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ABSTRACT 

Silver iodide was prepared by the direct reaction 

between powdered silver and iodine in vacuum. Unreacted 

iodine was removed by pumping and the silver iodide 

extracted from the excess of powdered silver with liquid 

ammonia. The silver iodide prepared was not light sensi

tive. In rough measurements a definite difference was 

shown between the adsorption isotherms at 30°C of the vacuum 

prepared and precipitated silver iodide. The precipitated 

silver iodide absorbed more water at the higher relative 

pressures. With a more precise system three isotherms for 

the adsorption of water vapor on the vacuum prepared silver 

iodide were measured at temperatures of -3.24°, -9.19° and 

-16.07°C. These isotherms were Type II in the BET classifi

cation. Amounts of water vapor adsorbed were less than the 

statistical monolayer for all three isotherms. Application 

of the BET theory to determine the water monolayer gave 

values of questionable meaning. No phase change was detec

ted for the -3° to -16°C. range. The isosteric heat of 

adsorption curve was greater than the heat of condensation 

for all coverages. It displayed a minimum of 14 Kcal/mole 

at 0.03cc STP and a maximum of 22 Kcal/mole at 0.05cc STP. 

The differential entropy of adsorption curve displayed a 

maximum of -10 e.u. and a minimum of -41 e.u. at coverages 

viii 
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of 0.03 and 0.05cc at STP respectively. The surface of the 

silver iodide was interpreted to be mainly hydrophobic with 

patches or areas of hydrophilic sites. 



I. INTRODUCTION 

The energetics of the interaction of water vapor 

with particles of silver iodide has been of interest to 

meterologists since Bernard Vonnegut* of the General 

Electric Company in Schenectady, New York, discovered the 

high ice crystal nucleating efficiency of silver iodide 

smoke in a cloud of supercooled water vapor in 1947. 

Selection of silver iodide for the nucleating work was 

based on a study by Vonnegut of substances which have a 

crystal structure similar to that of ice. The lattice 

parameters of hexagonal silver iodide were found to be 

within one percent of the hexagonal parameters for ice. 

Preliminary work leading up to Vonnegut's discov-
o 

ery was done by Schaefer on the same laboratory in 1946, 

He discovered that a tiny fragment of dry ice, when 

dropped into a cold chamber containing a supercooled 

cloud, resulted in the formation of ice crystals. 

Schaefer and Langmuir then investigated the seeding of 

supercooled clouds by dropping dry ice into them from an 

3 
airplane. The first test occurred in November of 1946 

when Schaefer had three pounds of dry ice dropped into an 

altocumulus deck whose temperature was about -20°C. 

Observing from the ground, Langmuir saw snow fall from the 

cloud for 2000 feet before subliming.^ 

1 
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The addition of artifical nuclei to supercooled 

clouds with the possibility of producing rain was foreseen 

by Findeisen in 1938.^ His proposal was actually a broad-

ending of the famous Swedish meteorologist, Thor Bergeron's, 

theory on precipitation from supercooled clouds.** 

Bergeron postulated that the release of precipitation from 

supercooled clouds most likely occurred either by the 

freezing of droplets or by the condensation of the water 

vapor on special nuclei. The work of Schaefer and Langmiur 

was the first accepted experimental verification of these 

ideas. 

Vonnegut's success with silver iodide and later 

lead iodide, which also has a crystal structure and lattice 

dimensions similar to ice, led to the epitaxy theory, which 

hypothesized that the likeness in crystal structure between 

lead iodide or silver iodide and ice provided the initially 

adsorbed water molecules with a surface that oriented them 

into positions upon which the hexagonal crystal structure 

of ice could be built, and thus provide the nucleus for the 

formation of ice crystals. 

The main advantage of silver iodide over dry ice as 

a cloud nucleating agent is that the silver iodide particles 

will remain in the atmosphere for hours while the dry ice 

particles sublime quickly and are effective only a short 

time. The silver iodide smoke produced by vaporizing an 



acetone solution of silver iodide in a hot flame also con

tains an enormous number of nuclei, calculated to be about 

15 7 
10 per gram of silver iodide. 

Following 1947 the Federal Government organized 

several projects to investigate problems pertaining to 

cloud and weather modification attempting mainly to deter

mine the effectiveness of silver iodide, or like nucleants, 

as cloud seeding agents. Starting with Project Cirrus in 

1947, the Artificial Cloud Nucleation Project in 1947, the 

Artificial Cloud Nucleation Project in 1953, Project Sky-

fire, Arizona, 1956, Project Skyfire, Montana, 1956 and a 

host of others, measurements, techniques and theories on 

cloud seeding were advanced, tested, proven and sometimes 

discarded. Evidence that cloud seeding modifies a super

cooled cloud is not difficult to find. However, evidence 

that cloud seeding increases the amount of annual rainfall 

is questionable. The difficulty in correlating the effec

tiveness of cloud seeding lies in the fact that some pro-

8 9 jects showed an increase in rainfall with seeding, » 

some a decrease*"®»*"*" and some no difference.*"^' ^ 

Curiosity about the possible mechanisms of ice 

czrystal formation around silver iodide nuclei in the cloud 

by the supercooled water vapor brought cloud seeding 

experiments into the laboratory, where equilibrium iso

thermal measurements of the adsorption of water vapor on 

the silver iodide surface were carried out. From the 
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adsorption isotherms, thermodynamic properties of the sur

face can be calculated and these properties allow an infer

ence about the nature of the silver iodide surface, from 

which an ice crystal formation mechanism can be postulated. 

The first such work was reported by Coulter and 

14 
Candela who obtained a Type III isotherm (in the B.E.T. 

classification) on precipitated silver iodide after 

correcting their anomalous isotherm for the occurence of a 

phase transition in the adsorbed layer which was believed 

to be caused by surface hydration of impurities. The 

surface is described as hydrophobic in nature and the 

isosteric heat maximum is reported to be about 11 Kcal/mole. 

The surface area of the silver iodide sample was calculated 

from the water adsorption isotherm using the Harkins-Jura**"* 

plot and the B.E.T. plot, even though the latter has been 

criticized by Halsey**^ on application to the Type III 

isotherm. For both methods two regions of linearity were 

obtained and two surface areas calculated. These were 

.017 m^/g and .034 m^/g for the Harkins-Jura method, while 

for the same respective reduced pressure regions the areas 

were .041 m^/g and .086 m^/g for the B.E.T. method. The 

experimental measurements employed a volumetric technique 

using a Bodenstein quartz spiral pressure guage. Degass

ing of the silver iodide sample was carried out at tempera

tures less than 100°C. 



5 

The next major work on the adsoprtion of water vapor 

17 
on silver iodide was done by Birstein. In measuring 

adsorption in the range of -20°C. to 26°C. he used a quartz 

spring balance with a sensitivity of 0.0133 mg/jjt to deter

mine the amount adsorbed. A Dubrovin gauge assumed to be 

capable of reading to 0.02 mmHg was used to determine the 

pressure. Silver iodide from a commercial source, a labora

tory prepared sample and an aerosol were used; however, 

distinction between these three types seems for the most 

part to be lost later in the paper. Surface areas of 

2 2 13.1 m /g and 12.4 m /g are reported as measured by the 

electron microscope technique, assuming a normal particle 

distribution, and by the nitrogen B.E.T. technique respec

tively. Adsorption isotherms of water on the silver iodide 

.show water adsorbed in excess of 150 statistical monolayers 

near the saturation pressure. The differential heat of 

adsorption started near 18 Kcal/mole and tapered exponen

tially down toward the heat of vaporization of water. 

The conclusion of this work was that ice nucleation by 

insoluble solids is dependent upon their ability to orient 

the initially adsorbed water molecules in an ice like 

structure from which the ice crystal can be formed. This 

conclusion supports the epitaxy hypothesis. 

Following Birstein*s work, Halsey, Champion and 

Karasz^® studied the change of argon isotherms in going 

from no water adsorbed on the silver iodide to a coverage 
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1 9 70 
of five statistical monolayers. Previous work » had 

shown that the equilibrium growth of adsorbed layers of 

solid xenon on the surfaces of three solids was limited by 

the incompatibility of the xenon-adsorbent crystal struc

tures. This incompatibility was reportedly detected by the 

change of the argon isotherm with the monolayer thickness 

of the adsorbed xenon. 

The technique used for providing five monolayers 

of water on the silver iodide involved the dehydration of a 

known amount of BaC^^HgO, The adsorption isotherms of 

argon on silver iodide with no adsorbed water and on silver 

iodide covered with five statistical monolayers were almost 

identical. Further experimental care to make sure that the 

water was uniformly distributed upon the silver iodide 

surface produced no change in the isotherms. 

If the change in the argon adsorption isotherms 

with an increasing amount of water adsorbed on the silver 

idodide surface is an indication of incompatibility of the 

silver iodide-ice crystal structure, then these results do, 

indeed, show the silver iodide-ice crystal structure to be 

compatible. This is not unexpected considering the almost 

identical hexagonal lattice dimensions. 

Further efforts to measure an adsorption isotherm 

of water vapor on silver iodide at -45°C. utilizing a 

Pirani gauge calibrated in place were futile as the adsorp

tion was below the value which could be measured with the 
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apparatus and techniques used. As a result the authors con

cluded that the growth of layers of ice on silver iodide 

does not occur at equilibrium conditions and the two sur

faces are energetically incompatible. 

Following Halsey's work Moskuitin, Dubinin and 
p 1 

Sukharov did another study on the adsorption of water 

vapor on silver iodide, using a quartz microbalance with a 

_7 sensitivity of 2.5 x 10 g with a one gram sample to meas

ure the amount adsorbed, and a Pirani gauge to measure 

pressure. Attempts at the preparation of a high area 

silver iodide aerosol were unsuccessful and samples obtain

ed by precipitation from solution were used. Degassing 

the silver iodide involved heating to a temperature of 110 

to 120°C. for eight to ten hours. The water adsorption 

isotherms obtained at temperatures of -20°, 0° and 20°C. 

were Type II in the B.E.T. classification. The isotherms 

were found to be the same whether or not the silver iodide 

sample was heated before the adsorption measurements were 

made. The surface area of the silver iodide was calculated 

as 0.2 m^/g by applying the B.E.T. equation to the water 

adsorption isotherms, determining the so called monolayer 

capacity, and using an area of 26A°^ for a water molecule. 

