The Application of Information Theory in a Chemical System

Introduction

The applicability of information theory in complex systems (for example, chemical solutions)
has a great potential for development [1-2].

In this work, we apply Shannon information theory to study a complex chemical system
consisting of cationic surfactant cetyltrimethyl-ammonium bromide (CTAB) and nonionic
surfactant Triton X-100 (TX100).

Shannon’s measure of information is a powerful measure of information in both classical and
quantum domain. This is a matter of controversy, however, that if one can extend the
applicability of this measure to any new domain of examination.

Surfactants are chemical compounds with special physicochemical properties such as critical
micelle concentration (¢cmc) in which surfactant molecules create some aggregates.

Method

In this paper, we apply information theory to study a complex chemical system consisting of
cationic surfactant cetyltrimethylammonium bromide (CTAB) and nonionic surfactant Triton
X-100 (TX100). For this purpose, two models for the calculation of interaction parameter (! )
were selected, that is, regular solution theory (RST) and Ingram’s model. To compare the
aforementioned models, we first determine the probability density of / in each model and then
we calculate their uncertainties with two methods (Kullback-Leibler entropy and Shannon
entropy of a discrete set of probabilities). Finally, mutual information will be used to assess
the calculated uncertainties for interaction parameter and, therefore, the two models as a
whole.

Results

Table 1: The Values of cmc, and cmc, (in mol dm) in Mixed Micelle

Al cmcey cme
0.8 0.00084 0.000366
0.75 0.00079 0.000341
0.67 0.00072 0.000336
0.5 0.00063 0.000312
0.33 0.00044 0.000297
0.25 0.00038 0.00028
0.2 0.00034 0.000275

Table 2: The Values of H(cmc,) =H(cmc,), H(cmc,,cmc,) and Mutual Information (1) in
Several Divisions (n) for CTAB/TX 100 Mixture (All the Values in Columns 2-4 are in bits)

n Hcmey) H(cmey, emcez) I
5 1.2412 1.9836 0.4987
10 2.1048 3.3621 0.8476
15 2.6583 4.3073 1.0093
20 3.0620 5.0406 1.0833
40 4.0508 6.9348 1.1668
60 4.6337 8.0835 1.1839
80 5.0480 8.9060 1.1900
100 5.3696 9.5464 1.1929
120 5.6325 10.0705 1.1944
140 5.8547 10.5141 1.1953
160 6.0473 10.8987 1.1960
180 6.2172 11.2380 1.1964
200 6.3692 11.5416 1.1967
250 6.6910 12.1849 1.1971
300 6.9540 12.7107 1.1974
350 7.1764 13.1553 1.1975
400 7.3690 13.5405 1.1976
450 7.5390 13.8802 1.1977
500 7.6910 14.1842 1.1977
1000 8.6909 16.1840 1.1979
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Table 3: The Values of H(! )ggr and H(! ),,; and Their Differences in Several Divisions
(n) for CTAB/TX100 Mixture (All the Values in Columns 2-4 are in bits)

n H(B)rst H()mg H()mg — H(P)rst
5 1.5780 1.6056 0.0277
10 2.4868 2.5153 0.0285
15 3.0532 3.0821 0.0289
20 3.4615 3.4905 0.0290
40 4.4547 4.4839 0.0292
60 5.0382 5.0675 0.0293
80 5.4526 5.4819 0.0294
100 5.7742 5.8036 0.0294
120 6.0370 6.0664 0.0294
140 6.2592 6.2886 0.0295
160 6.4517 6.4812 0.0295
180 6.6215 6.6510 0.0295
200 6.7734 6.8029 0.0295
250 7.0951 7.1247 0.0296
300 7.3580 7.3876 0.0296
350 7.5803 7.6099 0.0296
400 7.7728 7.8025 0.0296
450 7.9427 7.9723 0.0296
500 8.0946 8.1243 0.0297
1000 9.0941 9.1239 0.0298
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Figure 1. Plot of mutual information () versus divisions (n)
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Figure 2. Plot of H(! );ng - H(! )ggr versus divisions ()

Conclusions

Our results in the present work show that regular solution theory is more accurate than
Ingram’s model. Furthermore, the method indicated here may be applied for other chemical

systems or processes.
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