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Ab stract
There are sev eral pro grams or soft ware pack ages avail able
for struc ture vi su al iza tion. A sur vey of some of them has
been pub lished in Ma te ri als Struc ture [1]. In this con tri bu -
tion, some com mer cial sys tems are men tioned. They usu -
ally in clude in ter ac tive graphics when the struc tures can be
eas ily ro tated and moved by mouse. There are many vi su al -
iza tion op tions of struc tures, calculation of bond lengths
and an gles and as a rule also cal cu la tions and vi su al iza tion
of pow der dif frac tion pat tern. Four sys tems are char ac ter -
ized in the re view - Crys tal Im pact soft ware, Crys tal
Maker, Crys tal Stu dio and Crystallographica in clud ing li -
cens ing op tions.

Crystal Impact software

Soft ware com pany Crys tal Im pact [2] dis trib utes mo lec u -
lar and crys tal struc ture vi su al iza tion soft ware Di a mond.
In ad di tion to struc tural pictures it also of fers an ex ten sive
set of func tions that let eas ily model any ar bi trary por tion
of a crys tal struc ture from a ba sic set of struc tural pa ram e -
ters (cell, space group, atomic po si tions). It sup ports both
crys tal and mo lec u lar struc tures (i.e. with and with out
translational sym me try). Each struc ture set can con tain:
atomic pa ram e ters, cell pa ram e ters and space-group (op -
tional), anisotropic dis place ment pa ram e ters, chem i cal and 
bib lio graphic data (au thor, ref er ence, da ta base or i gin, etc.). 
Sup ports mul ti ple struc ture pic tures for a struc ture data set.
It al lows im port ing of num ber of dif fer ent for mats (e.g.
CIF, SHELX, XYZ, CRYSTIN etc.). Struc ture pic tures
can be ex ported to 3D VRML and many graphical for mats
of 2D pic tures. Ba sic screen can be seen on Fig. 1.
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Fig ure 1. Ba sic screen of Di a mond soft ware



For each struc ture sev eral win dows can be open - pic -
ture, data set (atomic pa ram e ters - Fig. 2), dis tances and an -
gles, pow der pat tern. Op tions for build ing model and work
with struc tural pic ture can be found in the bot tom toolbar.
They are also accesible in the top menu. If the ro ta tion of
struc ture is slow on the par tic u lar com puter, on-line ren der -
ing (shad ing) should be switched off.

The fea tures can be sub di vided into sev eral cat e go ries
(see [2]).

Struc ture con struc tion has the fol low ing op tions:
• Op tional as sis tant that helps to cre ate a struc ture pic ture

from scratch or to mod ify a pic ture.
• Op tional “Auto-Builder” that cre ates pic tures au to mat i -

cally or ac cord ing to a user-de fined strat egy (“scheme”). 
Use ful when vi su al iz ing a lot of sim i lar struc tures. 

• Con ver sion be tween “crys tal” and “mo lec u lar” struc -
tures, i.e. add ing or re moval of cell and sym me try in for -

ma tion.
• Fill ing of unit cell, mul ti ple cells, any cell range, or

boxes or spheres around se lected cen tral at oms.  
• Fill ing of user-de fined rect an gu lar ar eas within the

screen.
• Fill ing of slabs along a plane (hkl or least-squares) or be -

tween a plane and the walls of the co or di nate sys tem. Se -
lec tion of at oms to con struct sublattices.  

• Dis cus sion of con nec tiv ity as sisted by his to grams show -
ing the dis tri bu tion of dis tances be tween se lected atom
types, to gether with au to matic cal cu la tion and check ing
of dis tance ranges.  

• Cre ation of bonds au to mat i cally, bas ing on
connecitivity, or man u ally by in sert ing bonds be tween
two at oms each. 

• Gen er a tion of at oms from pa ram e ter list serv ing as ini -
tial at oms for build ing up com plex frame works. 

• Com ple tion of co or di na tion spheres around se lected at -
oms. 

• Au to matic gen er a tion of mol e cules or com ple tion of
frag ments which has been clipped at cell edges.  

• Cre ation of “bro ken-off” bonds to sig nal in fin i tes i mal
chains, lay ers, or 3D-frame works. 

• Cut, copy and paste of struc tural parts be tween struc ture
pic tures: A frag ment of a struc ture pic ture (or the
whole pic ture) can be cop ied. The cop ied frag ment can
be pasted into a blank or an other pic ture of the same data
set.