The adsorption isotherms were found to be revers

ible except that at -20°C. a hysteresis loop developed when 

the saturation pressure of the ice was exceeded. A phase 
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transition change was shown by a break in the plot of the 

adsorption isosteres. As a result of the phase transition 

the authors concluded that there is a difference in the 

state of adsorbed water on silver iodide at temperatures 

above and below 0°C. 

With Coulter and Candela's corrected Type III 

isotherm containing only a few monolayers of adsorbed water, 

with Birstein's Type II isotherm containing upward of 100 

statistical monolayers of adsorbed water, with Halsey's 

work showing no adsorption and with Moskuitin and others* 

Type II isotherms containing a few monolayers, it was 

apparent that more investigations were needed before the 

exact nature of the water vapor silver iodide interaction 

could be fully understood. 

22 Zettlemoyer, Tchenrekdjian, and Chessick, in a 

preliminary note in 1961, described silver iodide as hav

ing an intermediate energy surface, on which few studies 

have been made. They studied such an intermediate surface 

by comparing the apparent water specific surface area to 

the nitrogen area. Measurements in the laboratories using 

the B.E.T. method gave surface area ratios of water to 

nitrogen of 7/100, 37/100 and 27/100 for three silver 

iodide samples. The authors concluded that the surface of 

silver iodide is mainly hydrophobic, and postulated it 
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contains hydrophilic sites upon which the first water 

molecules are adsorbed in clusters, forming the nuclei for 

eventual ice crystals. 

23 
In 1962 Tompkins and Hall studied the adsorption 

of water on silver iodide, as well as a number of other 

insoluble metal halides, in an attempt to obtain information 

about the structure of the adsorbed layer, its dependence 

on the lattice parameters of the salt, and the effects of 

interactions between adsorbate molecules. The silver 

iodide was prepared by precipitation from solutions of 

silver nitrate and potassium iodide. Outgassing of the 

sample was accomplished by heating at 110°C. for a period 

of eighteen hours. A volumetric experimental vacuum 

system was used having two matching thermistor gauges in 

a Wheatstone bridge circuit capable of measuring pressures 
R 

of 5 x 10 mmHg. For silver iodide the isosteric heat of 

adsorption was 5 Kcal/mole at very low coverages but 

increased rapidly to 10 Kcal/mole. Tompkins suggested 

from his data that the adsorption is too high at low cover

ages to be accounted for in terms of unique localities, 

such as steps and terraces arising from the emergence of 

edge dislocations, and postulated that specific adsorption 

of one of the lattice ions in excess of the stoichiometric 

amount at the surface provided adsorption sites for the 

isolated water molecules. The data also supported the 

clustering hypothesis. 
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Following Tompkins work, came the first investiga

tion of the sintering behavior of the silver iodide by 

Storm and Corrin^ in 1963. Krypton B.E.T. measurements 

on samples of silver iodide heated at temperatures of 77°C., 

100°C., and 125°C. showed appreciable sintering even at 

intervals of heating of less than twenty hours. In one 

case simple grinding between two watch glasses produced a 

2 2 change in surface area from 1.0 m /g to 0.03 m /g. By 

assuming that only a portion of the surface area was 

active iri the sintering process, the data fits a second 

order rate expression. A. sample of silver iodide prepared 

by precipitation from silver nitrate and ammonium iodide 

was found to give off a white sublimate when heated above 

50°C. under vacuum. The white sublimate was identified as 

ammonium nitrate and found in silver iodide samples even 

though the wash water was found free of both the nitrate 

and ammonium ion. 

25 
In 1964*Tcheurekdjian, Zettlemoyer and Chessick 

published another paper on the adsorption of water vapor on 

silver iodide. Using a volumetric system and a spoon gauge 

as a pressure measuring instrument, isotherms measured at 

20°C., 10°C., and 15.8°C. were found to be Type II in the 

B.E.T. classification. The silver iodide used was precipi

tated from solutions of potassium iodide and silver nitrate. 
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Precaution was taken to use a low area material to counter 

the sintering problem; however no method of sample degassing 

was described. In studying the effects of sintering, they 

found that a sample having an initial argon surface area 

of 2.3 m^/g had a constant water area of 0.02 m^/g as the 

argon area was reduced to 0.04 m /g by heating. They con

cluded that the polar sites remain essentially constant 

while the total area is reduced fifty-six fold. Adsorption 

isosteres showed no phase change and the differential heats 

of adsorption were less than the heat of vaporization. 

As a result of this work Zettlemoyer suggested that 

silver iodide possesses hydrophilic sites on a largely 

hydrophobic surface. The variability of the number of sites 

on the surface suggests that the sites are polar impurities 

which are concentrated on the surface. The experimental 

work showing that the number of sites which adsorbed water 

remains constant as the argon area was reduced fifty fold 

supports the impurities concept, as impurities often 

congregate on the surface of solids. 

Also in 1964 Sano, Fukuta and Kojima measured 

the adsorption of water vapor on silver iodide at tempera

tures of 10°C., 0°C., -10°C., and -20°C. with a quartz 

spring. The heat of monolayer adsorption as calculated 

from c obtained by the B.E.T. relation was nearly equal to 
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the heat of vaporization. The adsorption isotherms were all 

of a B.E.T. Type II and hysteresis was observed for desorp-

tion. 

Partly because of the later work done on the sinter

ing of silver iodide and partly because of techniques or 

methods used in taking or interpreting data, much of the 

earlier work in the adsorption of water on silver iodide 

has lost a good portion of its meaning. The B.E.T. sur

face area technique is not valid for molecules which undergo 

a strong lateral interaction; yet water adsorption isotherms 

have been used to calculate surface areas. Even in 

Zettlemoyer1s later work he concludes that the hydrophilic 

sites on the silver iodide surface are due to impurities. 

Candela and Coulter applied the B.E.T. method to the water 

isotherm to determine the surface area. Birstein found 150 

statistical monolayers of water adsorbed near the satura

tion pressure of water while all the other work claims 

three or less. Halsey was not able to measure any adsorp

tion at -45°C. Moskuitin and others also applied the B.E.T. 

theory to water isotherms to determine the surface area. 

Tompkins and Hall heated their samples at 110°C. for eighteen 

hours unaware at that time of the sintering effect. Sano, 

Fukuta, and Kojima used the B.E.T. relationship to determine 

the heat of adsorption of the monolayer. Corrin and Storm 

have shown that the silver iodide precipitated from 

aqueous solution contains impurities. 
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Thus with even the latest work it is still useful 

to study the adsorption of water vapor on silver iodide. 

A. silver iodide as free as possible from surface impurities 

is necessary to characterize the fundamental energetics of 

interaction of water vapor with the silver iodide surface. 

Once this basic study is made it is then possible to add 

known amounts of the impurities to the silver iodide and 

study their effect on the surface energetics. It was 

27 
Mason who first suggested that the initial step in a 

fundamental investigation would be to study the growth of 

ice crystals on well defined, clean faces of single crys

tals of silver iodide and the effects of altering their 

surface properties in a controlled manner. Because of 

the discrepancies in the literature it would not be too 

unexpected to find the energetics of the clean silver 

iodide surface and the silver iodide surface with impuri

ties to be appreciably different. However, although single 

28 
crystals are desirable, Nichols has shown that silver 

iodide particles are a mixture of cubic and hexagonal 

crystalline forms. 



II. STATEMENT OF THE PROBLEM 

In view of the difficulties in interpreting previous 

results, it was felt that further studies of adsorption of 

water vapor on silver iodide samples which were prepared in 

various ways would help clarify the situation. The initial 

study to be undertaken is the preparation of silver iodide 

by a method other than precipitation to eliminate the 

coprecipitated impurities. One possible way of accomplish

ing this is the direct reaction of silver and iodine in 

vacuum. The next study involved the adsorption of water 

vapor on both the vacuum prepared and precipitated silver 

iodide to determine if gross differences in adsorption did 

exist. On finding gross differences, the interaction of 

water vapor with the surface of the vacuum prepared silver 

iodide was studied. 

14 



III. THEORY 

A. The Solid Surface 

The most convenient type of solid surface to con

sider is the ideal surface. This surface would exist if a 

perfect crystal infinite in size was suddenly cleaved along 

one of its planes. The cleaved surface would be molecularly 

flat with each ion or molecule in its proper lattice posi

tion. Adsorption of a gas on this surface could and would 

occur at a large number of equal energy sites. With an 

ideal surface it would not be too difficult to theoretically 

estimate the forces of adsorption, calculate the Leonard-

Jones potential, and predict the heat of adsorption. 

However, real solid surfaces are not ideal. Real 

solid surfaces have grain boundaries, stacking faults, 

comers, edges and vacancies. These factors occur regard

less of the method of preparation. Even a pure substance of 

one crystalline form will have a number of different crystal 

faces showing at the surface. Silver iodide's bicrystalline 

forms, hexagonal and cubic, further complicate this problem. 

Real solid surfaces also contain interstitial and adsorbed 

molecules or ions. These factors depend on the method of 

preparation. Actions such as grinding and breaking cause 

stresses and strains in the crystal, which are reflected 

in the surface properties. 

15 
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Most real solids have heterogenous surfaces and the 

energy of adsorption of the first adsorbed molecules are 

usually much higher than that of the later molecules, since 

the higher energy sites are occupied first. With a hetero

genous surface it is exceedingly difficult to estimate the 

adsorption forces and calculate the heat of adsorption. 

Thermodynamic properties calculated from the adsorp

tion isotherms are those of the real surface the surface 

with all its imperfections in structure as well as any 

impurities in or adsorbed on the surface. However in 

interpreting the thermodynamic values for a possible 

mechanism of adsorption, the impurities are usually ignored. 

In many cases the adsorbate-adsorbent interactions are of 

such magnitude that the adsorbate-surface impurity inter

actions are insignificant and can be overlooked. However, 

because of the discrepancies found in the literature and 

because of the fact that silver iodide is known classically 

to be hydrophobic, it is quite possible that hygroscopic 

impurities on the surface play a major role in the adsorp

tion of the water vapor. 

Past work on the adsorption of water vapor on silver 

iodide has been done on material precipitated from aqueous 

solution. Corrin and Storm showed that silver iodide pre

pared by precipitation from aqueous solutions of silver 

nitrate and ammonium iodide gave off ammonium nitrate on 

mild heating under vacuum. It is reasonable to believe the 
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ammonium nitrate either coprecipitated with the silver 

iodide or was adsorbed on the silver iodide surface after 

precipitation or both. It is also possible that water 

molecules were occluded within the silver iodide crystal 

lattice and adsorbed on the higher energy sites of the 

surface, from which they will not readily desorb in vacuum. 

