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ABSTRACT 

Calorimetric measurements of enthalpy of displacement in solu- 
tion of p 

3 
ridine 

acid (STS 
on Al'0 as well as2-phenylethylenephosphonic 

on SnO 
*g 

we& 3 erformed by variation of pH and concen- 
tration of solute n. The determination of the adsorbed amount 
permits the calculation of molare enthalpies. 

INTRODUCTION 

The calorimetric technique is an excellent method to measure 

temperature changes during the process of adsorption ir. the 

solid-liquid interface and to determine enthalpies of tie adsorp- 

tion process in a direct way. Enthalpies of displacement reflect 

energetical interactions between the solid and the adsorbed mo- 

lecules as well as between the molecules of the interface and 

those of solution, too. 

Adsorption phenomena at solid-water interface are controlled in 

most cases by the electrical double layer /l/. Hydrogen and 

hydroxyl ions are of special importance for the electrical pro- 

porties of the interface in the case of oxides /2/. 

The electrical proporties of the interface are also influenced 

during the process of adsorption. Therefore characteristic ad- 

sorption enthalpy isotherms result. 

In connection with measurements of the adsorbed amount it is 

possible to calculate molare enthalpies and to discuss them in 

regard of the structure of the interface. 

MEASURING IJETHODS 

8 -A1203 (A = 103 m2. g-1 Eoint-of-zero-Charge PZC = 7,7) and 

two types of synthetic Sn02 (1. A = 160 rn2a g", PZC ~= 4,l; 

2. A = 184 m2. g 
-1 , PZC = 4,2) were used as adsorbents. 
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The specific surface areas were determined by a BET-method. Both 

charges of Sn02 are products of precipitation of stannic 

chloride with armnonia. nyridine, purity p. A., and ?-chenyl- 

ethylene-phosphonic acid (SDS), purity 199 so, were used in form 

of aqueous solutions. 

The pH of sulutions was adjusted by addition of NaOH or HCl. 

The enthalpies of displacement were determined with the com- 

mercial precision calorimetry system LXB 8700 and a new calori- 

metric vessel using also the.technique of breaking special glass 

ampoules /3/. The glass ampoule was filled with 0,5 g A1203 or 

1 g SnC2 and always 1 ;nl water to suppress a wetting reaction. 

The heat of breaking off a ampoule was determined to 

Ah = -57 * 8 mJ /3/. 

The calorimetric vessel was always filled with 80 ml solution. 

The adsorption isotherms were measured under comparabel condi- 

tions in the same way as calorimetric measurements by deter- 

mining the concentration of solution before and after the adsorp- 

tion experiment by an VI-spectral-photometric method. 

RESULTS AND DISCUSSION 

The adsorption from solution on the oxides is influenced signi- 

ficantly by the value of pH of the solution. If pH is greater 

than ?ZC of A1203 or of SnO2, then the adsorption of both used 

adsorptives is hindered. The decrease of pH of solution below 

PZC yields an enhancement of the amount of adsorbed molecules 

and the enthalpy of displaoeL::ent, because more and more hydroxyl 

ions are desorbed into solution and dissociated aisorptives 

R-PO(OH)O- -ions or pyridine-molecules are able to occupy the 

positive charged places in the interface of the oxids. 

The results are also used to optiniate the p:i of solution for the 

measurements ver,sus rnolare fraction of adsorptive X2. The mea- 

surements of the system A1203 -Pyridine were performed with 

pH = 4,0 and-these of SnO2-S?S with pH = 2,5. The measuring 

accuracy of the pH of solution (a pH = 2 0,05) yields an error 

of AaH of about five per cent. 

The results of calculation of molare enthalpies of displacement 

a .Hm are shown in Figure 1. The molare enthslpies of displace- 

ment of both adsorption systems are decreased in a similar way 

by increasing amount of adsorptives on the surface. 
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Differences in the absolute values of AaHm are based on different 

pH of solutions. Three characteristic ranges can be seen in the 

plot ofd,H, versus N,. The first one with high values of 

AaHm 2-35 kJ . mol-1 can be interpreted with chemical bonds 

between the nitrogen of pyridine and the positive alumina-ions 

of A1203 respectively between ions of SPS and stannic+ions 

sn4+ of SnD2. 

The second range withAaHm between -25 to -35 kJ: moI 
-1 

shows 

a small slope. There exist no strong energetical interaction 

with the surface like chemical bonds in the first range. The 

third range is characterized by very low values ofAaHm 

(~-20 kJ . mol-1) . It is possiblethat hydroxyl ions on the 

surface .are not displaced by the adsorptives. The. adsorptives 

are adsorbed on the layer of hydroxyl ions or as a second layer 

of adsorptives. Physical interactions are of importance in this 

range. 

.CONCLUSIONS 

The results of the calorimetric measurements characterize the 

surfaces of Al.203 and SnQ2 used as very heterogeneous ones in 

regard of energetical interactions with the different compounds . , 
of the aqueobs solution. The descriped calorimetric technique 

is suitable for investigations of adsorption in solutions 

which are very important for technical processes such as 

flotation of ores or minerals. 
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