
Soft 
ondensed matter physi
s I, spring 2010Exer
ise 1The answers are to be returned no later than Tue 2.2.2010 at 16:00. The answers aredis
ussed in the exer
ise session Thu 4.2.2010 at 16:00, room D115.Crystallography, stru
tural organization and x-ray di�ra
tion.1. a) There are 7 possible 
rystal systems. Name them all and state the minimumsymmetry elements that de�ne them. (1 p.)b) Suppose a simple re
tangular (2D) latti
e. Sket
h the planes 
orresponding to Millerindi
es (010), (110), (230) and (	110). (1 p.)
) What are the 3 Bravais latti
es in the 
ubi
 system? Sket
h planes (100), (110) and(111). (1 p.)2. a) What is the 
oordination number for 1) in�nite 1D linear 
hain 2) in�nite simplere
tangular 2D latti
e and 3) in�nite 3D b

 latti
e.b) Cal
ulate the number of parti
les needed in a 1D linear 
hain to get a 
oordinationnumber of 1.6. How about 1.9? (1 p.)
) Sket
h the RDF (radial distribution fun
tion) of an ideal h
p 
rystal up to the 4th
oordination shell as a fun
tion of latti
e 
onstant a. (1 p.)3. The 
lassi
al formula in the theory of x-ray s
attering gives the amplitude of radiations
attered by the point M (Fig. 1)
A ∝ f exp [−i

2π

λ
(s− s0) · 0M],where f is the s
attering fa
tor of point M , 2θ is the s
attering angle, λ is the wavelengthof radiation and s and s0 are unit ve
tors. Using the geometry shown in Fig 1,a) Show that the length of the s
attering ve
tor q is (2 pts.)

q =
4π sin(θ)

λ
.b) Why is it 
onvenient to express the s
attering in units of q [1/Å℄ instead of s
atteringangle 2θ [◦℄ (1 pt.)?

Figure 1: S
attering from a single parti
le. TURN PAPER



4. The S
attering intensity is related to the form fa
tor f(q) of the s
attering parti
le(i.e. I(q) = |f(q)|2). The form fa
tor of an arbitrary ele
tron density fun
tion ρ(r) 
an be
al
ulated as
f(q) =

∫
ρ(r) exp (iq · r)d3r.a) Cal
ulate the form fa
tor of a hollow homogenous sphere with an inner radius of r1and an outer radius of r2. (2 pts.)b) Plot the s
attering intensity of a hollow sphere between q = 0 − 10 [1/nm℄ with thefollowing parameters:1) r1 = 4 nm; r2 = 10 nm,2) r1 = 6 nm; r2 = 10 nm and3) r1 = 8 nm; r2 = 10 nm.In the plots, please use linear q-axis and logarithmi
 intensity axis. Elaborate on thedi�eren
es between the plots. (1 pt.)5. PowderCell 
omputer program. Download and install PowderCell from the linkprovided in the homepages of the 
ourse. The Powder
ell stru
ture �le of 
ellulose-Iβ isalso given in the homepages. Use PowderCell to answer the following questions.Cal
ulations are not required. Ea
h answer is worth 1/2 points.a) Use File -> Load to open the Cellulose-Iβ stru
ture data. Using Stru
ture -> Editinitial data: what are the latti
e parameters of the unit 
ell of Cellulose-Iβ. Whi
h
rystal system 
ellulose-Iβ belongs to?b) Plot the unit 
ell as 111-proje
tion (Stru
ture -> Proje
tion plane). Print and atta
hthe �gure to your exer
ise paper. Whi
h axis is the 
ellulose 
hain axis?
) Cal
ulate the powder di�ra
tion pattern (Di�ra
tion -> Di�ra
tion ON ). Make surethe wavelength of radiation 
orresponds to Cu Kα1 (Di�ra
tion -> Experiment). Whatare the three strongest re�e
tions?d) Try (Di�ra
tion -> HKL - List). What are the s
attering angles (in 2θ [◦]) of thethree strongest re�e
tions?e) What latti
e spa
ings d [Å℄ do they 
orrespond to?f) Change the radiation to Mo Kα1. Compare the results to the values obtained fromproblem d) and e). What are the di�eren
es and why?Re
ommended reading on the subje
ts at handHook & Hall, Solid state physi
s, 
hapter 1.Cullity & Sto
k, Elements of x-ray di�ra
tion, 
hapters 2 & 4.Als-Nielsen & M
Morrow, Elements of Modern X-ray Physi
s, 
hapter 4.Nishiyama et al., Crystal stru
ture and hydrogen-bonding system in 
ellulose Iβ fromsyn
hrotron x-ray and neutron �ber di�ra
tion, J. Am. Chem. So
. 125 (2002),9074-9082.