Adsorption isotherms measured on precipitated 

samples are characteristic of the silver iodide surface 

plus any surface impurities. Any surface thermodynamic 

properties calculated are therefore also characteristic 

of the same surface with impurities. The problem is to 

prepare silver iodide by a technique eliminating the 

impurities inherent in the precipitation technique. For 

this purpose a vacuum preparation technique was developed 

and used. Its advantages over the precipitation method are 

two: no counter ions to coprecipitate or to adsorb and no 

occlusion or adsorption of water during its formation. 

B. The Thermodynamics of the Surface 

The present understanding of the thermodynamics of 

physical adsorption systems is mainly a result of work by 

Hill 29,30,31, 32 and l¥er.tt< 33,34,35,36 present 

approaches treat the solid gas interface either with solu

tion thermodynamics as developed by Hill 30,37 or by 

introducing a surface excess density of gas molecules in 

the manner of Gibbs as developed by Guggenheim. 38,39 
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In the solution thermodynamics approach the surface encloses 

both the adsorbent and adsorbate. This combination of 

adsorbent and adsorbate is treated as a two component 

system in equilibrium with the unadsorbed gas. In the sur

face excess approach a dividing surface is introduced at 

the surface of the adsorbent and the adsorbed and unadsorbed 

gas are treated as a single system. This approach also 

37 implies an inert adsorbent. Although the two approaches 

vary in particular with regard to definitions of the 

thermodynamic properties, Hill^ has emphasized that these 

differences have no practical experimental significance. 

The approach taken in this paper is essentially that of 

the Gibbs excess. 

If the system is taken as the surface of the adsor

bent plus adsorbed gas molecules, the first law of thermo

dynamics can be written as: 

dEs » TdS8 - PdV® + u®dns + u£dn£ + ydA + L^deJ (1) 

Where: 
g 
E is the internal energy of the surface region 

T is the temperature 

Ss is the entropy 

P is the total pressure 

Vs is the surface phase volume 

uy is the chemical potential of the adsorbent 

n® is the moles of adsorbent in the surface 
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us is the chemical potential of the adsorbed gas 
A 
e 

n is the moles of adsorbed gas 
d 

Y is defined as 
SB t/8 y. S 8 A8 

» V ' n a> ny » °i 

2$^d0® represent any other work terms which con

tribute to the internal energy. 

To bring the above equation into a useful relation

ship, two simplifying assumptions are made. The first of 

these is that the other work terms which contributed to 

the internal energy are constant such that 

Even if these factors are not zero, they can be combined 

into the chemical potential realizing, of course, that now 

the chemical potential is a function of this variable. Also, 

in this sense the chemical potential would have a different 

meaning than one which excluded the extra variables. In 

most cases this is a valid assumption, as it is difficult 

to think of any additional work term such as a gravitational 

field or magnetic field which changes during adsorption. 

The second assumption assumes the adsorbent to be 

inert. By the inertness postulate the chemical potential 

of the adsorbent is taken to be constant during the adsorp

tion of the gas and all changes in the surface properties 

are attributed to the adsorbed gas. In using the Gibb's 

E§td«® = 0 (2) 
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surface excess approach the number of moles of the adsorbent 

in the surface area is zero* Thus, 

This second assumption may be questionable in the comparison 

of a thermodynamic entity calculated from a statistical 

model assuming an inert adsorbent with the same thermo

dynamic entity calculated from experimental data. However, 

in most cases of physical adsorption the approximation of an 

inert adsorbent is justified. 

To simplify the derivation the volume of the surface phase 

is considered so small that to a first approximation it 

can be taken as zero. Then equation (5) can be written 

s ,  8  n  Uydny = 0 (3) 

Substituting (2) and (3) into (1) gives: 

dEs = TdS8 - PdVs + u|dn® + ydA (4) 

Defining the free energy function as: 

GS = ES - TSs + PVS (5) 

Gs = Es - TSs (6) 

The differential of this function is 

dGs = dEs - TdSs -SsdT (7) 

By combining (7) and (4), the free energy is: 

dGs = -SsdT + u|dn| + ydA (8) 

(9) 
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The free energy of the gaseous vapor phase in 

equilibrium at pressure P and temperature T with the sur

face phase is written as 

dG8 « -SsdT + VsdP (10) 

The condition of equilibrium is 

(dGS) „ = dG8 (11) 

which can be shown through the Gibbs-Duhem relation to be 

the same as equating the chemical potentials. Substituting 

(9) and (10) into equation (11) gives: 

-SsdT « -S8dT + VsdP (12) 

rearranging gives: 

(Ss-Ss)dT = VsdP (13) 

assuming the gas to be ideal gives: 

(Ss-Ss)dT a dP (14) 

Placing the entropies on a molar basis and rearranging gives: 

dlnP = (SS-SE1 (15) 

dT RT K ' 

Since the restriction of this equation is at a 
s — s 

constant A and n&> S is called the differential entropy 

of adsorption. For a pure gas: 

S® = dS8 = S8 = S"8 (16) 
dn8 nS 

where S® represents the molar entropy which is the same as 

the differential entropy. Thus equation (15) can be written: 

dlnP _ (S8 - Ss) 
dT " RT 



The process of adsorption of water vapor on silver 

iodide is illustrated as follows: 

Where: 

STATE II (gaseous) 

T'PO'S2,H2 

AH, 

t 
AS, 

STATS III (expanded 
gaseous) 

T,Ps,HS,sS 

Vaporization 

Isotherm Expansion 

Adsorption 

A H. AS. AH, AS. 

STATE I (liquid) 

T>Po>Sl>Hl 
AHy 

AS, 

STATE IV (adsorbed) 

T,Ps,Ss,Hs 

H H H H o o 

s 
Agl surface with na 

moles water already 

adsorbed. 

T and n® have the same notation as before. a 

P0 is the saturation pressure of water at T. 

Ps is the equilibrium vapor pressure over a sample 

of Agl and n® moles of water adsorbed. 

The process involves the vaporization of water in 

Step 1, the isothermal expansion in Step II and the adsorp

tion on the silver iodide surface of constant area and 

adsorbed number of moles n^ in Step III. For the process 

in reference to the thermodynamic functions it is conven

ient for the adsorption of water vapor on silver iodide 



23 

to select the liquid water as the standard state. In the 

foregoing illustration this would be State 1. In going 

from State 1 to State IV, the change in enthalpy and 

entropy and be respectively written: 

AH4 +^H2 +AH3 (18) 

and 

now 

A S 4 = A S 1 + A S 2 + A S 3  ( 1 9 )  

AH l  (20) 

which is the heat involved in vaporizing one mole of water 

at temperature T and pressure P^. For an isothermal 

expansion of an ideal gas, 

AH2 = 0 (21) 

for the heat evolved when dn® moles are adsorbed at a 

constant n® and A, 

AH3 = -qst (22) 

Where qst is the isosteric heat of adsorption. Thus 

equation (18) becomes: 

AH4= (Hs - =41^ - qst (23) 

In considering equation (19) 

^^1 = " *]|~ (24) 

And for an isothermal expansion 

AS2 = -Rln(P/Po) (25) 

And for the condition of adsorption 

AS3 = 58 - S  6=^3 = ̂ t (26) 
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Substitution of (26) in (17) gives, 

dlnP _ Qst (27) 
dT RT 

Arrangement gives, 

"dlnp 

d I(T) 
qst (28) 

A,n« R 

A plot of InP versus 1/T at a constant n^ and A will 

yield the experimental value of the isosteric heat of adsorp> 

tion from its slope. Once the isosteric heat is obtained 

the differential entropy can be calculated as will be shown 

in the following. 

Substituting (24), (25) and (26) into equation (19) 

yields: 
_s AXy, 

4S4 = S - Sx « - f -  - Rln(P/Po) - q e t /X  (29) 

Rearranging yields: 

S B  - S = qst "*AHV - RlnX (30) 
1 T 

Where x equals P/PQ. 

Equation (30) allows the calculation of the differential 

entropy once the isosteric heat is known. 



IV. EXPERIMENTAL 

A. Production of Silver Iodide 

High purity silver and purified iodine were used 

to prepare the silver iodide by a direct reaction in vacuo. 

The silver source was Fisher Certified Reagent Precipitated 

Powder. The iodine source was Mallinckrodt reagent grade. 

The analysis of the two reactants is given in Table I, 

The iodine was further purified by degassing in vacuum to 

removed volatile impurities and then subliming in vacuum to 

removed nonvolatile impurities* 

The vacuum system used for the preparation of 

silver iodide is shown in Figure 1. The manipulation of 

this system utilizes break and collapse seals. The system 

is first assembled, pumped down to vacuum, and tested for 

leaks: then a sample of iodine is placed in Tube A and a 

twenty mole percent excess of the silver powder is placed 

in the reaction chamber. The high vacuum source consists 

of a mercury diffusion pump and a mechanical pump. A 

liquid nitrogen trap isolates the pump from the remainder 

of the system to prevent back-streaming of mercury and pump 

oil. Immediately after pumping for a period of five 

minutes the iodine is cooled to -78°Ct with a dry ice and 

acetone trap to prevent further sublimation. The vessel 

is pumped down until a pressure 1,0 x 10"^ mmHg or better 

25 
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is obtained on the ion gauge. This usually takes from one 

to two days. After obtaining vacuum, seal B is collapsed, 

and the vessel is inserted in an oven and heated to a 

temperature of 140°C. to carry out the reaction. Reaction 

completeness is assumed when the iodine vapor can no longer 

be visually detected in the system. The vessel is then 

reconnected to the vacuum system through break seal C and 
fi 

pumped down to a pressure 1.0 x 10 mmHg or better to 

remove any unreacted iodine. After pumping the reaction 

vessel is removed from the system under vacuum by collaps

ing seal D and is installed in the separation system, shown 

in Figure 2. 

B. The Separation Process 

After vacuum is obtained, the system is closed off 

by valves A, B, and C. Gaseous ammonia is then allowed to 

enter the system and condense in trap T which has been 

cooled to -78°C. with acetone and dry ice. Trap T contains 

metallic sodium to remove trace amounts of water from the 

condensed ammonia. 

After enough ammonia is condensed in trap T it is 

distilled into the reaction chamber by opening valve C and 

using acetone and dry ice baths. However, the temperature 

of the dry ice bath around the reaction chamber must be 

controlled above -77.7°C., the freezing point of ammonia, 

to prevent solidification of the ammonia-silver iodide 
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solution. When solidification occurs, care and effort must 

be used in melting to prevent excessive pressure in the 

system which would cause loss of ammonia through the blow 

out tube F, and more serious, to prevent bubbling at the 

solid liquid interface, which distributes the settled, 

unreacted silver powder uniformly through the solution 

volume. Four to six additional hours are then required for 

the silver particles to resettle from solution; a period in 

which refreezing of the ammonia solution is possible. 

