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Water activity formulae popular amongst food
technologists
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Water activity coefficient (boiling curve)

1.8

o = = =
o) P N IN o
T T T

Water activity coefficient on the boiling curve
o
(o))

1193 points

[

[

[ [ [

Starzak & Peacock, 1997

[

[

[ [ [

0.4

10

20

30

40 50 60
% mass sucrose

100









Ther modynamic data typically used
to determine




EXPERIMENTAL DATABASE

Data type Experimental points | Literature sources
VLE 1507 64
FPD 213 13
Solubility 265 34
Heat of dilution 283 10
Heat capacity 70 4
Total 2338 125
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Distribution of experimental data
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Selection of water activity model




General temper atur e dependence




Simplified temper atur e dependence




Gibbs-Duhem equation

Sucr ose activity coefficient




Expansion coefficients of sucrose activity




Expansion coefficients of sucrose activity, n=7




Expansion coefficients of sucrose activity
Matrix representation




Processing experimental data

VLEdata P In
FPD data



VLEdata P In A

gt



Freezingpointdata P Ing,

Solid-liguid equilibrium

. eDHfA(r) DCpA(r ) DB, T UET l;l
Ing, = - ¢& ' et - 1
e RIT, R 2 ueé'sr g

éDC ,(T,,) DB, T €T,

X -1u In(1- x,)

Assumed mpA(T) = [x:pA(Tm) + DBA (T = Tm)
for purewater: R R




Sucrose solubility data P Ingg

Solid-liquid equilibrium (asym. convention)

?gé (Tm)g U = éDHdB(ro) y DCpB(TO) DB T UeT UT
So P87 &R, R 2 U W,
éDC 5 (To) U éT & T
+ é PEse - DB T | ??u DBB " T_L‘J n(xB)
e e'mu e m U
Assumed DCpB(T) - DCpB(TO)

for sucrose: R R tDE e



_— HE/
asym
Heat of dilution data b o7

Two-step procedure

d fitting each set of isother mal data to
McMillan-M ayer expansion (evaluating
coefficients of expansion)

] datagenerated from the expansion used
asinput data for regression




. Amount of heat liber ./ ,//// 0 e
sucrose in solution jition of

amount of pure wate




Types of experimental heats of dilution

II. amount of heat liberated per one mole
of water in original solution after
addition of a known amount of dilute
sucrose solution

DH

NA(1)

o [0 (0)+na(@)] M) - na(@) (@) - ny()m()
o )

(Jmol solvent) =

k=



Types of experimental heats of dilution

IIl1. amount of heat liberated per one
gram of water added after addition
of a small amount of pure water
(differential heat of dilution)

M (g solvent added) = - —— & ()

1000 &,

m(f) @m(i)
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Heat of dilution data b HMAT

Excess enthal C ' .




Specificheatdata b C_-

Pasym

Apparent molar heat capacity of sl




Experimental variables
& Margules expansion coefficients




Experimental variables
& Margules expansion coefficients




Experimental variables
& Margules expansion coefficients




Experimental variables
& Margules expansion coefficients
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Boiling point elevation — predicted vs experimental
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Results of solubility data regression
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Regression of 26 heat of dilution data sets




1000 x Enthalpy of dilution, HYRT [-]

Prediction of enthalpy of dilution
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Excess heat capacity, CF/R []

0.4

Regression of 5 heat capacity data sets
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Excess heat capacity, cER [-]
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Prediction of water activity coefficient

ISOTHERMS BETWEEN 0°C and 150°C
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Prediction of water activity coefficient
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Final ctivity coefficient equation







