.2. Results 
The results are compiled in Tables 1 and 2 where 

the following data are given for each mixed electro- 
lyte: Composition of the mixture, maximum per- 
centage deviation of the measured from the 
computed mean linear mass increase coefficient 
(first rule), maximum percentage deviation of the 
measured from the computed mean practical 
osmotic coefficient (second rule), and the apper- 
taining range of water activity, where these 
maximum deviations occur. 

3.2.1. Data from the physico-chemical literature 
(Table 1). There are interionic interactions between 
the ions of each component and between the ions of 
different components. The first type of interactions 
is completely considered in the first mixture rule 
but only incompletely in the second one. The 
second type of interactions is considered imper- 
fectly by both mixture rules. Especially the inter- 
actions between these ions the different compo- 
nents have not in common are not considered. 
Since incomplete consideration of the interionic 
interactions is responsible for the error involved in 
a mixture rule, we expect each mixture rule to give 
the best results for small ionic interactions, i.e. large 

mutual distances of the ions. This occurs at high 
dilution of the solution, i.e. large water activity, and 
has been confirmed by the measurements. More- 
over the first rule should consider interionic inter- 
action more perfectly than the second one. There- 
fore, the first rule should have the larger range of 
applicability, i.e. a smaller maximum error in a 
given range of water activity. As it can be seen 
from Table 1, this is true for the majority of the 
mixtures. 

There are only a few mixtures for which the first 
mixture rule gives errors larger than 10% in the 
indicated ranges of water activity. However, these 
mixtures are composed of salts of no importance 
for atmospheric application (BaCI, and CsCl, CsCl 
and LiCl, KCl and CuC1,) and of salts (K,SO, 
and Na,SO,), which whenever they are present, 
contribute only small amounts to the water-soluble 
substance of atmospheric particles. Moreover, 
those salts being well known for complex ion 
formation {the halides of the transition metals and 
cupric chloride, Robinson and Stokes, 1959) are of 
no significance within atmospheric particles. This is 
important to know, since the mixture rules cannot 
be applied to systems with complex ion formation. 

In several cases the indicated ranges of the water 
activity are very small. There are two reasons for 
this: (1) No measurements on the mixtures at 
smaller water activities exist. (2) Measured linear 
mass increase coefficients and practical osmotic 
coefficients of BaCI,, KNO,, NaNO,, NaOAc, 
LiOAc, and K,SO, were not available for lower 
water activities. 

3.2.2. Confirmation of the mixture rules for  
atmospheric conditions (Table 2). There were 
several reasons for own measurements of the water 
uptake of mixed electrolytes: 
(1) The mixed electrolytes, building up the water- 

soluble substances of atmoqpheric particles, 
generally are more complicated and of other 
composition than those reported in the 
literature. 

(2) Those cases are to be discovered for which the 
mixture rules give large errors. 

(3) Some measurements on mixed electrolytes by 
Winkler and Junge (1972) should be repeated. 
We wanted to investigate the statement of these 
authors that “the total amount of water uptake 
of a complex salt mixture as found in continen- 
tal aerosols is not additive with respect to the 
individual components” being in contradiction 
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Table 1. Test of the mixture rules with data from the literature ( f o r  
references see Schreiber, 1977). x is the mole fraction. The maximum 
error is the maximum value of IOO~(y,,,,lyc,,c. - 1 )  in the range of 
water activity indicated where y = j ,  or #. The maximum error occurs in 
the lowest part of the range of water activity indicated in the table 

Maximum error of 
mixture rule in % 

Mixture 
First Second 

Range of a, eq. (3b) eq. (4) 

xKNO, + (1 - x)Ca(NO,), 

xKCl + (1 - x)CaCI, 
xKCI + (1 - x)BaCI, 
xNaCl + (1 - x)BaCI, 
xNaCl + (1 - x)CaCI, 
xCaCI, + (1 - x)MgCI, 
xNaCl + (1 - x)LiCI 
xNaNO, + (1 - x)LiNO, 
xNaOAc + (1 - x)LiOAc 
xNaCl + (1 - x)KCI 

xCa(NO,), + (1 - x)MgCI, 
xCaC1, + (1 - x)Mg(NO,), 
xCa(NO,), + (1 - x)Mg(NO,), 
xCa(NO,), + (1 - x)CaCI, 
x,LiCI + x,NaCI + x,CsCI 