Blow out tubes D and F prevent the attainment of 

pressure greater than atmospheric. The gold foil at the 

upper end of these tubes prevents the diffusion of mercury 

vapor into the system. 

After the unreacted silver powder has settled, a 

vacuum flask containing acetone and dry ice is placed 

around the receiving vessel. The coolant flask on the re

action chamber is partially lowered to cause a pressure 

differential to develop between the reaction vessel and 

the receiving vessel across the fritted glass disc E. 

The pressure head forces the silver iodide-ammonia solution 

through the fritted disc up the inner tube of the reaction 

chamber and into the receiving vessel leaving the unreacted 

silver powder behind. 

The critical point of the operation was the selection 

of a proper fritted glass disc, as the rate of flow of the 

solution through it depended initially on its porosity and 
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later on the size set by the particles of unreacted silver 

powder. The reaction vessel dimensions, the pressure 

gradient combined with the stress factor, and a few experi

mental runs set the optimum fritted glass disc diameter at 

10 mm and the porosity at medium. The medium porosity disc 

has a maximum pore diameter of 10 to 15 micron. The 

coarse porosity disc of 40 to 60 microns allowed passage 

of particles of the unreacted silver, while the fine 

porosity of 4.0 to 4.5 microns slowed the flow rate to the 

point where the ammonia distilled from reaction chamber 

side of the fritted glass disc into the receiving vessel, 

effecting no transport of the dissolved silver iodide. 

One of the more difficult problems in transporting 

the silver iodide-ammonia solution from the reaction vessel 

to the receiving vessel in the apparatus shown in Figure 

2 was the flash evaporation of the liquid ammonia on the 

upper and warmer parts of the transfer tubing. This left 

behind a white paste of silver iodide-ammonia complex which 

turned yellow on the removal of ammonia. 

Efforts to keep the transfer tubing cold by wrapping 

a cloth containing dry ice around it helped but were far 

from adequate. This problem was eliminated by redesigning 

the reaction and receiving vessels, as shown in Figure 3. 

Other parts of the extraction system remain essentially the 

same. Placing the receiving vessel below the reaction 

vessel eliminated the contact of the liquid ammonia 
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solution with the wamer parts of the system during trans

fer to the receiving vessel. After filtration, the excess 

ammonia was pumped off with a gas ballast pump and the 

silver iodide in the receiving vessel was sealed under 

vacuum by means of the collapse seals. 

Later the receiving vessel was opened and the Agl 

contents were placed in two smaller pyrex vessels which 

were inserted on a high vacuum system and pumped upon until 
* 

the ion gauge held at 1 x 10" mmHg or less for a period 

of four days. The seals leading to these vessels were 

collapsed leaving the silver iodide under vacuum during 

storage. 

C. Gross Vapor Adsorption Isotherms 

On completion of the preparation of the vacuum 

prepared silver iodide, it was necessary to run water 

adsorption isotherms to find if a gross difference existed 

between the vacuum prepared and precipitated silver iodide. 

This work was done jointly with H. W. Edwards. 

A volumetric system was used to measure the adsorp

tion isotherms and is shown in Figure 4. Helium was used 

to measure the dead space volume. Degassing of the silver 

iodide particles occurred at +30°C., and was continued 

for four days with an ion gauge reading of less than 1 x 

10 mmHg. Pressure measurements were made with the 

mercury manometer. In using the doser, caution was 
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necessary not to compress the water vapor beyond ideal gas 

behavior. Water which was distilled and deroineralized was 

used for the measurements. It was degassed under vacuum 

by first pumping on the liquid until it boiled, at which 

time a liquid nitrogen trap was inserted on the containing 

bulb. Pumping was then continued on the ice sample. After 

pumping for five minutes the sample was allowed to warm up 

to room temperatures, the ice allowed to melt and the 

process repeated three times. The observed saturation 

vapor pressure of 23.76 mmHg at 25°C. was identical to the 

value listed in the Handbook of Chemistry and Physics.^ 

The precipitated silver iodide was the same as was 

24 used by Nancy Storm. The adsorption isotherms are shown 

in Figure 5 and the experimental data given in Tables 11 

and III. The surface areas of both silver iodide samples 

were determined from krypton isotherms at liquid nitrogen 

temperature (76.9°K) utilizing the B.E.T. theory. These 

2 2 areas were .38 m /g and .35 m /g respectively for the 

precipitated and the vacuum prepared silver iodide. An 

attempt to apply the B.E.T. equation to the isotherms in 

order to determine a hydrophilic to hydrophobic site 

ratio was unsuccessful. 

Examination of Figure 5 definitely shows a differ

ence between the vacuum prepared silver iodide and the 

precipitated material at relative pressures above 0.5. 
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This is evidence that the surface characteristics of the 

precipitated and pure material are different. 

D. System for the Measurement of the Adsorption of Water 

Vapor on Silver Iodide 

After a definite difference between the vacuum 

prepared silver iodide and the precipitated silver iodide 

was shown, the next step was to design and build a system 

which would allow more precise measurements of the adsorp

tion of water vapor on the vacuum prepared silver iodide. 

From such measurements the energetics of the interaction 

of water vapor on silver iodide can be determined. 

A gravimetric system was decided upon using a Cahn 

Electrobalance to determine the weight change during 

adsorption. By setting and controlling the temperature of 

an ice sample, the equilibrium water vapor pressure which 

was also the pressure in the system was set, controlled, 

and varied. 

The experimental system can be best described by 

breaking it down into four parts: (1) the vacuum system, 

(2) the electrobalance, (3) the Agl temperature control 

bath and (4) the vapor pressure control bath. 

The vacuum system is shown in Figure 6. The system 

is pumped down by the mechanical pump to 5 microns, where 

it is isolated from the system and the ion pump started 

(Ultek Model 10-250), The i.on pump removes gas molecules 
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from the system by three interrelated phenomena: ionization, 

sputtering, and chemical combination. The ionization of 

gaseous molecules is initiated by impact with high energy 

electrons traveling across the high potential field, in 

this case 2300 volts, between the cathode and anode. A 

magnetic field produced by a permanent magnet on the ion 

pump causes the electrons to spiral in traveling from the 

cathode to the anode, thus, increasing the electron path 

and the probability of collision. A collision usually 

produces any one of three results: (1) gas ion plus an 

additional free electron, (2) metastable molecule, or (3) 

a gas atom (dissociated molecule). The positive gas ions 

are collected on the cathode. The sputtering involves 

the depositing of titanium atoms on the anode surface, 

where chemical combination with active gas atoms such as 

oxygen and nitrogen occurs. Chemically inert gases are 

removed by ion burial in the cathode and by plastering with 

titanium on the anode. 

The trap inserted between the pump and the system 

is cooled with liquid nitrogen to prevent diffusion of pump 

oil into the system during starting. The joints around the 

ion pump are stainless steel flange seals with copper 

gaskets. The vacuum bottle has four Viton 0-ring connections. 

To maintain a high vacuum the 0-rings were lightly greased 

with Apiezon L, a sealant. The vapor pressure of the Viton 

0-rings is 1.0 x 10~^ mmHg. The vapor pressure of Apiezon L 
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is 1,0 x 10"® to 1.0 x 10"^ mmHg. The remainder of the 

system was built of pyrex glass. After pump down the system 

would retain a vacuum as measured by the ion gauge of 2.0 

x 10"^ mmHg for two weeks at which time the test was ended. 

Mercury was avoided in the system. The valves to the ion 

pump and the floor pump were high vacuum bellows sealed 

valves. 

The amount of water adsorbed on the surface of the 

silver iodide sample was detected by a Cahn Electrobalance. 

The electrobalance has a sensitivity of one microgram in a 

gram sample. For a silver iodide sample having an area of 

one square meter per gram, a change of 0.3% of a monolayer 

could be detected, assuming the area of a water molecule 

o 2 
to be 10.2 A . The water monolayer capacity is 300 

micrograms. 

The electrobalance is based on the null-balance 

principle which is one of the most accurate and reliable 

methods of measurement. It can be thought of as a highly 

sensitive galvanometer with a sample weight, tare weight, 

and flag for a photo-electric cell balanced on the pointer 

arm. A change of sample weight causes a displacement of 

the flag allowing the photo-electric cell to see more or 

less light which results in a change in the amount of cur

rent flowing to the servo amplifier circuit. The servo 

amplifier reacts by changing the current flowing to the 

balance arm coil, which is in a magnetic field. The 
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change In coil current causes a force which restores the 

beam to its original position. By Ampere's law, the 

electro-magnetic restoring force is exactly proportional to 

the current which caused it. The balance is calibrated in 

place for the weight change range over which it is to be 

used. A more detailed discussion of the Cahn R G Electro-

balance principle and operation can be found in the 

literature,^965 Ericson and Kirsten^ studied the 

uses of the Cahn Electrobalance on the microgram scale. 

They found that at the maximum sensitivity the noise level 

and zero point drift, because of vibration and occasional 

shaking, were considerable. To eliminate the recorder 

noise level and zero point drift an elaborate mounting 

system was designed in which the vacuum pumps were mounted 

in the adjoining room. With this new system the zero 

point drift was less than 0.0l)Ag per hour. 

In initially testing with a vacuum grid mounting 

the recorder noise was appreciable and the zero point 

drift sporadic. The final mounting was on a heavy wooden 

table with an inch of newspaper to act as a shock absorber 

bwetween the table and a one inch thick steel plate on its 

top. The table was placed in a box filled with sand to 

muffle vibrations from the floor. The recorder noise was 

greatly reduced and the zero point drift settled down to 

linear changes from less than .01 )x g. per hour to . 2^g. 
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per hour. These drifts were probably a result of the 

vibrations in the system caused by two stirrers which 

were necessary for the constant temperature baths. 

