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The or i gins of CrysAlisPro date back 20 years. At the
‘Institut de cristallographie’ in Lausanne (Swit zer land) un -
der the guid ance of Prof. Gervais Chapuis we stud ied 1 and
2D in com men su rate ma te ri als. As part of my PhD we de -
vel oped a CCD de tec tor and the soft ware suited for in com -
men su rate re search.

Since that time CrysAlisPro un der went dras tic changes,
but the un der ly ing data col lec tion and data re duc tion en -
gine is well suited for ma te ri als with up to 3 q-vectors. 

The talk will de scribe all tools re quired for a suc cess ful
ex per i men ta tion and data re duc tion/anal y sis for in com -

men su rate and quasi-crys tals. It will ex plain the ex per i -
men ta tion and data re duc tion workflow, com ment on
strat egy, unit cell find ing and op ti mi za tion (re cip ro cal
space vi su al iza tion us ing EwaldPro), de scribe the data re -
duc tion and post cor rec tion is sues, ex plain the bind ing to
ex ter nal pro grams (es pe cially Jana2006). Fur ther more the
gen er a tion of ‘Precession’ reconstructions will be
explained.

Ex am ples will be taken from my per sonal re search and
our ap pli ca tion work at Rigaku Ox ford Dif frac tion.
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In re cent years, mod u lated struc tures have at tracted var i ous 
sci en tists on ac count of their in ter est ing struc tures and

phys i cal prop er ties. The num ber of mod u lated struc tures
be ing pub lished is in creas ing steadily in di cat ing the need
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Fig ure 1. An ex am ple of phase iden ti fi ca tion of a mod u lated struc ture.



for a da ta base to house them and de scribe them prop erly.
In ter na tional Cen tre for Dif frac tion Data’s (ICDD) Pow der 
Dif frac tion File™ is a pow er ful da ta base for ma te ri als
iden ti fi ca tion and is used ex ten sively by the sci en tific com -
mu nity for seven de cades. Start ing in year 2010, ICDD
took the ini tia tive to de velop a da ta base to meet the re quire -
ment of grow ing sci en tific in ter est in this area of mod u -
lated struc tures. The num ber of mod u lated struc tural
en tries are steadily grow ing in the Pow der Dif frac tion

File™ since re lease 2011. For any qual ity da ta base, a good
ed i to rial pro cess in volv ing strin gent data val i da tion is es -
sen tial, which has been achieved by the JANA2006-ICDD
suite. This pre sen ta tion will em pha size the data val i da tion
pro ce dure, ex plor ing var i ous type of mod u lated struc tures
us ing the da ta base and search/match meth ods. One such
case study show ing phase iden ti fi ca tion of a mod u lated
struc ture is shown in Fig. 1.
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Un der stand ing and pos si ble pre dic tion of in ter est ing prop -
er ties of a ma te rial de pends upon heavily on the pre cise
knowl edge of the atomic struc ture of the ma te rial. The
struc tural or der ing of the ma te rial can vary from very short
range or der ing/no or der ing (amor phous ma te ri als) to lon -
ger range or der ing (crys tal line ma te ri als). Trans mis sion
elec tron mi cros copy (TEM) al lows to study ma te ri als with 
vary ing de gree of or der us ing Elec tron Dif frac tion (ED) 
tech niques.  Here we pres ent how ED can be used to study  
ma te ri als from or dered nanoparticles   to amor phous.

Ma te ri als  hav ing  long range or der will show al ways
Bragg dif frac tion peaks. To solve their crys tal struc ture,
3D  dif frac tion to mog ra phy  data (cou pled with  beam pre -
ces sion)  can be col lected on a  sin gle  crys tal of suit able
size (40 nm -200 nm) and  ro tat ing the crys tal around an ar -
bi trary axis . Such 3D pre ces sion dif frac tion to mog ra phy
data [1] can be ana lysed us ing soft ware that al lows
semi-au to matic unit cell de ter mi na tion and mea sure re flec -

tion in ten si ties. Ex tracted in ten si ties can be used to reveal
all atomic coordinates in the structure.

On the other hand, any type of struc tural dis or der/ de -
fects may re sults in ED dif fuse scat ter ing and in many cases 
even com plete dis ap pear ance of Bragg re flec tions (case of
amor phous ma te ri als). In such cases  Pair Dis tri bu tion
Func tion  (PDF) anal y sis [2] cal cu lated from ED  data can
be  used very suc cess fully to study lo cal  struc tural en vi ron -
ment  and the de gree of long/short range or der of the ma te -
rial  (amor phous or nanocrystalline). In our work  here  we
pres ent two ex am ples : one case con sid er ing NaYF4
nanoparticles  where PDF anal y sis  shows clearly  ex is -
tence  of  long range or der (nanoparticle case) and  in an -
other case  we con sider amor phous  Opal min eral where 
us ing  PDF  anal y sis only short range or der is vis i ble (un til
0.8 nm).  In ad di tion, ED re lated tech niques like ASTAR
(ori en ta tion im ag ing in TEM) al lows to ana lyse at nm scale   
pre cise amor phous and crys tal line ar eas, re veal ing the true
or der of com plex ma te ri als [3].
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Fig ure 1. Pair Dis tri bu tion Func tion for a Nanoparticle (long range or der) (left im age) and an amor phous opal (right im age) min eral
which shows only short range or der ing < 0.8 nm.
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Many aperiodic til ings can be gen er ated in two dif fer ent
ways: ei ther by the cut-and-pro ject method or by an it er -
ated-sub sti tu tion scheme.  What ex actly is the re la tion ship
be tween these two ap proaches?  I be gin by sort ing out this
ques tion ex plic itly in the sim plest case -- i.e. for 1-di men -
sional quasicrystals "of or der 2" (i.e. ob tained from a 2D

lat tice by the cut-and-pro ject method) -- in which case
there is a beau ti ful an swer, con trolled by the mod u lar
group.  I then dis cuss how the re sults ex tend to the more
gen eral case of n-di men sional quasicrystals of or der N.  In
par tic u lar, I con sider the limit as N goes to in fin ity, and dis -
cuss the re la tion ship with large ran dom ma tri ces.
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