Vi su al iza tion mode 
• Vari able zoom fac tor 
• Mod els, as signed glob ally or in di vid u ally to sin gle or

groups of at oms (al lows mix ing of dif fer ent mod els in

one and the same pic ture - Fig. 3):  Ball-and-stick (reg u -
lar),  el lip soid, space-fill ing, sticks or wires (de pend ing
on bond ra dius).

• Def i ni tion of views along spe cial axes or to ward spe cial
planes. 

• Cen tral or par al lel pro jec tion, depth cueing, and ste reo
dis play. 

• Photorealistic ren dered mod els with user-de fined light
source and ma te rial prop er ties (OpenGL- POVRay, Fig.
4). 

• Vari a tion of col ors, styles and ra dii of atom groups and
bonds. In di vid ual de sign of each sin gle atom is pos si ble. 

• ORTEP-like atom styles (el lip ses, oc tants) in both flat
and ren der ing mode. 

• Op tion ally fragmentated and two-col ored bonds. 
• La bel ling of at oms and bonds. User-de fined text, can be

placed at ar bi trary po si tion of pic ture. 
• Gen er a tion of co or di na tion poly he dra: Around cen tral

at oms of se lected groups or around in di vid u ally se lected
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Fig ure 2. Data sheet win dow

Fig ure 3. Di a mond struc ture vi su al ized in dif fer ent way in dif fer -
ent parts (stan dard, space fill ing), units cell and axis drawn.



at oms, built up from se lected ligand at oms, op tion ally
with trans par ent or hatched sur faces.

• Def i ni tion of (trans par ent) lat tice planes and (best)
planes or lines through se lected at oms. 

• Add ing of vec tors to at oms to in di cate e.g. a mag netic
mo ment.

• Gen er a tion of H-bonds.
• Al ter na tive color differentation to vi su al ize ox i da tion

num bers, site oc cu pa tion fac tors etc.

An i ma tion:

• Mo ve ment of structu re pictu re: Modes: ro tati on along
x-, y-, and/or z-axis, ho ri zon tal and/or ver ti cal shift wi -
thin dra wing area, va ri ati on of en lar ge ment fac tor
(from Angstro ems to cen ti me ters), 

• va ri ati on of ca me ra distan ce (per specti ve im pres sion).
Con trolled by: Mou se (the fas ter the mou se the fas ter the 
ro tati on etc.), key bo ard (e.g. one de gree ro tati on per
key stroke), nu me ri cal ly (in put through di a log).

• Op ti o nal “Spin” functi on, i.e. ac ce le rati on of mo ve ment.
• Con tin u ous mo ve ment, which can be in terrup ted and

con ti nued.
• Walk-through mode, ena bling the ca me ra/viewer to na -

vi ga te through the structu re pictu re. 
• Re corder that helps to cre ate video se quences, e.g. as

AVI files.

Ex plo ra tion: 
• Cal cu la tion of pow der pat tern: Vari a tion of dif frac tion

pa ram e ters: Ra di a tion type: X-ray (lab o ra tory,
synchroton), neu tron, elec tron, wave length, LP cor rec -
tion, 2theta range, op tional pro file func tions -
pseudo-Voigt, width. Ta ble of re flec tion pa ram e ters

with zoom in/zoom out and track ing through 2q range -
Fig. 5.

• Cal cu lati on of distan ces and an g les (incl. stan dard un -
cer tain ties): in a con fi gu ra ble ta ble, for se lec ted atom
types and a si ze a ble distan ces range, around the atom(s)
cur rent ly se lec ted in structu re pictu re, graphical re pre -
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Fig ure 4. Ren der ing with ex ter nal ray trac ing pro gram POVRay.

Fig ure 5. Dif frac tion pat tern win dow of Diamond



sen tati on of distan ces as his to gram with co lor-co -
ded distan ces.

• Me a su ring of distan ces, an g les, and tor si on an g les in -
teracti ve ly (incl. stan dard un cer tain ties). 

• Me a su ring of ex ten ded ge o met ric fe a tu res (incl. stan -
dard un cer ta in ties): An g le be tween two pla nes (by hkl or 
(best) pla ne through 3 or more atoms), an gle be tween
two li nes, an gle be tween a nor mal of a pla ne and a line,
distances of atoms from a pla ne or a line, cen t ro id of a set 
of atoms, pla nar ity or li nea ri ty of a set of atoms (distan -
ces of con sti tuent atoms from pla ne/line).