A Superior Stabline voltage regulator stabilized 

line voltage to the electrobalance power unit. Additional 

filter capacity in the form of 140 microfarads of mylar 

capacitor was necessary to further smooth the recorder 

signal. The recorder was a Leeds & Northrup Speedomax 

H utilizing a millivolt full range scale. Measurements of 

zero point drift over a period of four to seven days led 

to calculated standard deviation ranging from + l/ag. to 

+ 3^ig. with a + 2 jug. as average. Once the drift was 

measured it was considered constant for the run. The 

Cahn Electrobalance has been successfully used in vacuum 

44 45 46 47 mountings by a number of authors. » » » ' 

The experimental apparatus for the Agl temperature 

control bath is shown in Figure 7. The principle of con

trol is simple. It involves countering a rate of cooling 

with a rate of heating until a steady state constant 

temperature is reached. By varying one of the rates the 

steady state temperature is changed. A Sargent Water Bath 

Cooler range -26°C. to room temperature provides the 

coolant. A mercury thermoregulator in the Agl bath con

trols the bath temperature to + 0.01°C. Temperature 

measurements in the bath were made with a Philadelphia 



To Cooler 
4 C 

> I 
From Cooler 

Heating Element-

Stirrer 

Vacuum Flask 

Figure 7. Constant 

and Electrobalance 

Thermometer 

Mercury Thermoregulator 

Ethylene Glycol 

Ag I 

Cooling Coil 

Sample 
•p* 
to 



43 

Differential thermometer calibrated by a platinum resistance 

thermometer. This was done for each temperature at which 

an adsorption isotherm was measured. Slopes of the 

calibration plot were unity. 

The bath for controlling of the water vapor pressure 

in the system is shown in Figure 8. Dry ice mixed with 

isobutyl alcohol provided the cooling source. Building the 

insulated box and placing the dry ice around the insulated 

stainless steel flask allowed the interval of attendance to 

be increased from four hours to ten hours, k thermistor 

and heater connected to the Sargent Thermomiter Unit 

(Model S) was used for temperature control. The thermistor 

had a range of 0°C. to -50°C. and was sensitive to a 

+ 0.05°C. in the higher range and + 0.02°C. on the lower 

range, A manostat controlling the pressure in the vacuum 

flask permitted a rough control of the rate of heat trans

fer from the cold isobutyl alcohol and dry ice source to 

the inner isopropyl alcohol bath. Temperature measure

ments were made with a platinum resistance thermometer 

(Rosemount Engineering Company; Serial Number 47) which was 

calibrated by the Bureau of Standards. 

The resistance of the platinum thermometer was 

measured on a Wheatstone bridge utilizing a G-l Leeds & 

Northrup Mueller Temperature Bridge and a Keithley Model 

150A microvolt ammeter as the null detector. The microvolt 
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ammeter was sensitive to changes of 2.0 x 10"^ amperes. 

A constant current of 2 miLLiamperes flowed through the 

platinum resistance thermometer for all temperature 

measurements. This was done with a slight modification of 

the circuit using a milliammeter and a couple of variable 

resistors. Once the temperature was set and controlled, 

the equilibrium vapor pressure above the ice sample can be 

calculated from an equation of state. 

The diameter of the vacuum system connecting tubing 

going to the ice sample was 40 mm in diameter. Even with 

40 mm diameter tubing no measurements were made at pressures 

less than 40 microns to avoid thermal transpiration effects. 

At -16°C. and a pressure of 40 microns, the mean free 

path of water molecule is approximately 1 mm, so the 

diameter of the tubing is 40 times greater. It is only 

when the mean free path is about the same as the tubing 

diameter that thermal transpiration effects must be 

accounted for. 

E. Experimental Procedure 

The silver iodide was prepared by the method 

already described. The evacuated container of silver iodide 

was broken open in a dry nitrogen atmosphere, transferred 

to a red Erlenmeyer flask and stored in a vacuum desiccator. 

The water for the adsorption studies was prepared from 

distilled water by redistilling in a quartz system with 
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oxygen aeration. In the vacuum system the water was pumped 

on until it reached its natural boiling point and then 

frozen with liquid nitrogen. The system was allowed to 

warm, the ice melted and the operation repeated two more 

times. After the third time, the ice was transferred by 

sublimation from bulb B, Figure 6 to the bulb in the control 

bath. 

The electrobalance was calibrated on the 10 milli

gram range. The calibrating weights (a gram plus five 

milligrams) were replaced with almost an equal amount of 

silver iodide sample. Care had to be taken in placing the 

silver iodide sample in the hang down tube to prevent the 

build up of static electricity. When this phenomena did 

occur the only recourse was to let the system alone until 

it decayed. Since the sample had to be placed on the 

balance only once for each isotherm this was not a major 

problem. 

The system was then closed, pumped upon and tested 

until a pressure of 2.0 x 10 mmHg could be held for at 

least three days. During the pump down the ice sample 

was kept at liquid nitrogen temperature. Upon holding 

vacuum, isopropyl alcohol and dry ice replaced the liquid 

nitrogen around the ice sample and zero point measurements 

started. Adsorption data was not taken until the zero 

point drift remained constant or linear over a period of 

four to five days. 



47 

Following the stabilization of the zero point the 

pressure in the system was set by the temperature of the 

dry ice bath and change of weight was read from the re

corder connected to the Cahn unit. Upon settling the 

control on the ice sample, the temperature is measured with 

the platinum resistance thermometer. The temperature of 

the ice sample remained constant to + .02°C. over the 

period of time which was allowed for adsorption equilib

rium. The equilibrium vapor pressure above the ice and 

thus, the water vapor pressure in the system was calculated 
AO 

from the following equation: 

log P^ = 1.207 + 3.857 log T - 3.41 x 10"3T (31) 

+4.875 x 10"8 T2 - 2461 
T 

Where P^ is the pressure in mmHg, the temperature 

in degrees Kelvin and the log to the base ten. In deriving 

the equation, Dushman used the relationship between the 

pressure and the expression for the free energy of the 

49 
sublimation of ice as reported by Kelley. The equation 

which is in Dushman^ book has the third term on the right 

side of the equation positive. On checking the equation 

the sign of the third term was found to be in error and is 

shown correctly in the above equation. The adsorption data 

are summarized in Table V for -3.24°C., in Table VI for 

-9.19°C. and in Table VII for -16.07°C. 



V. RESULTS 

A. Properties of Silver Iodide Prepared by the Vacuum 

Technique 

The silver iodide prepared by the vacuum technique 

had some interesting properties. On prolonged exposure to 

light it retained its normal color with no signs of dark

ening. A portion of the initially prepared silver iodide 

in the stammer of 1963 has remained exposed to light on a 

shelf in the laboratory into the summer of 1966 without 

darkening. This is in agreement with the work of Moser, 

Nail, and Urbach"^ who studied the absorption spectrum of 

silver chloride containing known amounts of copper ion as 

an impurity and found that the greater the amount of impur

ity the greater the absorption and darkening of the sample. 

An X-ray powder diffraction pattern showed the vacuum pre

pared silver iodide to be of the same crystal stiructure as 

the precipitated material. 

Since the extraction step involved the use of 

liquid ammonia, some concern over how remaining ammonia may 

53 
effect the product is warranted. Blitz and Stollenwerk 

have shown that the equilibrium vapor pressure of ammonia 

over the stablest silver iodide-ammonia complex (AgI*0.5NHg) 

is about 30 mmHg at 20°C. Since the silver iodide sample 

was degassed at pressures of lower than 1 x 10"^ mmHg for 

48 
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a period of more than two days, it is apparent that the 

complex has completely decomposed, and it is unlikely that 

any of the physically adsorbed ammonia remains on the sur

face, Upon opening the vacuum sealed silver iodide con

tainer after a storage of five months no odor of ammonia 

could be detected. Even with heating a sample of the silver 

iodide no odor of ammonia could be detected. This is in 

agreement with the work of Corrin and Storm,^ 

B, Gross Isotherm Measurements 

The data for the net water adsorption measurements 

on the precipitated and vacuum prepared silver iodide are 

given in Tables II and III. Figure 5 shows the amount 

adsorbed in molecules per square centimeter versus the 

relative pressure. Relative pressure measurements above 

0.7 were not make because of the nonideality of the water 

vapor at pressures near the saturation pressure. The amount 

of water adsorbed on the walls of the system was appreciable 

and a blank isotherm was run on the system in absence of the 

silver iodide. The results plotted in Figure 5 are the net 

isotherms or the difference between the total amount of 

water adsorbed in the system with the silver iodide and 

the amount adsorbed by the blank system. The gross adsorp

tion and the blank correction data are also given in Tables 

II and 111. The blank isotherm was described analytically 

by the Langmuir adsorption equation. 
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The vertical Lines on the plot represent the prob

able error in measurement* Inspection of Figure 5 shows a 

gross difference between the precipitated silver iodide 

containing hygroscopic impurities and the vacuum prepared 

material at relative pressures greater than 0.5. For 

relative pressures below this value, the data is not accu

rate enough to draw any conclusion. The specific surface 

area of the two samples were determined by the B.E.T. 

relationship on krypton adsorption isotherms with the para

meter that were previously mentioned by Corrin and Storm. ̂  

The specific surface areas for the vacuum prepared and 

precipitated silver iodide were 0.38 m^ g"*" and 0.30 m^ 

g"3, respectively. Attempts to calculate the B.E.T. mono

layer for the water adsorption in order to obtain a ratio 

of hydrophilic to hydrophobic sites, as was done by 

Zettlemoyer, Tcheurekdj ian and Chessick^'^"* and Hall and 

Tompkins could not be carried out as neither isotherm 

yielded a B.E.T. straight line. 

The results of this work led to several possibilities 

for further studies. The first might be to investigate with 

a more precise system the adsorption of water on the vacuum 

prepared silver iodide, with the hope of calculating some of 

the thermodynamic properties of the surface from the results. 

Another might be to add hygroscopic impurities of known 

amounts to the vacuum prepared silver iodide and measure the 

change in the adsorption of water vapor, and relating this 
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to the change in the surface properties as a result of the 

added impurity, A third might be to investigate the adsorp

tion of some other adsorbate on the vacuum prepared silver 

iodide with the intent of determining a possible mechanism 

of adsorption. The investigation in this dissertation 

concerns itself only with the first of the possible studies. 

C. The Adsorption of Water Vapor on Silver Iodide Prepared 

in Vacuum 

For ̂ his Becond set of measurements of water vapor 

adsorption on silver iodide a new lot of vacuum prepared 

silver iodide was selected because of an insufficient 

remainder of the lot upon which the gross measurements were 

made. The new lot selected was prepared by Benjamin Colley 

and Barry Rosenthal in September of 1965, The material was 

bright yellow in color and had the same resistance to photo-

lytic decomposition as the previous sample. The lot also 

had a very fluid pourable texture similar to a solid 

fluidized catalyst. 

Surface area measurements were made on two portions 

of the lot which were stored separately for that purpose. 

