Light Scattering at the 
Keck Biophysics Facility Handbook
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1. Instrument specifications

Model: 

BI-200SM Goniometer 

BI-9000 AT Digital Correlator

3 W Ion-Argon Laser, set at 514.5nm plus additional chromatic alignment lenses

Manufacturer: 
Brookhaven Instrument

The instrument is in accordance to the primary needs of biostructural research set up for dynamic light scattering at a 90° angle.

· Accessible particle size: from 1-3nm to 2-3µm

Please note: while the Keck instrument is able to measure particle sizes down to the single digit diameter size, it will be incredibly hard to prepare a sample clean enough to actually do this! 

Rule of thumb: anything smaller than 5nm becomes extremely difficult to measure reliably with dynamic light scattering.

· Correlator delay time 25ns-1310s >> dynamic range over 10 decades

· Delay time axis is user selectable (except fixed channels): linear, constant ratio, or individual time point distribution

· Manual or computer controlled operation via user customized macros 

· Maximum Count Rate: 4 x 107 per s.

· Thermostated goniometer: 10.0 C to 75.0 C.

2. Supplies to bring for your experiment

We recommend that you bring the following items which are either required for the operation and the cleaning, or have been proven useful to have.

· Dustfree sample handling tools

· Sample vessel of your choice (Please check our numerous Goniometer inserts for compatibility)

· If applicable: centrifuge tubes for air centrifuge available (Please contact Keck staff for specifics)

· Kimwipes and/or paper towels

· Floppy disk(s) for data

3. Supplies provided by Keck Facility

· Optional: 0.2 micron sample filter

· Optional: sample glass tubes

· Decaline solution

4. Things to consider in advance 

· Please confirm that your sample does not absorb significantly at 514nm, and that no photo induced reaction is expected at this wavelength.

· Extreme care must be taken to prepare a particle solution of homogeneously sized particles! Any dust present can prevent you from collecting meaningful data. 

· You must run the decaline-filter loop for approximately 1-5 minutes after the sample has been placed in the goniometer and before the measurement is started. 
If the reflections from dust do not disappear in the light path, contact the Keck staff as the filter may need to be changed.
The Facts about Light Scattering: 

· Light Scattering is a non-discriminating method, 
(the raw signal originated by the “particle of interest” can’t technically be distinguished from the raw signal caused by “contamination” or dust particles).

The intensity of the light scattered is proportional to the particle diameter to the sixth power 

(d)6 ( Intensity, →I (20nm)6= I (2nm)6 (10)6
In other words; the light scattering Intensity of one single 20nm sized particle looks like 106 2 nm sized particles. 

Therefore, while the Keck instrument is able to measure particle sizes down to the single digit diameter size, it is difficult to prepare a sample clean enough to actually do this! 

· Light Scattering is a very weak phenomenon, (a sufficient particle size density is needed to generate an acceptable signal).

· Rule of thumb: Use 3-10mg/ml solutions of proteins of M=50-100kD

· Minimum volume: Depends on type of vial used, smallest vials require min 40µl

· It is a good idea to use standard solutions (polystyrene or silica particle solutions of standardized size) to test your experimental approach. However, keep in mind that these standard solutions need to be prepared filtered and dust “free.”

Also, these solutions have a limited lifetime; the detection of larger then expected diameters usually indicates that a standard solution has expired.

· Do I need to be concerned about “angle dependence”?

If your protein is “small” (a diameter less than 1/20th the vacuum wavelength of the incident light, i.e. 514nm/20=25.7nm), there will be little angular dependence to the scattering (Rayleigh scattering) 

Restricting the measurement to a 90 degree experiment is appropriate even for molecules bigger than 25nm, since other interferences like the presence of contamination particles, structural water inclusion in protein molecules, instrument alignment imperfections, etc. all influence the result of the experiment to a much greater extent.  Therefore, acquiring data at different angles does not increase the reliability of the data.

In conclusion, the instrument at the Keck Facility has been aligned with great care for 90 degree measurements only!

5. How to operate the Light Scattering Instrument 

The following are provided as general guidelines for use of the Keck Light Scattering instrument.  For more detailed instructions about specific operation principles refer to the manuals. In addition, please feel free to ask the Keck staff for help or advice at any time.

5.1. Before you switch anything on…

· Follow the Keck Radiation Policy and perform the radiation check

· Assure that the PMT (detector) aperture is closed and the laser shutter is closed (the shutter is on top of the laser housing behind the computer monitor)
· Check the decaline filling level of the goniometer.  If it is low, fill it up with the decaline provided under the desk.

5.2. Start and Warm up the Laser

· Read the Laser Safety Instructions and follow them:

· It is recommended you wear goggles

· Hang the Laser warning signs on doors and curtain

· Turn on the cooling water.

