
Teaching	Plan	

Wednesday	07.03

Friday	09.03

Lecture	1:	Summary	+	Form	Factor

Lecture	2:	Structure	factor

Lecture	1:	Evaluation	of	Structure	factor	for	SC,BCC,	FCC

Lecture	2:	Crystal	structure	determination	from	x-ray	diffraction	data

Wednesday	14.03

Lecture	1:	Consolidation	of	new	knowledge	

Lecture	2:	Different	scattering	techniques

Friday	16.03:	Exercise	Class



Tasks	for	Next	week
(1)	Read	chapter	3:	Crystal	Binding	(less	than	20	pages)
Crystals	of	Inert	Gases
Van	der	Waals-London	Interaction
Repulsive	Interaction
Equilibrium	Lattice	Constants
Cohesive	Energy
Ionic	Crystals
Electrostatic	or	Madelung	Energy	+	Evaluation	of	Madelung	Constant
Covalent	Crystals
Metals
Atomic	Radii	+ Ionic	Crystal	Radii

Start	Reading	chapter	4:	Phonons

(2)	Refresh	your	harmonic	oscillator	knowledge
(3)	Solve	next	exercise	sheet
(4)	Summary	+	presentation:



Today’s	plan

Recap	of	the	problem	
- Powder	diffraction

Structure	factors	
- SC,	BCC,	FCC,	Diamond	structure,	…

Single	crystal	diffraction
- Instrumentation
- Laue	method

Paul	Scherrer Institute
- Neutron	diffraction

Outlook
- Protein	diffraction



H2S	under	pressure	- A	200	K	superconductor

Nature	Physics 12, 835–838 (2016)
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Quiz:	What	crystal	structure?

FCC FCC

BCC	or	SC



Quiz:	What	crystal	structure?

FCC FCC

BCC	or	SCDIAMOND



Solid State Physics

Exercise Sheet 3

FS18
Prof. Dr. Johan Chang

TA: Stefan Holenstein Due on 16th March

Exercise 1 Laue method

Estimate the maximal possible number of interference maxima of a Laue recording. Assume
that the voltage of the X-ray tube is 60 kV and the crystal is simple cubic with a lattice constant
of 0.2 nm. The X-ray tube produces a continuous spectrum of Bremsstrahlung.

Exercise 2 Debye-Scherrer method

Powder specimens of three different monoatomic cubic crystals are analysed with a Debye-
Scherrer camera. It is known that one sample is face-centred cubic, one is body-centred cubic,
and one has the diamond structure. The approximate positions of the first four diffraction rings
in each case are given in table 1. The meaning of the angle � is shown in figure 1. Pay attention
to the definition of the angle in Bragg’s law and the definition of the angle in the figure.

A B C
42.2� 28.8� 42.8�

49.2� 41.0� 73.2�

72.0� 50.8� 89.0�

87.3� 59.6� 115.0�

Table 1: The angles � of the diffraction rings in samples A, B, and C.

Sample�

�

Film

Figure 1: The working principle of a Debye-Scherrer camera.

a) Identify the crystal structure of A, B, and C.
b) If the wavelength of the incident X-ray beam is 1.5Å, what is the length of the side of

the conventional cubic cell in each case?
c) If the diamond structure were replaced by a zincblende structure with a cubic unit cell

of the same side, at what angles would the first four rings now occur?



BCC	or	SC?



BCC	or	SC?

(110)	or	(100)

𝜆 = 2𝑑	sin	(𝜃)



H2S	under	pressure	- A	200	K	superconductor

Nature	Physics 12, 835–838 (2016)

They	concluded	BCC



Measure	as	many	peaks	as	possible



DNA	structure:	X-ray	diffraction

The Nobel Prize in Physiology or Medicine 
1962 was awarded jointly to Francis Harry 
Compton Crick, James Dewey Watson and 
Maurice Hugh Frederick Wilkins "for their 
discoveries concerning the molecular 
structure of nucleic acids and its significance 
for information transfer in living material".



DNA	structure:	X-ray	diffraction
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Single	crystal	diffraction



Single	crystals,	poly-crystals,	powder



Single	crystal	diffraction



Single	crystal	diffraction



Single	crystal	diffraction:	x- rays



Single	crystal	diffraction:	x- rays
https://www.dectris.com/products/specific-solutions/diffraction
Dectris prize	for	best	physics	master	thesis



LAUE	
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Exercise 1 Laue method

Estimate the maximal possible number of interference maxima of a Laue recording. Assume
that the voltage of the X-ray tube is 60 kV and the crystal is simple cubic with a lattice constant
of 0.2 nm. The X-ray tube produces a continuous spectrum of Bremsstrahlung.