The B.E.T. relation was applied to krypton adsorption at 

76.9°K using as parameters 3.89 mmHg for the saturated vapor 

pressure of kryton and 18.2A°^ for the area occupied per 

krypton molecule. Krypton adsorption and B.E.T. data are 

shown in Table IV. Figure 9 shows the B.E.T. plot based on 



52 

Sample I = o 
Sample 2 = © 

fo = 3.89 mm Hg 

.25 

.20 

.15 

CL 

Slope =4.79 

.05 

lntercept= .129 

.30 .20 .10 0 

Relative Pressure 

Figure 9. B.E.T. Plot of Krypton on Agl at 76.9° K. 
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a gram sample for both materials. Inspection of the figure 

shows a straight line. The surface area of .993 m /g for 

the silver iodide was determined from the application least 

mean square technique to the data in Table IV. Since the 

B.E.T. technique is only accurate to about 3%, the surface 

2 -1 area of the silver iodide was taken as 1.00 m g in the 

remainder of the dissertation. 

The data for the adsorption isotherms of water on 

silver iodide is given in Tables V, VI, and VII for temper

atures of -3.24°C., -9.19°C. and -16.07°C. respectively. 

Measurements were made in this range to correspond to 

actual cloud temperatures experienced in cloud seeding. The 

threshold temperature (the temperature at which aerosol 

particles of silver iodide nucleate ice particle formation) 

is about -5°C."^ Figures 10, 11 and 12 show the amount of 

water adsorbed in cubic centimeters at STP per gram Agl 

versus the pressure for the respective temperatures. 

The curve in Figure 10 was determined from adsorp

tion measurements on four different samples of silver iodide 

from the same lot. The reproducibility of the curve from 

the four samples is evidence that the silver iodide lot is 

well mixed and any sample drawn from it is characteristic of 

the whole lot. 

In attempting to measure desorption points the rate 

of desorption was found to be exceedingly slow. This could 

be expected because of the high heats of adsorption which 
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Figure 10. Adsorption of H2O on Agl at -3.24°C. 
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Figure II. Adsorption of HgO on Agl at -9.19° C 
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Figure 12. Adsor p t ion of H£0 on Agl at -I6.07°C. 



57 

will be shown later. Because of the slow rate, it was not 

experimentally feasible in teems of zero point drift and 

possible loss of the zero point due to bumping, electrical 

failure, or similar effects to make meaningful desorption 

measurements. At the initial rate of desorption, the time 

interval to each equilibrium would have been a month at the 

minimum. In calculating the thermodynamic properties, the 

assumption was made that the curve would be reversible, 

given enough time. 

The adsorption isotherms at -9.19°C. and -3.24°C. 

are a Type II in the B.E.T. classification. The isotherm 

at -16.07°C., although a B.E.T. Type II, does not fit 

smoothly into this classification because of an almost 

linear section from a pressure of 0.2 to 0.8 mmHg. 

In order to determine the ratio of hydrophilic 

sites to hydrophobic sites, the B.E.T. relation was ap

plied to the three isotherms. The result of the calcula

tions are shown in Table VIII. A plot of the B.E.T. 

relation given in Table VIII is shown in Figure 13. From 

an inspection of Figure 13 it is obvious that at -16.07°C. 

the B.E.T. plot does not yield a straight line. As a 

result no estimation of the monolayer capacity from the 

B.E.T. relation was attempted at this temperature. Even 

the plot for -9.19°C. shows some curvature with careful 

inspection. The slope values for successive points of 
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Figure 13. 8.E.T Plot of H20 on Agl at -3.24°C, -9.I9°C, and-I6.07°C 
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the B.E.T. relation are also given in Table Vlll. Points 

of the -9.19°C. isotherm show a gradual decrease with 

increasing relative pressure. This is characteristic of a 

curve not a straight line. For the -3.24°C. isotherm the 

slope analysis shows an increasing slope for an increasing 

relative pressure. 

Even though not applicable, if the B.E.T. relation 

is applied to -3.24°C. and -9.19°C. results, the water mono

layer capacity turns out to be .0325 and .051 cc at STP 

respectively. Calculation of the area occupied per water 

molecule yeilds values of 90°A^ for -3.24°C. and 70°A^ 

for -9.19°C. The ratios of hydrophilic to hydrophobic 

sites for the two temperatures are 1/9 and 1/7 respec

tively. 

With the use of equation (28) the isosteric heats 

were determined as follows: the data points listed in 

Tables V, VI, and VII, were plotted and a smooth curve 

drawn through the points. The pressures corresponding to 

various constant coverage values were taken from these 

curves and are listed in Table IX. The logarithm for each 

pressure is also given. Some of the adsorption isosteres 

plotted from these values are shown in Figure 14. An 

attempt to show all the adsorption isosteres in Figure 14 

would have resulted in a loss of clarity. All plots of the 

adsorption isosteres yielded straight lines within experi

mental error. 
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From the adsorption isosteres the isosteric heat of 

adsorption was calculated by taking the logarithms of the 

pressure at reciprocal temperature values of 3.72 x 10" 
Q 

and 3.88 x 10 for each adsorption coverage and substi

tuting them in the integrated form of equation (28), which 

is given as follows: 

-'-0Sin >̂9 " 

i -

= 2.303R (32) 
st  (l/T, - 1/T,) 

The selected pressure logarithm values along with 

the calculated isosteric heat of adsorption and estimated 

probable error is given in Table X. The error analysis is 

based on the standard deviation of the zero point drift of 

the electrobalance. An average for this value is near 

+.002 cc at STP. Thus the error was estimated in reference 

to points .002 cc at STP higher and lower than the constant 

coverage value and the pressures corresponding to these 

new values were selected from the isotherms. This method 

tends to show larger errors in regions in which the slope 

and pressure are small. 

The isosteric heat of adsorption is shown along with 

its probable error estimate in Figure 15. Note that by 

this method of error calculations the error above and below 

a point are not equal but depend on the curvature of the 

adsorption isotherm. From Figure 15 it can be seen that the 

isosteric heat at low coverages decreases to a minimum of 
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15 Kcal/mole then, climbs to a maximum of 22.4 Kcal/mole 

where it then drops dovm and tapers off toward the heat of 

vaporization of supercooled water. For all points of 

adsorption the isosteric heat is greater than the heat of 

vaporization even including the maximum error estimate. 

The differential entropy of adsorption was calcu

lated from equation (29) and is given in Table XI for 

-9.19°C. A plot of this data is shown in Figure 16. 

Calculated values of the differential entropy for the 

temperatures of -3,24°C. and -16.07°C. are given in Table 

XII along with values for -9.19°C. Examination of this 

table will show that the differential entropies for the 

three temperatures are essentially the same. Although some 

variation in the entropy is expected with temperature, in 

this case it is small compared to the magnitude of the given 

values. Examination of the differential entropy in Figure 

16 shows a curve maximum of approximately -11 e.u. at a 

coverage of .030cc at STP. The curve next decreases in 

entropy to a minimum value of -41.2 e.u. at a coverage of 

,050cc STP and then climbs steadily towards the entropy of 

the supercooled liquid. 



—J I 1 I 1 I I I I 

.02 .04 .06 .08 .10 .12 .14 .16 .18 

Vac/(cc at STP) 

Figure 16. The Differential Entropy of Adsorption of H2O on Agl 
a> 



VI. DISCUSSION AND INTERPRETATION OF RESULTS 

A. Vacuum Prepared Silver Iodide 

The stable photolytic nature of the vacuum prepared 

silver iodide indeed indicates that it is relatively free 

of impurities. The method of preparation which exposed 

the silver iodide to as few sources of impurities as 

possible is another good argument as to its pure nature. 

An excess of one of the common ions is not probable, as the 

direct reaction of another component other than silver and 

iodine is required for electrical neutrality. Physically 

adsorbed ammonia is probably all pumped off in the degass

ing step before storage. At pressures of less than 1 x 

10"^ mmHg the mean free path is greater than the diameter 

of the storage vessel, and the probability that once an 

ammonia molecule desorbs from an adsorption site another 

one will adsorb on the site is small. However, the prob

ability that a molecule would leave an adsorption site over 

a period of four days of pumping is indeed great for 

physically adsorbed molecules. Although it would have been 

interesting to further pinpoint the characteristics of the 

vacuum prepared silver iodide, the purpose of this research 

was to determine the interaction of water vapor with its 

surface once feeling reasonably sure a pure produc>t had 

been produced. 

65 
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B. The Gross Isotherm Measurements 

The purpose of the water adsorption measurements on 

the vacuum prepared and precipitated silver iodide was to 

determine if a gross difference existed between the two 

preparations. The precipitated silver iodide is known to 

contain hygroscopic impurities. The vacuum prepared mate

rial is void of such impurities. A. study of Figure 6 shows 

really little or no difference between the two isotherms 

for relative pressure lower than 0.5. However, above 0.5 a 

difference is obvious. The sharply increasing isotherm of 

water on precipitated silver iodide at values above a 

relative pressure of 0.5 is characteristic of cluster 

formation and interaction of the adsorbate molecules. This 

can be interpreted by assuming that the surface impurities 

form nucleating centers for water molecules, about which 

cluster formation occurs at the higher relative pressures. 

C. Adsorption of Water Vapor on the Vacuum Prepared Silver 

Iodide 

The statistical water monolayer coverage, as calcu

lated from the krypton B.E.T. surface area, is .36 cc at 

STP. Only at the higher relative pressure values, .85 to 

.90, was this amount of water obtained. From this surface 

of the silver iodide can be concluded to be hydrophobic. 

This is in agreement with work done by Zettlemoyer, 

25 
Chessick, and Tcheurkdjian. 
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The adsorption isotherms of water on silver iodide 

were a Type II in the B.E.T. classification. This type has 

also been obtained from water on silver iodide by other 

21 25 
workers. » However, attempts to calculate the B.E.T. 

monolayer capacity of water from these isotherms seem to 

leave a question as to exactly what the calculated value 

means. The data in Table VIII show none of the B.E.T. 

plots to be straight lines. Silver iodide has been 

22 classified as having an intermediate energy surface, 

and it has been suggested that such a surface could be 

characterized by comparing the apparent water specific 

surface area to the nitrogen area. For the isotherm at 

-16.07°C. a B.E.T. area could not be logically obtained. 

For the temperatures of -9.19°C. and -3.24°C. a B.E.T. 

area can be calculated from a least mean square method 

utilizing all points, as no good valid reason existed 

for throwing one out. This technique gives values for the 

monolayer capacity of water at -9.19°C. and -3.24°C. of 

.050 and .032 cc at STP respectively. These values 

correspond to hydrophobic sites to hydrophilic site 

ratios of 1/7 and 1/9 respectively. This implies that the 

hydrophobic to hydrophilic site ratio varies with temper

ature. 

