[Lesson &

You Will Learn Instrumentation for:

A. Laser photochemistry and
photoelectrochemistry

B. Scanning Probe Microscopy

C. PID control in chemical engineering

As well as data treatment and presentation
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Optical Parametric Oscillator (OPO)

Z. F. Ding, R G. Wellington, P. F. Brevet, H. H. Girault, "Spectroelectrochemical Studies of Ru(bpy)3(2-+)
at the Water/1,2-Dichloroethane Interface", J. Phys. Chem. 100 (1996) 10658-10663.
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(1) Laser photochemistry
b. LabVIEW Data Acquisition GPIB Oscilloscope driver

Front Panel




(2) photochemistry-Electrogenerated Chemiluminescence
Cathode a. Pr1nc1ple A
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Z. Ding, B. M. Quinn, S. K. Haram, L. E. Pell, B. A. Korgel, A. J. Bard, "Electrochemistry and
C ath 0 d e electrogenerated chemiluminescence from silicon nanocrystal quantum dots", Science 296 (2002) 1293-
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Power supply Spectrometer CCD camera Photomultiplier




Electrochemical Workstation
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B. Scanning Probe Microscopy
Near-field Scanning Optical Microscopy (NSOM or SNOM)

a. principle _ o . _
The diffraction limit in conventional microscopy

(Abbe diffraction limit)

Beam cross-section at focus
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Positioning the probe
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Shear force detection
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X,y,z Inchworms
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positioning of the tip to the substrate

P-F-6.4um P-W-6.4um I-F-6.4um P-F-6.4um

Y. Zu, Z. Ding, J. Zhou, Y. Lee, A. J. Bard, "Scanning Optical Microscopy with an Electrogenerated
Chemiluminescent Light Source at a Nanometer Tip", Anal. Chem. 73 (2001) 2153-2156
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Shear-force device: tuning fork driven by a lock-in amplifier
Feedback: lock-1n amplifier
micro-positioner: 1.inchworm motor stage+controller

2. Piezo pusher+controller(using DAQ out)

Two processes

(1) Engage: probe approaches

(2)'Stanning: to get images
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B. Scanning Probe Microscopy
Near-field Scanning Optical Microscopy (NSOM or SNOM)

b. Programming in LabVIEW

DAQ piezo

AO voltage out pcontroller-amplifier [ gl pusher
0.005V-------- 0.5V/step 0.004,m/step
till 8V------ 800 V till 6.4,m
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[n the PID { Proportional-Inte gral-Derivative j controller, the setpoint is
compared to the process variable to obtain the error

e=A&P - PF.
You can then calculate the controller action theoretically as
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where K 1s controller gain. [f the error and the controller output have the
same range, that is —100% to 100%, controller gain is the reciprocal of
praporifonal band. T, is the integral time in minutes (also called reset fime ),
and Ty is the derivative time in minutes (also called rate). The proportional
action 1s
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Front Panel
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The Plant Simulator subVI, which simulates this process, reads and
delays the previous valve position and scales 1t according to the
process gain. The gain represents how fast the tank fills versus the
position of the valve. The process load value depends on the state of
HV-101, the drain valve. When you open the valve, the tank level
drops.
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Figure 4-1. Feedback loop.

Proportional gain responds quickly to small features but is not optimized

to respond to large features.

Integral gain controls the response time of the piezo to large, slow sensor
changes. If set too high, integral gain can result in oscillation or noise in

the image. This oscillation will be apparent on the oscilloscope signals.
Derivative gain tends to reduce oscillation but may amplify high-
frequency noise.
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In-situ reaction monitoring, electrochemistry, spectroelectrochemistry
can easily be done.
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