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The Thermodynamics of Tobacco-Water Interactions*
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Figure 1.
Hypothetical normal distribution of sites used to
evaluate equation [14].

Table 1.
Calculated isotherms.

h Equation 12 Equation 13 Difference×104

0.1 0.02433 0.02463 3.0
0.2 0.04260 0.04310 5.0
0.3 0.05986 0.06045 6.0
0.4 0.07894 0.07957 6.3
0.5 0.1028 0.1034 6.4
0.6 0.1363 0.1369 6.3
0.7 0.1899 0.1906 6.2
0.8 0.2950 0.2955 6
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Table 2.
Isotherm parameters.

Sample K S0×103 Total bound
water R

Bright 3.1 3.76 0.07 0.998

Blend 4.8 3.72 0.07 0.998

Burley 7.0 3.25 0.06 0.993

Reconstitute 5.0 4.03 0.07 0.993

Figure 2.
Water sorption isotherm for bright tobacco. The line  
through the data was calculated using equation [13].
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Figure 5.
Temperature dependence of the number of water
binding sites in bright tobacco. The values were
calculated as a function of temperature from the isotherms
shown in Figure 3 using equation [14].

Figure 4.
Temperature dependence of the water binding
equilibrium constant of bright tobacco. The values of
the equilibrium constant were calculated as a function of
temperature from the isotherms shown in Figure 3 using
equation [14].

Figure 3.
Water sorption isotherms for bright tobacco as a
function of temperature. The data points are from
reference 12 and the lines were calculated using equation
[13]. The experimental temperatures from top to bottom
are 27, 38, 49 and 60 °C. The curves have been offset by
0.025 each in ascending order for clarity.
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Figure 7.
Heat capacity of bright tobacco as a function of
moisture content. Data points from reference 4. Solid
line calculated from equation [17] with

= 0.6 cal/°Cg. ���

Figure 6.
Species distribution for bright tobacco as a function of
moisture content. Solid line: unhydrated sites; dotted line:
hydrated sites, dash-dot line: free water. 
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Table 3.
Thermal diffusivity.

Tobacco a Moisture content b
Thermal

diffusivity × 103 c

Bright 0.109 0.85

Bright 0.166 1.00

Bright 0.232 1.08

Recon A 0.104 0.90

Recon A 0.820 1.24

Recon B 0.099 0.83

Recon B 0.194 1.06

a Recon A is a cast leaf product, Recon B is an extract and
  recombine product
b g/g wet weight basis
c cm2/sec
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Figure 8.
Thermal diffusivity of tobacco as a function of
moisture content (wet weight basis). Line calculated

from equation [19] with =7×10-4 cm2/sec.���

Table 4.  
Heat treated bright tobacco.

Moisture content a
Calculated

RH
Filling power

increase

0.047 0.23 6.1

0.145 0.60 11.0

0.200 0.69 11.0

0.247 0.74 10.1

0.383 0.83 6.2

a g/g wet weight basis
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Figure 9.
Effect of relative humidity on the rate of the Browning
reaction filling power increase is used as a measure of
the extent of reaction. Lower curve refers to room
temperature. Upper curve calculated for 60 °C. The upper
curve was offset by 1.0 for clarity. Both curves were
calculated using equation [20].

Figure 10.
Effect of relative humidity on filling power of bright
tobacco. The line was obtained by regression.
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Figure 11.
The activity of coefficient of water in bright tobacco as
calculated from equation [24]
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Figure 12.
Linearized isotherm for bright tobacco. Solid line is
regression line for RH 50 % and above. Dotted line shows
calculated bound water. Dashed line shows calculated free
water

Figure 13.
The partial molar heat capacity of the hydrated tobacco
matrix. The data points were calculated from reference 4
using equation [17]. The line was calculated from equation
[21]
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Figure 14.
The effect of relative humidity on the value of Young‘s
modulus for bright tobacco. The data points are from
reference 12. The line was generated using equation [22].
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Figure 15.
The degree of hydration for bright (solid line) and
Burley (dashed line) tobacco as a function of relative
humidity. The lines were calculated using equation [23].
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