If an intermediate energy surface is to be 

characterized by the ratio of the nitrogen to the water 

statistical monolayer, a better choice to determine the 
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value of the water monolayer would be to select the minimum 

in the differential entropy curve. For nitrogen adsorp

tion the B.E.T. and the entropy minimum values are equiva

lent. For water adsorption they are not, as shown by the 

variation of the B.E.T. statistical monolayer with tempera

ture. Inspection of Table XII and Figure 16 shows the 

differential entropy curve to have a minimum for all three 

isotherms at approximately .050 cc at STP. This would 

also allow a site ratio calculation for the -16.07°C. 

isotherm, where the B.E.T. equation does not apply. In 

using the minimum in the differential entropy the hydro-

philic to hydrophobic ratio is 1/7 and does not vary with 

temperature. 

Figure 14 shows the adsorption isosteres. The 

lines are all straight within experimental error. There

fore, no phase change is evident. This is in agreement 

21 25 
with others 9 for this temperature range. However, for 

larger temperature ranges -20°C. to +30°C. a phase change 

has been reported by Moskuitin, Dubinin, and Sarakhov 

at 0°C. while Zettlemoyer and others^** showed no phase 

change. 

Figure 15 shows the isosteric heat of adsorption. 

The initial decrease in the heat is characteristic of a 

heterogenous surface where the higher energy sites are 

occupied first, releasing an amount of heat greater than 

the amount released by the next increment of adsorbed 
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molecules. The sharp increase to the maximum at 22.5 Kcal/ 

mole is characteristic of lateral interaction between the 

adsorbed molecules. The difference between the maximum and 

minimum is 6.4 Kcal per mole of water adsorbed. This is 

apprxoimately 60% of the heat of vaporization of water. 

After reaching the maximum the isosteric heat tapers off 

toward the heat of vaporization. 

Figure 16 shows the differential entropy curve. 

The initial increased to -10.7 e.u. below the entropy of 

the supercooled water could be characteristic of more free

dom of movement of the adsorbed water molecules on the sur

face as the adsorption site energy decreases. The sharp 

decrease in the differential entropy to -41 e.u, at a water 

coverage of about ,05 cc at STP corresponds to the most 

highly ordered state of the adsorbed water on the silver 

iodide surface. This could also be thought of as the con

figuration in which the number of possible arrangements of 

the adsorbed water molecules on the silver iodide surface 

is a minimum. 

Both the isosteric heat of adsorption and the 

differential entropy of adsorption could be explained by 

the following assumption about the silver iodide surface. 

The silver iodide surface is mainly hydrophobic but con

tains a number of hydrophilic sites. The hydrophilic 

sites occur in patches or areas on the silver iodide 
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surface. These patches could possibly consist of certain 

crystal faces of either the body centered cubic or hexa

gonal structure. They could also possibly be imperfections 

in the surface or grain boundaries. Most likely the patches 

are a combination of these factors. 

Figure 17 shows the plot of amount of water adsorbed 

versus relative pressure for the three isotherms. An 

examination show that at the same relative pressure more 

water vapor is adsorbed at the lower temperature. For such 

a plot the isosteric heat of adsorption is always higher 

than the heat of vaporization. Tcheurekdjian, Zettlemoyer 

and Chessick found the isosteric heats to be less than 

25 
the heat of vaporization, with values around 8 Kcal/mole. 

Coulter and Candela report isosteric heats near 11 Kcal/ 

mole.^ 

Since the samples used in their work were prepared 

by precipitation from solution, it is tempting to postulate 

that the difference between the high values of the isosteric 

heat obtained in this work, 21.5 Kcal/mole, and their lower 

values, 8 to 11 Kcal/mole, obtained with the precipitated 

samples, is heat used in partially solvating the impurity 

ions on the silver iodide surface. 
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VII. CONCLUSION 

Silver iodide free of hygroscopic impurities has 

been prepared. The gross measurements for water adsorption 

showed a definite difference between the vacuum prepared 

and precipitated silver iodide. More precise measurements 

of the interaction of water vapor with the surface of the 

vacuum prepared silver iodide show the isotherms to be 

Type II in the B.E.T. classification. The application of 

the B.E.T. relation to these isotherms to determine a water 

adsorption monolayer gives values of questionable meaning. 

If it is desirable to determine the number of hydrophilic 

to hydrophobic sites, the minimum in the differential 

entropy curve is a better choice for determining the hydro

philic sites. The amount of water vapor adsorbed for rela

tive pressures under 0.7 was well under the statistical 

monolayer capacity. The adsorption isosteres show no phase 

change in the -3.24°C. to -16.07°C. range. 

The initially adsorbed water molecules are strongly 

adsorbed with isosteric heat values ranging 4 to 10 Kcal/ 

mole above the heat of vaporization. The large negative 

values of the differential entropy indicate that the 

adsorbed molecules have little freedom of movement on 

the surface. The isosteric heat of adsorption and the 

72 



differential entropy of adsorption curve shapes can be 

explained in terms of a silver iodide surface which is 

mainly hydrophobic but has patches of hydrophilic sites. 
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TABLE I 

Analysis of Reactants 

A. Silver 

Substance 

CI 

Fe 

Cu 

so4 

Other Heavy 
Metals 

Weight Percent 

.005 

.002 

.0005 

.008 

.002 

B. Iodine 

Substance 

CI and Br 

Nonvolatile 
Hatter 

Weight Percent 

.005 

.010 
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TABLE II 

Data for the adsorption of water vapor on the vacuum 

prepared silver iodide at 30°C. 

Relative Volume Adsorbed ( cc at STP)/« Molecules 
per cm* 

Est. 
Pressure 

*/*<> 

Total 
Volume 

Blank 
Volume 

Net Volume 
on Agl 

Molecules 
per cm* Error 

±% 

.021 

.035 

.00187 

.00441 

.0031 

.0041 

.021 

.035 

.00187 

.00441 

.0031 

.0041 .00041 3.10 50% 

.050 .00783 .0048 .00303 22.93 11% 

.077 .00938 .0064 .00298 22.55 12% 

.091 .0105 .0072 .00330 24.98 15% 

.111 .0120 .0082 .00347 29.14 14% 

.193 .0123 .00801 .00429 32.46 14% 

.242 .0140 .00821 .00584 44.20 14% 

.286 .0162 .00834 .00786 59.49 13% 

.334 .0184 .00844 .00996 75.40 11% 

.390 .0194 .00852 .0108 81.98 10% 

.409 .0204 .00855 .0118 89.69 11% 

.450 .0203 .00860 .0117 88.56 11% 

.500 .0206 .00864 .0120 90.52 13% 

.536 .0253 .00867 .0166 125.86 , 11% 

.624 .0262 .00873 .0175 132.23 11% 

.691 .0278 .00876 .0190 144.10 10% 

Area of i sample = . 30 m*/g 

PQ =31.8 mmHg 
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TABLE III 

Data for the adsorption of water vapor on silver 

iodide prepared by precipitation at 30°C. 

Relative Volume Adsorbed (cc at STP)/g Molecules Est. 
Pressure Total Blank Net Volume per cm^ Error 

Volume Volume on Agl +% 

023 

040 

.00276 

.00536 

.0033 

.0042 .00121 8.6 23% 

056 .00667 .0052 .00147 10.5 19% 

068 .00772 .0059 .00182 13.0 19% 

087 .00930 .0071 .00220 15.7 19% 

115 .01025 .0081 .00215 15.3 20% 

186 .01054 .00798 .00256 18.2 19% 

232 .01156 .00818 .00338 24.1 20% 

274 .01598 .00831 .00767 54.7 12% 

386 .01798 .00852 .00946 67.4 13% 

469 .02813 .00861 .01952 139.1 7% 

530 .03521 .00867 .02654 189.2 6.2% 

577 .04417 .00870 .03547 252.8 5.2% 

623 .05089 .00873 .04216 300.4 5.0% 

Area of sample = .377 m^/g 

Pc = 31.8 mmHg 
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TABLE IV 

•j" 

Krypton Adsorption on the Vacuum Prepared Silver Iodide for 

Surface Area Determination 

Sample 1: Data per gram PQ =: 3.88 mmHg 

p 

mmHg 

p/p0 
< 

Vad/S 
cc at STP V(PQ - P) 

.299 .077 .159 .522 

.545 . 140 .201 .810 

.621 .160 .209 .910 

.905 .233 .233 1.180 

.989 .254 .262 1.354 

Sample 2: Data per gram 

P 
mmHg 

P/Po Vad/S 
cc at STP 

P 
V(PQ - P) 

.160 .041 .153 .281 

.508 .131 .171 .726 

.611 .157 .206 .852 
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TABLE V 

Adsorption of Water Vapor on Vacuum Prepared Silver 

Iodide at -3.24°C. 

Sample 
Number 

Amount adsorbed per gram 
in in Pressure 

micrograms cc at STP mm Hg 
P/P ow 

Sample 1 28.2 

32.1 

41.7 

50.0 

57.0 

55.4 

61.5 

65.1 

86.9 

101.8 

128.4 

174.6 

.025 

.040 

.052 

.062 

.071 

.069 

.077 

.081 

.108 

.127 

.160 

.217 

.204 

.924 

1.565 

1.754 

1.860 

1.906 

2.063 

2.189 

2.320 

2.438 

2.696 

3.051 

.0567 

.256 

.434 

.486 

.515 

.528 

.571 

.606 

.643 

.675 

.747 

.845 

Sample 2 6.7 

12.4 

24.3 

28.8 

.0084 

.0154 

.0303 

.0358 

.0753 

.152 

.267 

.527 

.0208 

.0421 

.0740 

.146 



TABLE V— Continued 
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Sample 
Number 

Amount adsorbed per gram 
in in Pressure 

micrograms cc at STP mm Hg 
P/P ow 

Sample 3 

Sample 4 

Sample 5 

3.5 .0043 .038 .0105 

7.6 .0095 .060 .0166 

8.5 .0105 .089 .0247 

10.8 .0134 .128 .0355 

17.3 .0215 .180 .0500 

28.0 .0349 .344 .0953 

30.5 .0380 .525 .145 

32.5 .0404 .740 .205 

35.3 .0439 1.06 .294 

38.4 .0478 1.33 .368 

40.7 .0507 1.61 .446 

93.8 .117 2.37 .657 

120.0 .149 2.70 .747 

154.6 .192 2.94 .814 

290.0 .361 3.15 .873 

Yielded no useful data 

102 .157 2.74 .760 

143 .178 2.87 .795 
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TABLE V--Continued 

Amount adsorbed per gram 
Sample in in Pressure 
Number micrograms cc at STP mm Hg 

171 .212 3.00 .831 

304 .380 3.18 .880 

Pow = 3.61 mm Hg (Supercooled Liquid) 
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TABLE VI 

Adsorption of Water Vapor on Vacuum Prepared Silver 

Iodide at -9.19°C. 

