
Introduction 
It is extremely important to 
understand what is occurring 
during chemical reactions  
and to be able to determine 
reaction completion, reaction 
rates under different conditions 

and also whether the reactions are single or multi-step. Spectrosopic techniques, such as 
UV-Visible spectrometry, can be deployed to observe the chemical changes taking place during 
reactions. However, in many cases the reaction timescales are too fast to be performed and 
observed by the simple manual mixing of the reactants in a cuvette. The stopped-flow technique 
is frequently used for rapid kinetics experiments allowing the reactants to mix effectively and 
react whilst monitoring the reaction in a low volume cuvette in the UV-Visible instrument.

This application note demonstrates that the PerkinElmer LAMBDATM 465 Diode Array UV-Visible 
Spectrophotometer is perfectly matched to the TgK Scientific SFA-20 Rapid Kinetics Accessory 
allowing reaction monitoring on the millisecond timescale. 
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The Stopped-Flow Technique

Small volumes of solutions are rapidly driven from syringes into  
a high efficiency mixer to initiate a fast reaction. The resultant 
reaction volume then displaces the contents of an observation 
cell thus filling it with freshly mixed reagents. A schematic of the 
system is shown as Figure 1. 

The volume injected is limited by the stop syringe which provides 
the “stopped-flow”. Just prior to stopping, a steady state flow is 
achieved. The solution entering the flow cell is only milliseconds 
old. The age of this reaction volume is also known as the dead 
time of the stopped-flow system. As the solution fills the stopping 
syringe, the plunger hits a block, causing the flow to be stopped 
instantaneously and thus, arrest the further replenishment of the 
reaction volume and allow it to be observed. The kinetics of the 
reaction can be measured in the micro-flowcell situated in the 
sample holder of the UV-Visible Spectrophotometer as shown  
in Figure 2.

“Traditional” stopped-flow UV-Visible analysis has required a 
priori knowledge of the reaction to enable single wavelengths  
to be selected for the reaction monitoring before performing  
the experiment. The LAMBDA 465 is a diode array instrument 
capable of collecting full range UV-Visible spectra at 50 scans per 
second, matching the data collection rates for single wavelength 
dispersive UV-Visible instruments. Generating the full range 
spectra allows significantly more information to be obtained 
from the experiment, leading to greater information about the 
chemical reaction.

Experimental

The system described has been applied to the chemical reaction 
resulting in the formation and decay of peroxychromic acid1.  
A rapid reaction occurs forming blue peroxychromic acid when 
acidified hydrogen peroxide is added to solutions of potassium 
dichromate. After the initial reaction there is a slow decomposition 
of the blue species.

In the stopped-flow experiment Syringe A contained 5 mM 
acidified H2O2, syringe B contained 0.3 mM potassium 
dichromate. NB. Reaction volume concentrations, after mixing. 
The total shot volume was 250 microlitres. The data collection  
on the LAMBDA 465 was performed using the Ultra Kinetics 
package of the UV Lab software setup to collect scans with  
20 msec integration time (50 scans per second).

Two experiments were performed:

1.  Five seconds data collection during the rapid formation  
of the peroxychromic acid

2.  Three minutes data collection to observe the decomposition 
of the peroxychromic acid

The spectra obtained from the first experiment are shown in 
Figure 3.

The isosbestic point is quite distinct at 466 nm indicating a single 
step reaction – we see the disappearance of reagent at the 
shorter wavelength (360 nm) and the appearance of product, 
peroxychromic acid, at the longer wavelength (580 nm). Having 
all of the data available from the full range scans allows for the 
extraction of specific wavelength data from any wavelength in 
the spectral range. Figure 4 shows the plots representing the 
disappearance of reagent at 360 nm and the formation of the 
peroxychromic acid at 580 nm. Each point in the graph is 
collected at the 20 millisecond timescale.

Figure 1. Schematic of the TgK Scientific SFA-20 Rapid Kinetics Accessory.

Figure 2. The TgK Scientific SFA-20 Rapid Kinetics Accessory connected to the  
PerkinElmer LAMBDA 465 UV-Visible spectrophotometer.

Figure 3. Spectra obtained* during the 5 seconds of experiment 1. (*15 point smooth applied).
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The Kinetic Studio software (TgK Scientific Ltd) can be used to fit 
the data and calculate rate constants.

Figure 5 shows the fitting of the data at 580 nm to a single 
exponential model. The fit reveals a kobs = 1.56 s-1, close to the 
expected value.

After the initial reaction period of a few seconds the peroxychromic 
acid will slowly decompose, losing the blue colour and resulting in 
an absorbance decrease at 580 nm.

A longer experiment was performed collecting data in excess of 
160 seconds keeping the data collection rate at the 20 millisecond 
timescale. The single wavelength plots are shown as Figure 6.

The initial formation of the peroxychromic acid can be seen  
with a maximum at around five seconds into the reaction. Plotting 
the scan data (Figure 7) from five seconds onwards shows the 
decomposition of the peroxychromic acid (580 nm) and the 
depletion of the remaining reactant (360 nm) as observed in the 
single wavelength plots. It is clear that the complete decomposition 
of the peroxychromic acid would take a few minutes.

Now the decay of the quasi stable product, perooxychromic acid 
can be seen, smearing the isosbestic point and displaying a broad 
spectral change across all the observable wavelengths.

Summary

Stopped-flow is an extremely useful technique for performing  
fast chemical reactions on the millisecond up to seconds scale. 
UV-Visible spectrophotometry is an excellent technique for 
monitoring the chemical changes taking place during the 
reactions. Using a diode array spectrophotometer allows full  
range spectra to be collected at a 20 millisecond rate that is 
perfectly matched to the stopped-flow equipment. Having full 
range spectra gives significantly more information than could  
be achieved by monitoring single wavelengths, notably access  
to, and characterisation of transient components which can  

easily be missed at single wavelengths.
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Figure 4. Reaction plots showing the disappearance of reagent and formation of product. Figure 5. Kinetic Studio fit for the data at 580 nm. Absorbance data (blue dots), fitted data 
(red line) and residual (green line).

Figure 6. Absorbance plots for 360 nm and 580 nm.

Figure 7. Decomposition of the peroxychromic acid starting at five seconds.