x,LiCI + x,NaCI + x,KC1 

x,LiCI + x,NaCI + x,CsC1 

xLiCl + (1 - x)BaCI, 
xBaC1, + (1 - x)CsCI 
xNa,SO, + (1 - x)LiCI 
xNa,SO, + (1 - x)CsCI 
xNa,SO, + (1 - x)NaCI 

xK,SO, + (1 - x)Na,SO, 
xK,SO, + (1 - x)NaCl 
xNa,SO, + (1 - x)KCI 

xCsCl + (1 - x)NaCl 

x = 0.6667 

xMg(NO,), + (1 - x)MgCI, 

X, = X, = X, = 113 

X, = X, = X, = 113 

X, = X, = x3 = 113 

xK,SO, + (1 - x)KCI 

x=0.1335 
x = 0.2698 
x = 0.3689 
x = 0.4989 
x = 0.6354 
x = 0.1918 

xKCl + (1 - x)LiCI 
x = 0.3356 
x = 0.3526 
x = 0.5210 
x = 0.6434 
x = 0.7019 

0.94-1.0 
0.85-1.0 
0.9 1-1.0 
0.90- 1 .O 
0.77-1.0 
0.6 1-1.0 
0.761.0 
0.87-1.0 
0.87-1.0 
0.76- 1 .O 
0.52-1.0 
0.53-1.0 
0.60-1.0 
0.64-1.0 
0.53-1.0 

0.89- 1 .O 

0.89- 1 .O 

0.8 1-1.0 
0.9 1-1.0 
0.92-1.0 
0.88-1.0 
0.85-1.0 
0.94-1.0 
0.98-1.0 
0.98-1.0 
0.98-1.0 
0.9 1-1.0 

0.1 7-1.0 
0.78- 1 .O 
0.79-1.0 
0.80-1.0 
0.8 1-1.0 
0.8 1-1.0 

0.79- 1 .O 
0.79- 1 .O 
0.80-1.0 
0.8 1-1.0 
0.82- 1 .O 

-4.7 
-3.3 
-3.1 
-0.3 
+0.4 
-0.9 
+0.8 
+2.0 
+0.5 
-2.8 
+1.1 
+5.5 
-9.7 
-2.3 
-3.7 

-3.2 

-3.0 

-4.9 
+1.1 

+21.6 
+4.3 
+6.2 
+2.2 
+0.9 

-10.5 
-0.6 
+3.3 

-1.5 
-1.6 
-3.4 
-4.1 
-3.8 
-2.8 

-1.8 
-1.8 
-2.0 
-2.2 
-1.8 

-12.3 
-9.5 
-3.7 
-0.6 
-3.2 
-1.3 
-0.4 
-2.9 
+0.6 

+1.7 
+4.1 

-2.6 

-16.2 
-6.9 

-10.4 

-5.4 

-2.4 

-10.3 
+ 1.2 

+22.1 
+ 1.0 
-7.5 
+ 1.0 
+0.5 
-1.4 
-1.5 
+3.6 

-2.6 
-4.2 
-5.7 
-6.5 
-6.0 
-4.4 

-5.6 
-5.7 
-6.5 
-6.4 
-5.5 
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Table I-continued 

Maximum error of 
mixture rule in % 

First Second 
Mixture Range of ow eq. (3b) eq. (4) 

