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Abstract

This study aims to provide an in-depth quantitative and qualitative analysis of the effect of temperature and pressure on chemical
reaction rates within closed systems. The core problem addressed is the complex coupling between these two variables in a fixed-
volume environment, leading to deviations from expected kinetic behavior and increased operational risks. The research employed a
descriptive analytical methodology, developing a modified kinetic model that integrates the principles of Transition State Theory
(TST) and the Volume of Activation (\Delta V"\ddagger) to analyze derived kinetic data from monitored reactions. Results
confirmed a conditional correlation between pressure and temperature, demonstrating that the pressure increase resulting from
elevated heat actively contributes to reaction acceleration due to a negative volume of activation. The study successfully identified
the Optimal Operating Range that balances maximum reaction speed against thermodynamic constraints, effectively steering
reactors away from undesirable equilibrium shifts. The research recommends integrating this advanced model into engineering
simulation programs to enhance the efficiency and safety of chemical reactor operations in the industry.

Keywords. Chemical Kinetics, Closed Systems, Temperature, Pressure, Reaction Rate, Volume of Activation, Optimal Range,
Transition State Theory.
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Temperature dependence of reaction rates

k = rate constant

B A = pre-exponential factor
— a

k . 4 6 R E g = activation energy
_ R

= universal gas constant

T = absolute temperature

Y-intercept = In (4)

In (k)

Slope = -(Ea/R)
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