• New Pro per ties panel, dis plays in for mati on about: Con -
tents of the structu re pictu re (how many crea ted atoms,
bonds, po ly hed ra, etc.), the cur rent “for mu la sum”, that
me ans the num ber of crea ted atoms as so ci a ted to atom
groups, table of the cur rent ly se lec ted ob jects, distances
around the se lec ted atom(s), distan ces be tween the se -
lec ted atoms,  the cen ter of the se lec ted atoms (cen t ro id),
plana ri ty or li nea ri ty of the se lec ted atoms and the de vi -
ati ons of the atoms from that pla ne or line, rsp., table of
atoms as signed to the se lec ted atom of pa ra me ter list or
se lec ted atom group, ta ble of bonds as signed to the se -
lec ted bond group (i.e. atom group pair), ligand, edges,

and faces informations of the se lected poly he dra.

Price of sin gle ac a demic licence is 500 Euro, site licence
(one in sti tute or de part ment) 1000 Euro, cam pus licence
2000 Euro. 

Other use ful soft ware of fered by Crys tal Im pact is
Endeavour de signed for the so lu tion of crys tal struc tures
from pow der dif frac tion data. The con cept im plies a com -

bined global op ti mi za tion of the dif fer ence be tween the
cal cu lated and mea sured dif frac tion pat tern and of the po -
ten tial en ergy of the sys tem. 

Match! is an easy-to-use soft ware for phase iden ti fi ca -
tion from pow der dif frac tion data. It com pares the pow der
dif frac tion pat tern of your sam ple to a da ta base con tain ing
ref er ence pat terns in or der to iden tify the phases which are
pres ent. Both ICDD prod ucts can be used for da ta base
source. 

Pearson’s Crys tal Data is a new crystallographic da ta -
base (see also [3]). 
All the above Crys tal Im pact soft ware can be found on
demo CD dis trib uted for all the con fer ence participants.

Crystal Maker Software

Crys tal Maker soft ware is dis trib uted in two ver sions for
Mac an PC, re spec tively [3].

CrystalMaker vi su al iz ing soft ware for mo lec u lar and
crys tal struc tures is by fea tures sim i lar to Di a mond. The in -
ter ac tive graphics is sig nif i cantly faster on slower com put -
ers. It has the abil ity to dis play mas sive struc tures (up to 2
bil lion at oms). Bonds and poly he dra are au to mat i cally cal -
cu lated, with the op tion of bond dis tance out put and er ror
prop a ga tion, as well as di rect vi su al iza tion of clus ter shells
and coordination net works. 

In gen eral, the pro gram may have not all the pos si bil i -
ties of Di a mond but it seems to be very user-friendly and
nice to work with. Ev ery thing is smooth. Main win dow is
shown on Fig. 6. One can easily switched on/off in di vid ual
types of at oms from the pic ture and his tory of dif fer ent
views is quickly accesible.
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Fig ure 6. Main win dow of Crys tal Maker



CrystalMaker is shipped with over 600 struc tures
files, in clud ing the ma jor rock-form ing min er als plus im -
por tant tech no log i cal phases such as zeolites, su per con -
duc tors and or ganic mol e cules. Each file is fully-an no tated, 
with views and model types care fully cho sen to high light
the sa lient struc tural fea tures, and ready for im me di ate dis -
play. An i ma tions can be saved as Quick Time mov ies.
CrystalMaker pro vides photo-re al is tic graphics, in clud ing
3D ste reo graphics (red/blue ste reo glasses in cluded with
the pro gram pack age).

Dif frac tion pat terns are gen er ated by stand-alone pro -
gram CrystalDiffract that can be used un like Di a mond as
a sep a rate tool for sim u la tion of pow der pat terns. Crystal -
Diffract lets sim u late also pat terns for multi-phase mix ture; 
switch be tween x-ray or neu tron ra di a tion in clud ing
time-of-flight or en ergy scale; vi su al ize in ten si ties as
“films” or graphs (Fig. 7); choose dif fer ent dif frac tion
tech niques; in ter ac tively edit struc tural and ex per i men tal
pa ram e ters, and ex port de tailed dif frac tion in for ma tion.
For shape function pseudo-Voigt func tion is used. Con -
stant value of in stru men tal broad en ing can be given and in
sim ple way also size and strain broad en ing.