Exercise 2 Debye-Scherrer method

Powder specimens of three different monoatomic cubic crystals are analysed with a Debye-
Scherrer camera. It is known that one sample is face-centred cubic, one is body-centred cubic,
and one has the diamond structure. The approximate positions of the first four diffraction rings
in each case are given in table 1. The meaning of the angle � is shown in figure 1. Pay attention
to the definition of the angle in Bragg’s law and the definition of the angle in the figure.

A B C
42.2� 28.8� 42.8�

49.2� 41.0� 73.2�

72.0� 50.8� 89.0�

87.3� 59.6� 115.0�

Table 1: The angles � of the diffraction rings in samples A, B, and C.

Sample�

�

Film

Figure 1: The working principle of a Debye-Scherrer camera.

a) Identify the crystal structure of A, B, and C.
b) If the wavelength of the incident X-ray beam is 1.5Å, what is the length of the side of

the conventional cubic cell in each case?
c) If the diamond structure were replaced by a zincblende structure with a cubic unit cell

of the same side, at what angles would the first four rings now occur?
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Paul	Scherrer Institute



Paul	Scherrer Institute



Powder	diffractometer



Single	crystal	diffractometer



European	infra-structure	
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Synchrotron	experiments	on	proteins



SwissFEL
Swiss	Free	Electron	Laser



SwissFEL
Swiss	Free	Electron	Laser

SwissFEL – 2018	Commissioning	phase



line-splitting signature of CDWorder is absent at
low fields (6, 19) and the ultrasonic measure-
ments (22). Unfortunately, because of the rela-
tively coarse field interval in Fig. 3, it is difficult
to precisely determine the value of the onset field

(Fig. 3, B and C, shaded area) or to distinguish
whether the field-induced CDW emerges in a
phase-transition or a crossover.
Data shown in Fig. 3 motivate scrutiny of

the field-induced CDW in the l ~ 1 region at the

highest accessible magnetic field of 28 T. Given
our experimental configuration (24), a larger l
range is accessible near l = 1 by monitoring the
equivalent CDW reflection near (0, 2+q, l), rather
than near (0, 2-q, ~1). As shown in Fig. 4, A and B,
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Fig. 2. Temperature
dependence of the CDW
order at m0H = 20 T.
(A) Top and bottom show
the evolution of the
projected (0, 2-q,½) CDW
peak profile along the k
direction and the difference
map of the diffraction pat-
tern between m0H = 0 and
20 T, respectively, at repre-
sentative temperatures of
T = 67, 40, and 10 K.
Positions are given in
reciprocal lattice units
(r.l.u.). Solid lines are
Gaussian fits to the data
with a second-order
polynomial background.
(B) Temperature
dependence of the peak
height from the projected
CDWprofiles at 0 and 20 T.
(C) Peak height of the
projected CDW profiles
near l ~ 1 as a function of
temperature.The projected
CDW profiles [inset, traces
offset by 10 counts (cts)]
are obtained from the 2D
difference map by integrat-
ing near l~ 1, as indicated in
(A). As a comparison, NMR
data taken from (6) are
superimposed. Dashed
lines are guides to the
eye. Error bars correspond
to 1 SD.

Fig. 1. Experimental setup and zero-field characterization. (A) The milli-
secondpulsedmagnetic field and femtosecond x-ray FELpulses are synchronized
to obtain a diffraction pattern from the YBCO single crystal at the maximum
magnetic field. The diffraction pattern was recorded by use of a 2D pixel array
detector. (B) Zero-field diffraction pattern showing the (0, 2-q, T½) CDW peaks
and the tail of the (0, 2, 0) Bragg peak (d1= –0.118, d2 = 0.001, d3 = 0.021). The

sample rotation anglewas optimized for theCDWposition and not for the (0, 2,0)
Bragg peak (24). (C) The temperature dependence of the CDWpeak height near
(0, 2-q, ½) measured at the x-ray FEL is shown with red symbols.We have also
taken data at synchrotron light sources using hard (blue symbols) and soft (green
symbols) x-rays (24), which are shown for comparison.The dashed line is a guide
to the eye, and the error bars denote 1 SD as obtained from the peak fitting.
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Femto-second	pulses	(1x10-15 s)
#	photon/	pulse	=	synchrotron-#photons/sec	

Free	Electron	Laser



X-ray	Free	Electron	Laser	experiments	
on	proteins



Protein	structure	determinations