· Turn the key clockwise.

· Press "Power on" button 

· Wait for "Ready" lamp to come on 

· Press "Start" button: The Laser should start, but you will need to open the shutter to see it...

The Laser includes an Etalon which improves the beam quality and which is temperature controlled. In order to avoid warm up time we keep the heating cycles switched on permanently. 

Do not switch off the taped circuit breaker switch "Line"!

5.3. Getting started

· Match sample vial with Goniometer brass insert

· Prepare your sample and insert it into goniometer

· Open the laser shutter and align your sample appropriately

Observe utmost caution and all laser safety instructions!

· Run the decaline filter pump

A dustfree environment is essential for a successful light scattering experiment. Accordingly, clean the dust out of the decaline solution in the goniometer by running the filter pump prior to starting each of your measurements. Check the efficiency of the filter procedure by observing the rate at which dust reflections disappear in the laser path.

Please note: a properly working filter should clear the decaline solution within 5 minutes. Please notify the Keck staff if filter efficiency declines, so that we can change the filter as needed.

5.4. Begin your experiment

· Log in using the Log computer 

· Turn on the computer

· Press “cancel” when prompted for password

· Start Light scattering software 

· Adjust the experimental parameters as needed. Refer to “Instruction manual for BI-9000AT Digital Correlator” available beside the instrument for further guidance.

Alternatively, please refer to Section 6.1 for some suggestions concerning experimental parameters, which has worked well for starting users in the past.

· Open the aperture of the PMT (Detector) to a pinhole size of 100 or 200 depending on signal strength and begin data acquisition 

Do not use wider apertures to compensate for a weak signal. The concept of DLS relies on using small apertures!

· Open the aperture of the PMT  from the closed position to 514nm.

· Start collecting data by pressing the “green light” icon.

5.5 Shut Down procedure

· Save your data

· Close the aperture of the PMT (Detector) 

· Close the shutter on top of the laser
· Remove your sample from the goniometer

· Close the software

· Shut down the PC 

· Logout using the Logterminal

· Switch off the laser as follows: 

1. Press "OFF" button on the laser power supply unit

2. Turn the key counterclockwise

Do not switch off the taped circuit breaker switch "Line"!

· Take down the laser warning signs

· Clean up the work place

· Wait approximately 1/2 hour before switching off the cooling water

Do not forget to switch off the cooling water!!!

(Leaving it switched on could cause serious water damage)

6. Tips-General

Always start by taking a test counting run with no sample in place. You are supposed to get a straight line, since nothing should scatter any light into the detector. If you do see spikes (artifacts) in the CRH Window (Count Rate History) you should re-run the decaline filter pump.

6.1. Suggestions for experimental parameters

These are only suggestions!

 Please refer to “Instruction manual for BI-9000AT Digital Correlator” available beside the instrument for further guidance.
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6.2. Software features: Residuals
You cannot adjust the y-scale manually. It is scaling itself according to the data, which may have been upscaled due to afterpulsing.

Try excluding a number of channels: 
1. Click the "Parameter" button in the “Rev #” window, change “First Calc. Channel” from default value 2 to any other channel you want to set as a start point for your analysis

2. Open the "Residual" window. It will reflect your settings.

Note: This change won’t affect the display of your correlation function (CF #-window). It will only determine the data set, which will be used for any analysis including “Residuals”

6.3. Software features: Data Revue window
You can use the same raw data file for several analysis approaches displayed in several windows, which you can view at the same time. 

Open a saved raw data file…

Go to File(Database(highlight your file(Open File(click "Parameter" button(adjust your data set for your first analysis approach(open any analysis window (Residuals, Cumulant analysis, Contin etc.). done!

Rev 1 window will reflect your settings.

Now you want to try a different analysis approach…

Go to Correlation Function(File Revue window(open new window(load your data into the analysis window by highlighting the file under the “Fn list” button(click "Parameter" button(adjust your data set for your next analysis approach(open the analysis window of your choice(done!

The second analysis window will be linked to the Rev 2 window while the first analysis window will stay linked to the data set defined under Rev 1. 

6.4. Using Macros for unattended data acquisition

Example:
Acquire, for instance, 10 data sets, each measured for three minutes

· Open Dynamic light scattering software

· Place your sample in the goniometer

· Go to Tools\Cmm

· Three windows appear. Move the Cmm-window to the side.

· In the Cmm (source code)-window click, for example, on Load\Open\c:\Cmm-script\Ed1

· Start, pause or end the script by clicking on so named buttons in the Cmm-window

For further details please refer to the Cmm manual.

 Also reference the Data Analysis- company comments excerpt in the “Additional Info” guide
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