CrystalDiffract lets edit as pects of a se lected pat tern’s
un der ly ing crys tal’s struc ture, so one can de ter mine how
this af fects dif frac tion. You can edit lat tice pa ram e ters and
site oc cu pan cies—and also omit sites from the dif frac tion
cal cu la tion. The Edit Crys tal sheet can be resized hor i zon -
tally and ver ti cally, in or der to show a range of sites and
their atomic dis place ment pa ram e ter data (Uij and Uiso). 

In Graph mode one can use the  Stack com mand to stack 
mul ti ple dif frac tion pat terns with out dan ger of over lap. For 
a com plex dif frac tion pat tern there may be many over lap -
ping peaks. The Over lay Peak Po si tions submenu al lows
you to iden tify the po si tions of in di vid ual dif frac tion

peaks. One can su per im pose a se ries of peak mark ers
show ing the peak cen tres, and their rel a tive in ten si ties.

Of course, very important fea ture is a pos si bil ity to
load ex per i men tal data (in xy for mat) and com pare them
with the sim u la tion. CrystalDiffract work well to gether
with CrystalMaker.

The third part of the soft ware pack age is
SingleCrystal. It lets sim u late elec tron dif frac tion pat -
terns, dis play sec tions of the re cip ro cal lat tice and work
with ste reo graphic pro jec tions. One can ma nip u late dif -
frac tion pat terns in real time, chang ing the ori en ta tion of a
crys tal, the scale or in ten sity sat u ra tion. It is pos si ble to
mea sure in ten si ties, dis tances and an gles on screen. There
is even a unique op tion of vi su al iz ing the phases of dif -
fracted beams, via col our-coded dif frac tion spots. 

Ed u ca tional pric ing of the soft ware is the fol low ing:
sin gle licence - CrystalMaker  350 Euro, CrystalDiffract
150 Euro, SingleCrystal 99 Euro.
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Figure 7. Two win dows of CrystalDiffract - simulation of pow der dif frac tion pat tern ob tained by the de tec tor (top) and film re cord
(bot tom).

   Fig ure 8. Screen of the pro gram SingleCrystal.



Crystallographica

The pack age is dis trib uted by Ox ford Cryosystems [4, 5]
and it in cludes struc ture and re cip ro cal lat tice dis play,
pow der sim u la tion, graph ing (in clud ing com mon x-ray
data for mats) and a unique crys tal lo graphic script ing lan -
guage, all sup ported nu mer ous ex am ple scripts and struc -
tures as well as free un lim ited tech ni cal sup port. 

Crystallographica is es sen tially a visu ali sa tion pro -
gram, con sist ing of a se ries of tools for set ting and dis play -
ing a mul ti tude of prop er ties of a crys tal struc ture. Some of
these tools are highly vi sual in na ture: the pro gram in cor -
po rates a struc ture draw ing pack age, re cip ro cal lat tice dis -
play and pow der pat tern sim u la tion. A set of dialogs al low
not only crys tal prop er ties to be set, but also pro vide quick
and easy methods for viewing crystal properties. 

All these fea tures are shared by the Lite and Full ver -
sions of Crystallographica. The Full ver sion adds a unique
crys tal lo graphic script ing lan guage based on pascal syn tax
which al lows a whole new level of flexiblity and power to
the pro gram. This lan guage is fully in te grated with the
other tools, and may be used for any thing from cal cu lat ing
sim ple prop er ties to cre at ing an i ma tions. Four typ i cal win -
dows are shown on Fig. 9.

In te grated crys tal struc ture draw ing pack age al lows a
num ber of views of the same struc ture or else comparison

of dif fer ent struc tures. Plots can be ex am ined us ing the
mouse and key board to ro tate and zoom the im age, or con -
trolled pre cisely from the In ter preter. 

VRML files can be ex ported, show ing crys tal struc ture
and in clud ing anisotropic dis place ment el lip soids, poly he -
dra and crys tal planes. 

In te grated viewer al lows the re cip ro cal lat tice to be dis -
played in a va ri ety of styles. View ing di rec tion may be syn -
chro nised with other such win dows and with structure
display. 