xLiNO, + (1 - x)LiCI 
x = 0.3066 
x = 0.4662 
x = 0.6414 

x = 0.3301 
x = 0.4833 
x = 0.6608 

x = 0.141 1 
x = 0.3025 
x = 0.4007 
x = 0.6443 
x = 0.7726 

x = 0.3029 
x = 0.45 15 
x = 0.5578 
x = 0.7034 
x = 0.8 146 

x = 0.6667 

x = 0.6667 

x = 0.6667 

x = 0.6667 

x = 0.6667 

x = 0.6667 

xNaCl + (1 - x)LiCI 

XCSCI + (1 - x)KCI 

xCsCl+ (1 - x)LiC1 

xKCI + (1 - x)MgCI2 

xKCl + ( 1  - x)BaCI, 

xKCl + (1 - x)MnCI, 

xKCI + (1 - x)COCI, 

xKCl + (1 - x)NiCI, 

xKCI + (1 - x)CUCI, 

0.46-1.0 
0.48-1.0 
0.51-1.0 

0.7 1- 1 .O 
0.73-1.0 
0.73- 1 .O 

0.84-1.0 
0.84-1.0 
0.84-1.0 
0.84-1.0 
0.85-1.0 

0.75-1.0 
0.77-1.0 
0.79-1.0 
0.80- 1 .O 
0.8 1- 1 .O 

0.86- 1.0 

0.92-1.0 

0.85- 1.0 

0.84- 1 .O 

0.84-1.0 

0.85-1.0 

+0.6 
+0.9 
+1.1 

+0.7 
+0.7 
+0.8 

-0.3 
-0.6 
-0.6 
-0.7 
-0.5 

+11.2 
+5.4 
+2.2 
-0.6 
-1.6 

-1.8 

-2.3 

-6.5 

-4.9 

-4.9 

-12.4 

-2.6 
-3.1 
-3.2 

+0.5 
-0.6 
-0.7 

-0.4 
-0.7 
-0.7 
+ 1.7 
-0.6 

-13.4 
-16.0 
-16.5 
-14.7 
-11.3 

-8.4 

-3.1 

-9.8 

-10.3 

-11.7 

- 14.2 

to the first mixture rule. The reason for our 
doubts was the fact that sea salt, being a 
complicated salt mixture, too, obeys the mix- 
ture rules (Hanel, 1976; Thudium, 1978) very 
well. 

Our measurements were performed on 16 mixed 
electrolytes covering the range of chemical com- 
positions of mixed electrolytes being formed within 
atmospheric particles and some of the mixtures 
Winkler and Junge (1972) had reported. Our 
findings are as follows: 
(1) Several mixtures of salts contain crystal water 

and sometimes this crystal water cannot be 

removed using physical methods. This may 
happen when a mixture contains considerable 
amounts of MgCI,, CaCI,, or MgSO,. In these 
cases the mixtures seem to take up less water 
than the mixture rules predict. However, when- 
ever the mass of crystal water is subtracted 
from the measured “dry” substance to obtain 
the dry water-free substance (as is required in 
the theory) and secondly added to the water 
taken up by the electrolyte (compare Winkler 
and Junge, 1971) both mixture rules have a 
good accuracy. This is due to the fact that no 
distinction can be made between crystal water 
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and the condensed water when all the material 
is dissolved (as it occurs at large water 
activities). Then the ratio between the numbers 
of the dissolved electrolyte species and the 
water molecules is highly responsible for the 
water activity. Some of the findings of Winkler 
and Junge 1972 can be explained easily taking 
crystal water into account. In Table 2 the 
crystal water corrections are considered. 

(2) The mixture rules would underestimate the 
water uptake by salt mixtures containing 
K,SO, when dissolution of K,SO, below its 
saturation water activity of 0.975 would not be 
considered K,SO, is present within the mix- 
tures 3, 9, 14, 15, and 16. For these mixtures 
we have assumed that K,SO, is completely 
dissolved at water activities 2 0.9. The 
influence of the dissolved K,SO, on the 
water uptake of the mixtures at a, 2 0.9 
was calculated using extrapolated values of 
the osmotic coefficient of K,SO, (#K2S04 

= 0.62 5 2-596). Without consideration of the 
dissolution of K,SO, the errors in Table 2 
would shift in the positive direction, e.g. for 
the first mixture rule by almost 2-7% for the 
mixtures nos. 3, 9, 14, and 15 and by 23% for 
no. 16. The dissolution effect might occur for 
other salts too, however, we did study it only 
for K,SO,. 

(3) The water-insoluble CaSO, forms from some 
of the mixtures of electrolytes Winkler and 
Junge (1972) have used and from our mixture 
no. 15. We have considered the formation of 
CaSO, for mixture no. 15 assuming, that each 
Ca-ion from Ca(NO,), reacts with a SO,-ion 
from (NH,),SO,, MgSO,, and K,SO, accord- 
ing to the following equations: 
0.372Ca(N03), + 1.3 19(NH,)2S0, 

0.744NH4NO, 
0.409Ca(N03), + 1.448MgS0, 

0.409Mg(N03), 
0.282Ca(N03), + lK,SO, 

--t 0.282CaS0, + 0.718K,S04 + 
0.564KN0,. 
After the formation of CaSO, the composition 
of mixture no. 15 is 
0.947(NH4),SO, + 2.923NH4NO, 

+ 2.052NaN0, + 1.039MgS0, 

(a, = 0.9) = 0.66 & 5-lo%, #KlS04  (a, = 0.95) 

--t 0.372CaS0, + 0.947(NH4),SO, + 

--t 0.409CaS0, + 1.039MgS0, + 

+ 2.983NaCI+ 1.831MgC1, + 0.718K2SO, 
+ 0.409Mg(N03), + 0.564KN0, 
+ 1.063CaS0, (insoluble). 

