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inTroDuCTion
Interactions between water and component materials take place in all steps of dos-

age from manufacture. These interactions can affect the mechanical, physical and chemical 
properties and consequently also the behaviour of the material of interest. 

The use of the Thermal Activity Monitor (TAM) is already well established in the 
field of compatibility and stability testing of pharmaceutical preparations and other chemi-
cals in general. The sample is loaded into a sealed ampoule which is placed in the measur-
ing position of the TAM. The recorded heat flux (P) can be related to the reaction rate and 
the reaction enthalpy (refs. 1-4). However, such a closed system does not allow any control 
or change of experimental factors such as oxygen pressure or water vapour pressure in the 
ampoule during an ongoing experiment. In order to overcome this limitation, the Gas Pres-
sure Controller device has been specifically developed to control, in particular the relative 
humidity (RH) within the sample ampoule (fig. 1). During a calorimetric experiment. dry 
gas (1) is delivered by a flow rate controller (2) to a switching valve (3). In one position, 
a, the valve delivers dry gas directly to the sample ampoule. In the other position. b, the 
gas is passed through two humidifier reservoirs (4) in thermal contact with the calorimetric 
bath (5), and the gas it is then 
saturated with water (100 % 
RH) before reaching the sample 
(6). Both dry (0 % RH) and wet 
(100 % RH) gas pass separately 
through heat exchangers (7) for 
thermal equilibration. The in-
coming RH to the sample can 
be controlled from the valve 
and varied from 0 to 100 % by 
mixing various ratios of dry and 
wet gas. 

The device operates with 
a precision better than ± 0.1 % 
RH within the range of 0% and 
100% RH throughout the oper-
ating temperature of the TAM. 
It is possible to program the RH 
through the Digitam software 

Figure 1 Schematic view oithe Gas Pressure Con-
troller units fitting in TAM. 
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either as a series of discrete 
steps or as an upward or down-
ward ramp. 

The very rapid response 
to changes in RH makes this 
instrument system a powerful 
tool for determining sorption 
isotherms and surface energies 
within a few hours. Only small 
amcunts of material are needed. 
Typical sample loadings for 
powders are on the order of 50 
to 200 mg. 

ExPErimEnTal 
A liquid or solid sample 

is placed in the measuring am-
poule as shown in figure 2. The 
exchange between the incom-
ing RH-controlled gas may take 
place at the upper geometrical 
sample surface Oeft) or at the 
total exchange surface when a 
powder is analyzed. If the latter 
option is preferred. the outlet 
is lowered down and the gas is 
passed through the powder bed 
(right).  

liquids: The effect of 
RH upon water evaporation 
thermograms has been studied 
at various flow rates using air 
or N2 as carrier. A typical ther-
mogram is shown is shown in 
figure 3. 

 This relationship was 
used to calorimetrically deter-
mine the RH-values of standard 
salt solutions of known RH. The 
standard solutions were placed 
in. a thermostat ted bath at 25°C 
outside the calorimeter. Air was 
then pumped through the stan-
dard solution directly to the 
measuring ampoule (via the dry 
inlet) containing water. The thermograms and their interpretation are shown in figures 5 
and 6. 

 The physical modelling and the mathematics behind these results will be published 
soon. 

Figure 2. Sample disposition in the ampoule 

Figure 3. Effect of RH on water evaporation ther-
mograms (f=100 ml/h, T=25ºC) 

Figure 4 shows the effect of the gas flow rate on 
water evaporation heat flux at 25ºC: Ø(50 ml/h) 
§(110 ml/h) u(160 ml/h) ©(220 ml/h)
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Powders: As an example 
of a solid material, the results of 
calorimetric sorption isotherms 
of a pharmaceutical polymeric 
material are presented here. 150 
mg of the material was placed 
in the measuring ampoule and 
dried under 0 % RH (f=100 ml/
h) until zero heat flux was ob-
served. The incoming RH was 
then set to 10 % and a positive 
adsorption response was record-
ed. When the equilibrium was 
reached (P equals zero) the in-
coming RH was set to zero and a 
desorption isotherm (P<O) was 
then observed. At equilibrium. 
an other up and down scan was 
carried out successively with 20 
% RH, 30 % RH, 40 % RH, etc. 
The absorption/desorption re-
sults are shown in figure 7. 

Similar experiments 
were carried out at other tem-
peratures (40 °C and 50 ºC). 
Figure 8 shows a plot of the to-
tal adsorption heat at three tem-
peratures as a function of the 
imposed vapour pressure. 

It can easily be shown 
that a plot of In (vapour pres-
sure) at constant Qads against 
(1/T) is equivalent to a van’t 
Hoff plot (to be published) and 
gives a straight line from which 
the adsorption enthalpy can be 
derived (figure 9). Knowing the 
vapour adsorption enthalpy, it is 
easy to calculate the amount of 
water adsorbed to the polymer 
at a given RH and temperature 
(in this case 12 % adsorbed wa-
ter at 65 % RH and 25 ºC). Ad-
sorption isotherms expressed in 
mass of water adsorbed per to-
tal mass can then be obtained. 
Other thermodynamic parameters such as the adsorption entropy and equilibrium constant 
values can be derived. 

This method can also be used as a “solid surface energies titration mapping” when 
one studies the enthalpy variation with RH and temperature. 

Figure 5. Water evaporation thennograms; Incom-
ing air from standard salt solutions (f=l(}() ml/h. 
T=25 “C) 

Figure 6. RH 01 standard salt solutions deter-
miTlLd Irom water evaporation calorimetric data

FIgure 7. Polymer·...,atervapour sorption thermo-
gram. T=25 ·e. RH scan up and down from 0 to 80 
%. 
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ConClusion 
The very rapid response 

to RH changes makes this in-
strument system a powerful 
tool for determining sorption 
isotherms and surface energies 
within the space of only a few 
hours. Using the ramp method 
(see introduction) for the de-
termination of the effect of hu-
midity on physical changes of 
pharmaceutical preparations 
is nowadays of routine work 
in our laboratory. Examples of 
physical changes ex stability 
are polymorphism and change 
from amorphous to crystalline 
state. Moreover, the method 
makes it possible to determine 
qltimal RH storage or handling 
conditions of e.g. effervescent 
pharmaceutical preparations. 
The method is nondestructive 
and it is shown to be of the 
level of sensitivity that allows 
measurements to be carried out 
at ambient temperature. Only 
small amounts of material are 
needed. 

Potential applications of 
this instrument system include 
the evaluation of vapour diffusion through plastics or coating material. specific surface 
area and surface energy determinations. The authex is currently working in these areas and 
proposes to publish further data in the near future. 
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