Flex i ble X-ray and neu tron pow der dif frac tion pat tern
sim u la tion in clud ing Rietveld-style con trol over peak
shape and width area available. Sim u lated pat tern may be
com pared with ex per i men tal data in the graph ing tool. Pro -
file and peak data may be ex ported to file. Script ing lan -
guage in cludes util i ties for com bin ing plots to form
multi-phase patterns or residuals. 

A set of sim ple and easy-to-use dialogs pro vides a pow -
er ful user in ter face to ac cess atom prop er ties, con tents of
asym met ric unit, cell pa ram e ters, bond lists, crys tal sym -
me try (via space group or list of gen er a tors), ra di a tion, re -
flec tion lists, pow der sim u la tion and VRML options. 

Pascal in ter preter sup portes vari ables, ar rays, re -
cords, sets, func tions and pro ce dures. Ex ten sions to core
Pascal in clude ex po nen tial op er a tor, dy namic siz ing of ar -
rays and en hanced string han dling. The in ter preter may be
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Fig ure 9. Crystallographica win dows show ing in ter ac tive struc ture pic ture (top left), com mand line win dow of the scripting lan guage
(right top), part of dif frac tion pat tern (left bot tom) and re cip ro cal lat tice (right bot tom).



used in ter ac tively or called to run scripts contained in text
files. 

A li brary of sev eral hun dred crys tal lo graphic rou tines
cov er ing atom prop er ties, bond ing, cell pa ram e ters, sym -
me try, ra di a tion, re flec tions, pow der sim u la tion, crys tal
struc ture draw ing and graph plot ting.

User-scripted rou tines are eas ily in te grated, so that the
sys tem can be customised. 

A set of da ta bases hold ing in for ma tion on X-ray and
neu tron scat ter ing fac tors in clud ing dis per sion cor rec tions, 
ab sorp tion fac tors, X-ray wave lengths, bond ing ra dii, el e -
men tal prop er ties and space group symmetry. 

Ac a demic single user pack costs 500 GBP (lite ver sion
with out in ter preter - 250 GBP), teach ing pack - site licence
is for 1000 GBP.

Crys tal Studio

This is a soft ware by Aus tra lian CrystalSoft cor po ra tion
[6]. Apart from pro vid ing nor mal crys tal log ra phy functio -
nalities like 3D graphics etc. as other pack ages, Crys tal
Stu dio of fers am ple func tions for de fects like dis lo ca tions,
twin bound aries and stack ing faults, in ter faces and sur -
faces and two phase co her ent com bi na tions. It also cov ers
XRD, neu tron and elec tron dif frac tion sim u la tions and re -
cip ro cal lat tice. More over it es pe cially sim u lates the com -
bined zone axis dif frac tion pat terns for twins and two phase 
co her ent com bi na tions.

As in the pre ced ing pro grams dif fer ent vi su al iza tion
op tions are avail able:  ball and stick model, stick model,
space fill ing model, el lip soid and stick model, ball and
stick plus trans lu cent space fill ing model, mixed model,
rib bon model, per spec tive or or tho graphic pro jec tion. Vec -
tors can be added to the at oms.

Crys tal Stu dio is in te grated with a crys tal lo graphic da -
ta base. The da ta base con tains in for ma tion about all 530
space group spec i fi ca tions from var i ous ver sions of In ter -
na tional Ta bles for (X-Ray) Crys tal log ra phy, in for ma tion
on all el e ments in the Pe ri odic Ta ble in clud ing va lence, ra -
dii etc. and lat est data for atomic scat ter ing am pli tude and
Debye-Waller fac tors for dif frac tion cal cu la tions. The da -
ta base also in clude a crys tal struc ture da ta base and a
layer/clus ter da ta base. Non-stan dard space group spec i fi -
ca tions can be cre ated and added to the da ta base by user.
The 530 ex ist ing space group spec i fi ca tions can also be
mod i fied by us ers. Crys tal struc tures with out space group
spec i fi ca tions can also be cre ated, built and stored in the
da ta base.

The pro gram is dis trib uted in sev eral ver sions - Lite,
Stan dard, Pro fes sional, En ter prise with ac a demic pric ing
start ing from 450  to 1300 US$ for sin gle licence and 1900
US$ for 5 user site licence.
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Fig ure 11. Vi su al iza tion of dis lo ca tion in the lat tice by
CrystalStudio.

Fig ure 10. Dif fer ent mod els for vi su al iza tion in
CrystalStudio.
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