The errors given in Table 2 for mixture no. 15 
are computed for this product of reaction. The 
mass of CaSO, had been subtracted from the 
mass of the original water-free electrolyte 
mixture to obtain the true mass of “active” 
water-free electrolyte mixture. 

4. Summary 

The water taken up by a mixture of electrolytes 
at high relative humidities has been discussed. Two 
mixture rules describing this effect have been tested 
using data from the literature and from own 
measurements. The results are compiled in Tables 1 
and 2 leading to the following conclusions: 
(1) Interpreting measurements of the water uptake 

by electrolyte mixtures, three effects must be 
considered: (a) the influence of crystal-water, 
(b) the formation of insoluble material, and (c) 
when K,SO, is present the dissolution of 
K,SO, at water activities smaller than its 
saturation activity. 

(2) In the majority of all cases the first mixture rule 
(eqs. 3a, 3b or 3c) gives better results, i.e. 
smaller errors, than the second one (eq. 4). 

(3) When we tolerate a maximum error of 10 to 
15% in the water uptake by the electrolyte 
mixture the first mixture rule is applicable for 
water activities larger than 0.85 to 0.9. In most 
cases the lower limits are valid. The second 
mixture rule is applicable at water activities 
above 0.9 to 0.95. Only the system BaCI, 
CsCl (Table I)  shows larger errors due to 
complex ion formation being not of importance 
in atmospheric particles (see discussion). The 
large errors for mixtures no. 7 and 8 (Table 2) 
are most likely due to incorrect preparation of 
the mixtures. 

5. Meteorological implications 

Together with the approach of Hanel (1976) 
both mixture rules are good tools computing the 
relations between equilibrium radius and relative 
humidity for mixed particles as they are found in 
the atmosphere. It is possible now to use measured 
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data of the chemical composition of the water- 
soluble part of atmospheric aerosol particles for 
such estimates. Chemical data are available for 
numerous locations and weather situations. 

The relations between particle equilibrium radius 
and relative humidity, which now can be obtained 
by this technique for many different aerosol types, 
are direct input data for numerical models of the 
non-equilibrium growth or shrinking of fog and 
cloud droplets due to condensation or evaporation 
of water vapour. A s  a consequence we are now 

able to study fog and cloud formation and the 
generation of precipitation on a more realistic and 
broader basis. 
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PA3MEP A3P030J IbHbIX YACTMq M OTHOCATETIbHAX BJIAXHOCTb: 
llOrJI0IQEHME BOHbI CMECXMM COJIEM 

06cymqaeTcn nornoweHue B o m i  C M K R M ~ ~  coneti 
IIpU BbICOKOt OTHOCUTeJIbHOti BJIBXHOCTU. OUeHU- 
BaIOTCR MHOrOYUCJIeHHbIe pe3yJIbTaTbI U3MepeHUfi 

HOCTbIO MHOrOKOMIIOHeHTHbIX PaCTBOpOB 3neKT- 
POJIUTOB nOJIyYeHUR IIpOCTOfi 3aKOHOMePHOCTU- 
AnR CMeCU. MCIIOJIb3OBaHbI KBK JIUTepaTypHbIe 
AaHHbIe, TBK U pe3yJIbTaTbI CO6cTBeHHbIX Ii3MepeHUg. 

noHuxeHuR nameHun Bonmoro napa Han nowpx- 

n O K a 3 a H 0 ,  YTO npU n a H H O i  OTHOCUTenbHOfi 
BJIaXHOCTU IIOrnOlUeHUe BOnbI CMeCbIO COJIefi 
IIpaKTUYeCKU 3KBUBaJIeHTHO CYMMaPHOMY nOrJIOlUe- 
HUH3 BOAbI OTAenbHbIMB KOMnOHeHTaMH CMeCU. 3 T a  
3aKOHOMepHOCTb BbInOJIHfleTCR npU OTHOCUTeJIbHOfi 
BJIaXHOCTU BbIIlIe 0,85 C TOYHOCTbIO BbIWe 10%. 

MeHbWeB 06naCTbIO IIpUMeHUMOCTU. 
B sane 0 6 c y ~ n a m o . r ~ ~  Tame npyroe npamno c 
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