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Circular dichroism (CD) is the difference in absorption between left  and right 
circularly polarised light by a chiral chromophore.

CD is difficult to measure because the signal is typically ~104 times smaller than 
the overall absorption.

In proteins, CD of the amide chromophore reports on secondary structure 
(proportions of alpha helix, beta sheet, turns, etc.).

Energy (eV)8 4
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Uses modulation and phase-locked detection.

Time resolution is limited by the modulation frequency (typical PEM 50 kHz).

Conventional detection methods limited to around a millisecond.

Gated detectors should allow the technique to get close to the PEM limit (20 ms).

Laser-like sources should permit the use of smaller PEMs with higher resonant 
frequencies and hence faster time resolution.

Spectra usually obtained using scanning monochromators.

Time-resolved measurements usually single wavelength.

Array detection techniques should allow the collection of the entire spectrum 
simultaneously.
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Why?

Secondary and tertiary structure development during protein folding can extend to 
the millisecond time-scale. Well-matched to stopped-flow methods used to initiate 
processes.

NLS Sources

Undulators would be good for dispersive, array detected CD if the bandpass is 
wide enough – ideally need 3 eV (100 nm), 1.5 eV (50 nm) would still be useful. 

VUV-FEL could be used for single wavelength measurements but would need fast 
wavelength tuning to be useful.

But bending magnet sources on storage rings are probably more appropriate for 
this type of work.
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Quasi-null ellipsometric method.

Use CW or quasi-CW sources.

Time-resolution limited by the detection 
electronics and S/N.

Alternatively use in a pump-probe mode 
with variable delays between pump and 
probe pulses. Limitation is then the pulse 
width.

Can be subject to artefacts from sample 
birefringence but these are minimised by 
careful design of optics. 

Flashlamps are good for energy-
dispersive work but not very bright.

Conventional lasers limited in wavelength 
range and tunability.

CD signal is weak and S/N is a big 
problem.Wen et al., Rev. Sci. Instrum. 67 (9),1996.
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Optical rotatory dispersion has a stronger 
signal than CD so S/N is improved.

It is also less sensitive to the artefacts that 
can be problematic for ellipsometric CD.

Time-resolution limited by the detection 
electronics and S/N.

Alternatively use in a pump-probe mode 
with variable delays between pump and 
probe pulses. Limitation is then the pulse 
width.

Flashlamps are good for energy-
dispersive work but not very bright.

Conventional lasers limited in wavelength 
range and tunability.

ORD data are more difficult to interpret 
than CD data.Chen et al., Rev. Sci. Inst. 76 (2005). 
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Why?

Although the complete folding process can extend into the millisecond to second 
regime, important conformational events, such as � -helix and � -hairpin formation are 
known to occur on a much shorter time scale.

The initial hydrophobic collapse of the protein is also usually sub-ms.

NLS Sources

Undulators should be excellent for dispersive, array detected ellipsometric CD/ORD 
if the bandpass is wide enough – ideally need 3 eV, 1.5 eV would still be useful. 
Alternatively fast tuning undulators could be used for single wavelength 
measurements.

VUV-FEL could be very good for single wavelength measurements but would need  
fast wavelength tuning to be useful.



1 kHz pulses from lasers – true pump-probe method so timing information comes from a variable delay
between pump and probe pulses.

Probe pulses are switched between left and right circularly polarised light so this is a true CD measurement
and not subject to the artefacts that can affect ellipsometric measurements.

Time-resolution is only limited by the laser pulse width.
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Why?

Secondary structure formation takes ns-ms, but there is evidence for faster 
processes, e.g. helix nucleation, helix “zipping”. 

Theory shows that picosecond fluctuations in secondary structure are crucial in 
determining reaction rates in proteins but experimental verification is lacking. 

NLS Sources

Undulators again excellent for dispersive work if radiation is ‘white’ enough but
can they give pulses at kHz rep rates with pulse energies at the microjoule level?

VUV-FEL should be ideal for single wavelength measurements. Again would need 
fast wavelength tuning to be useful. kHz rep rates would be required. 60 mJ pulses 
are apparently possible.
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The principles and instrumentation for the measurement of fast time-
resolved CD are fairly well developed. 

But sub-ms measurements have generally been restricted to ‘proof-of 
principle’ with limited ‘real science’.

One of the main reasons for this is a lack of suitable sources – need 
high brightness and coverage of the ‘deep UV’ region. 

Other parts of the spectrum are potentially very valuable for 
polarisation spectroscopies, e.g. VCD, THz CD, ROA. Again the 
availability of suitable sources is limited.

We require spectra not single wavelength measurements if the CD 
data are to provide quantitative dynamic information.



FUNCTION

“The goal is to watch proteins in action in real time at atomic resolution.”

The combination of high-resolution protein structural information with 
dynamics from fast CD on NLS, time-resolved CD on DLS, other laser-
based techniques (e.g. IR, Raman, single molecule spectroscopy), and 
MD simulations will allow us to get closer to this goal.  

STRUCTURE


