Read this modified extract and then answer the questions following:
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X-ray diffraction data collection and analysis

Small angle X-ray scattering was carried out by aligning the membrane multilayer samples at neatgrazing incidence with respect to the X-ray beam. The radiation source was a collimated, monochromatic Xray beam (CuK, 15.4 nm) from a Rigaku RU200 (Danvers, MA) rotating anode microfocus generator. The fixed geometry beamline utilized a single Franks mirror, providing nickel-filtered radiation (Kand K2 unresolved) at the detection plane. The beam height at the sample was ~3 mm.

Bragg's diffraction data from the oriented membrane multilayer samples were recorded on a one-dimensional position-sensitive electronic detector (Innovative Technologies, Inc., Newburyport, A). In addition to direct calibration of the detector system, cholesterol was used to verify the calibration.

The sample-to-detector distance used in these experiments was 150 mm. Each individual lamellar diffraction peak was background-corrected using a linear subtraction routine which averaged the noise. The intensity functions were corrected  . . . . . . the Lorentz correction, in which is the wavelength of radiation (15.4 nm) and (is the Bragg angle equal to one half of the angle between the incident beam and the scattered beam.  . . . .

Results

Effect of (25-35) on membrane structure

X-ray scattering from membrane multilayers composed of POPC and (25-35) produced a highly reproducible meridional diffraction pattern at 5C and 20C. In the presence of 2.0 mM NaCl, the control POPC lipid bilayer d-space value (the distance between the centre of one membrane bilayer to the next, including surface hydration) was 60.8 ± 0.3 (10-10m, and intrabilayer headgroup separation was 48 (10-10m. Following addition of (25-35) at a 1:5 protein to lipid mass ratio, the d-space value was not significantly changed, 61.1±0.3 (10-10m. At 20C, the POPC membrane d-space values were 53.6 (10-10m and 53.2 (10-10m in the absence and presence of (25-35), respectively, and the intrabilayer headgroup separation was 40 (10-10m.  . . . . 
Possible Questions:

1. Find the angle ( for the d-space layers of 60.8 ± 0.3 (10-10m, 48 (10-10m, and 40 (10-10m
2. What are the corresponding angles between the incident beam and the scattered beam for each of the above d-space layers.
3. Explain the importance of the X-ray beam being collimated and monochromatic.
4. What is the frequency of the X-ray?
5. Why would the beamline be passed through a filter?
6. Would this filter be necessary if a synchrotron produced the radiation? Explain.
Answers:

1.
use n( = 2dsin(

( ( = sin-1((/2d)
( = 15.4 nm

	D (( 10-10m)
	(
	2(

	60.8
	0.73
	1.46

	48
	0.92
	1.82

	40
	1.1
	2.2


2. Angle between incident & scattered beam = 2(. See table above

3. Collimated means all rays are parallel. If this was not the case we would not be able to detect the constructive interference pattern with the detector.

If the light was not monochromatic (of a single frequency) the interference pattern would not exist due to differing wavelengths.

4. c = f( ( ( = c/f = 1.95 ( 1016 Hz

5. To produce a monochromatic light source (filter out unwanted frequencies).

6. Yes. Synchrotron light is not monochromatic at the source. Even undulators produce several frequencies although at widely spaced intervals. 