Sample 6 

Amount adsorbed per gram 
in in P/P 

micrograms cc at STP Pressure ow 

9.86 .0122 .0409 .0179 

16.4 .0204 .0977 .0427 

26.1 .0326 .1417 .0619 

28.4 .0354 .211 .0921 

31.1 .0395 .321 .140 

35.2 .0438 .429 .188 

38.9 .0484 .528 .231 

41.3 .0514 .640 .280 

49.8 .0621 .741 .324 

56.0 .0697 .818 .358 

61.4 .0764 . 898 .392 

65.4 .0814 .973 .425 

68.3 .0851 1.07 .468 

75.7 .0942 1.17 .511 

81.8 .102 1.23 .537 

86.8 .108 1.32 .577 
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TABLE VI—Con t inued 

Sample 6 

Amount adsorbed per eram 
in 

micrograms 
in 

cc at STP Pressure 
P/P 

ow 

89.8 .112 1.38 .603 

100.00 .124 1.44 .632 

108.9 .136 1.53 .669 

123.5 .154 1.63 .712 

208.3 .259 1.91 .835 

273.5 .341 2.01 .878 

Pow - 2.29 nun Hg (Supercooled Liquid) 
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TABLE VII 

Data for the Adsorption of Water Vapor on Vacuum 

Prepared Silver Iodide at -16.07°C. 

Sample 7 

Amount adsorbed per gram 
in in P/P 

micrograms cc at STP Pressure 

16.3 .0203 .0414 .032 

19.2 .0239 .0660 .050 

29.3 .0365 .0997 .076 

36.6 .0455 .170 .130 

44.0 .0547 .225 .172 

55.9 .0696 .287 .219 

66.7 .0830 .341 .260 

72.6 .0904 .398 .304 

81.5 .1015 .454 .347 

92.4 .115 .533 .409 

101.3 .126 .600 .458 

108.6 .135 .687 .524 

120.1 . 149 .742 .566 

138.0 .171 .796 .608 

156.0 .194 .865 .660 
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Sample 7 

Amoumt adsorbed per gram 
in in P/P 

micrograms cc at STP Pressure ow 

171.0 .213 .937 .715 

217.0 .271 .988 .754 

282.0 .352 1.06 .809 

Pow s 1.31 mm Hg (Supercooled Liquid) 
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TABLE VIII 

Results of Applying the B.E.T. Relation to the 

Adsorption Isotherms 

At -3.24°C. P0 = 3.54 mm Hg 

vad P/P0 P/V(PC-P) 

X y Ax Ax Ay/ AX 

.0203 .051 2.643 

.0349 .097 3.093 .046 .447 9.72 

.0380 .148 4.590 .051 1.500 29.4 

.0404 .209 6.550 .061 1.960 32.1 

.0439 .300 9.760 .091 3.210 35.3 

: -9.19°C. Pc = 2.122 mm Hg 

.0204 .046 2.372 

.0326 .067 2.197 .021 -.175 -8.4 

.0354 .099 3.117 .032 .920 28.3 

.0395 • 151 4.519 .052 1.402 27.1 

.0438 .202 5.784 .051 1.265 24.8 

.0484 .249 6.850 .047 1.066 22.6 

.0514 .302 8.399 .053 1.549 29.2 
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TABLE VIII—Continued 

At -16.07°C. PQ • 1.14 mm Hg 

"vi; P/P0 P/V(P0-P) 

x y Ax Ay Ayf Ax 

.0239 .058 2.568 

.0365 .087 2.624 .029 .056 1.93 

.0455 .149 3.855 .062 1.231 19.8 

.0547 .197 4.491 .048 .636 13.2 

.0696 .251 4.832 .054 .341 6.3 

.0830 .300 5.143 .049 .381 6.3 



TABLE IX 

Adsorption Isosteres Data for Water Vapor on Silver Iodide 

vad 
cc at STP 

i 
it H
 

H
 269.92°K 

I 
II CM H 263,96 K *3 = 257.08 K 

P1 logPj^ p2 l°SioP2 p3 lo«10p3 

.020 .172 -.764 .078 -1.108 .035 -1.450 

.025 .212 -.674 .103 -.987 .050 -1.300 

.030 .270 -.569 .140 -.854 .066 -1.180 

.035 .360 -.444 .200 -.699 .095 -1.022 

.040 .740 -.131 .360 -.444 .133 -.876 

.045 1.20 .069 .470 —. 328 .160 -.769 

.050 1.46 .164 .568 -.246 .187 -.745 

.060 1.74 .241 .714 -.146 .237 -.633 

.070 1.93 .286 .844 -.076 .281 -.551 

.080 2.11 .324 .960 -.018 .340 -.476 

.090 2.26 .354 1.10 .041 .395 -.404 

.100 2.37 .375 1.22 .086 .455 -.342 

.110 2.45 .389 1.34 .128 .501 -.300 

.120 2.52 .401 1.42 .153 .564 -.249 

.130 2.59 .413 1.49 .173 .630 -.201 

.140 2.64 .422 1.56 .193 .690 -.161 

.160 2.75 .439 1.65 .228 .770 -.108 

.180 2.85 .454 1.72 .235 .840 -.075 

.220 3.02 .480 1.83 .262 .940 -.026 

1/Tl = 3.8897 x 10"3 or"1 

1/T2 = 3.7885 x LCT3 ok"1 

1/T3 a 3.7048 x 10"3 OK"1 
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TABLE X 

Data for the Isosteric Heat of Adsorption 

Vad loS10P2 los10Pl qst 

cc at STP Kcal/mole +%E -%E 

020 -1.420 -.825 17.0 15.9 15.9 

025 -1.275 -.730 15.6 15.8 13.9 

030 -1.150 -.620 15.1 15.5 16.4 

035 -.990 -.445 15.3 29.7 18.6 

040 -.840 -.200 18.3 18.1 29.0 

045 -.755 -.055 21.5 8.4 9.1 

050 -.695 + .090 22.4 6.0 6.2 

060 -.575 +.180 21.5 5.7 5.0 

070 -.500 +.225 20.7 4.5 3.7 

080 -.425 +.270 19.9 3.9 3.9 

090 -.350 +.295 18.4 4.0 4.0 

100 -.295 +.320 17.6 3.0 3.0 

110 -.245 +.335 16.6 3.0 3.0 

120 -.195 +.350 15.6 3.0 3.0 

130 -.160 +.370 15.1 3.0 3.0 

140 -.110 +.380 14.0 3.0 3.0 

160 -.072 +.398 13.5 3.0 3.0 
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TABLE X--Continued 

Vad L°SlOP2 los10Pl qst Probable 
Error 

cc at STP Kcal/mole +%E -%E 

.180 -.025 +.420 13.0 3.0 3.0 

,220 +.025 +.450 12.1 3.0 3.0 

1/T2 = 3.88 x 10"3oK"L 1/T1 = 3.72-3OK-L 
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TABLE XI 

Calculation of the Differential Entropy 

For T a -9.19°C. 

ad -(HL-HS) P *7P0 4.576 lnP/PQ (SS-SL) 
at STP T 

cal/mole°C. 
mmHg 

cal/mole°C, entropy 
units 

020 -23.5 .078 .0341 +6.7 -16.8 

025 -18.2 .103 .0450 +6.2 -12.0 
030 -16.3 .140 .0612 +5.6 -10.7 
035 -17.5 .200 .0875 +4.8 -12.7 
040 -28.4 .360 .1574 +3.7 -24.7 
045 -40.5 .470 .2055 +3.2 -37.3 
050 -43.9 .568 .248 +2.8 -41.1 
060 -40.5 .714 .312 +2.3 -38.2 
070 -37.5 .844 .369 +2.0 -35.5 
080 -34.5 .960 .420 +1.7 -32.8 
090 -28.8 1.10 .481 +1.5 -27.3 
100 -25.7 1.22 .533 +1.2 -24.5 
110 -22.0 1.34 .584 +1.1 -20.9 
120 -18.2 1.42 .621 +1.0 -17.2 
130 -16.3 1.49 .652 +.9 -15.4 
140 -12.1 1.56 .680 +.8 -11.3 



TABLE XI--Continued 
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For T = -9.19°C. 

cc at STP T rnmHg 
cal/mole°C. 

.160 -10.2 1.65 

.180 -8.33 1.72 

.220 -4.92 1.82 

P/P0 4.576 InP/Po (Ss-SL) 

cal/mole°C. entropy 
units 

720 +.6 -9.4 

752 +.6 -7.7 

800 +.4 -4.9 
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TABLE XII 

The Differential Entropies 

ad 

cc at STP 

<S,-SL> 

at 
-3.24°C. 
in e.u. 

<Ss-SL) (Ss-SL) 

at„ 
-9.19 C. 
in e.u. 

at 
-16.07°C. 

in e.u. 

020 -16.9 

025 -12.2 

030 -10.7 

035 -12.1 

040 -24.6 

045 -37.4 

050 -41.2 

060 -38„ 1 

070 -35.5 

080 -32.6 

090 -32.6 

100 -24.4 

110 -20.7 

120 -17.1 

130 -15.2 

140 -11.3 

16.8 -17.2 

12.0 -12.2 

10.7 — 10.8 

12.7 -12.3 

24.7 -24.6 

37.3 -37.4 

41.1 -41.2 

38.2 -38.2 

35.5 -35.4 

32.8 -32.7 

32.8 -32.7 

24.5 -24.3 

20.9 -20.7 

17.2 -17.0 

15.4 -15.2 

11.3 -11.2 
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TABLE XII—Continued 

ad 
cc at STP 

<Ss-SL) 

at 
-3.24°C. 
in e.u. 

(Ss-SL) 

at 
-9.19°C. 
in e.u. 

(Ss-SL) 

at 
-16.07°C. 
in e.u. 

.160 

.180 

.220 

-9.5 

-7.7 

-4.4 

-9.4 

-7.7 

-4.9 

-9.4 

-7.7 

-4.4 
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