Problem Sheet 4: Chemical Sensors

A copper ball 2 cm in radium is heated in a furnace to 400 °C. If the emissivity is 0.3, at what rate does it radiate energy?
Briefly explain the operation of a catalytic sensor used for the purpose of detecting

flammable gas in underground mines.

An example of an amperometric chemical sensor is a Clark oxygen sensor. The

operating principle of the electrode is based on the use of one electrolyte solution

contained within the electrode assembly to transport oxygen from an oxygen-permeable membrane to the metal cathode. The cathode current arises from a two step oxygen-reduction process that may be represented as
O2 + 2H2O + 2e− → H2O2 + 2OH−
H2O2 + 2e− → 2OH−
The membrane electrolyte-electrode system is a one-dimensional diffusion system with partial pressure P0. At steady state the electrode current is given by
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where A is the electrode area, αm is solubility of oxygen in the membrane, F is the

Faraday constant, Dm is the diffusion constant, and xm is the thickness of the

membrane. The sensor sensitivity is defined as the ratio of the current to oxygen partialpressure

S =I/P0
Given that a sensitivity of S ≈ 7.5 × 10−12 A/kPa is required and that the cathode area is 2.6 × 10−6 m2, 

(a) What is the membrane thickness? 
(b) How do we increase the sensitivity? 
(c)  What parameters can realistically be changed?

Data:

F = 9.6 × 104 C/mol

Dm = 1.3 × 10−9 m2/s

αm = 1.5 × 10−6 mol/Pa

You are asked to monitor the concentration of a certain chemical made from some

production process. To do this you measure the absorption of light through the solution and find the concentration via the Beer-Lambert law:
−log(I/I0) = εcl

where I0 is the incident intensity of light, I is the absorbed intensity of light, ε is themolar absorptivity, c the concentration and l is the optical path length. 

(d) Given that you are monitoring the concentration, solve this equation for that quantity. 
(e) By defining the absorbance A to be 
A=−log(I/I0),
what is the sensitivity of this device given that one measures absorbance?

(f) What can one do to improve the sensitivity of the measurement?

Let us consider the detection of a bomb by a cantilever. We model the cantilever by a mass on a spring. It is initially at rest at a position x0. A molecule or several molecules of TNT stick to the mass m and are heated. They explode and cause the mass to move outward (assume all the energy from the explosion is converted into making the mass move outwards). As the mass is attached to a spring, the spring restoring force will cause the mass to move back to its original position. A detector is placed 10 μm from the equilibrium position (x0) at xf . What is the strength of the spring constant needed to be able to distinguish one molecule for two (two molecules or more are needed for the mass to reach position xf ). Assume that the energy released per TNT molecule

exploding is 1 meV.
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