
crys tal struc ture of Pd3Pb2Te2 shows many struc tural sim i -
lar i ties to the struc ture of shandite (Ni3Pb2S2, Rm) and
parkerite (Ni3Bi2S2, C2/m). The phase Pd3Pb2Te2 was de -
scribed as a new min eral pašavaite [3]. 

Pd3AgSe: Space group Pa, a = 8.63 C, V = 642 C3 and
Z = 8. The sil ver atom is sur rounded by 12 pal la dium at -
oms, 3 se le nium at oms and 1 sil ver atom. 12 of these at oms
(9 Pd and 3 Se) form a trun cated tet ra he dron (Fig. 1). The
other at oms (3Pd + 1 Ag) are lo cated slightly above the
cen ters of hex ag o nal faces of trun cated tet ra he dron. Two
neigh bor ing trun cated tet ra he dra share the hex ag o nal faces 
and thus form a ba sic struc tural unit of the Pd3AgSe struc -
ture. Sim i larly, as was men tioned for the isostructural
Au3CaGa com pound [4], the Pd3AgSe struc ture show com -
pa ra ble lo cal struc tural mo tives as quasicrystals. Nev er the -
less, Pd3AgSe is a con ven tional crys tal line com pound.
There fore, it can be viewed as an ap proxi mant of
quasikrystal [5].
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In tro ducti on

The ori ented ze o lite MFI (ZSM-5 and silicalite-1) lay ers
were al ready syn the sized on dif fer ent sup ports and showed 
their at trac tive ness for the ap pli ca tions in the fields of
mem branes [1], microreactors, sen sors and op to el ec tronic
de vices.  For MFI ze o lite mem branes, the most fa vor able
con fig u ra tion would be a thin, fully intergrown b-ori ented
layer that would ex hibit higher fluxes in com par i son with
a, c or ran dom ori ented lay ers. It is also known that the ori -
en ta tion of crys tals es sen tially de ter mines the crack for ma -
tion dur ing tem plate re moval, where dif fer ent ex pan sion/
 shrinkage prop er ties of MFI crys tal lo graphic axes are re -
spon si ble. It has been sug gested that the prep a ra tion of a,
b-ori ented layer is more ad van ta geous due to the tem plate
re moval [2]. 

Ex pe ri men tal

The di rect hy dro ther mal in-situ syn the ses of silicalite-1
lay ers were car ried out on the sur face of mer cury, sil i con
wa fer, non-po rous and po rous stain less steel TRUMEMTM

sup ports. The crystallizations of MFI lay ers were per -

formed in the tem per a ture range of 155-165°C un der static

con di tions with du ra tion of crys tal li za tion be tween 1 to 20
hours. 

The syn the sized crys tal lay ers were washed in an ul tra -
sonic bath, dried and fur ther char ac ter ized with scan ning

elec tron mi cro scope (JEOL JSM 5500LV).
The X-ray dif frac tion pat tern were mea sured on

PANalytical X`Pert diffractometer in Brag-Brentano ge -
om e try. The Co ra di a tion was used.

Structu re of MFI

The FMI zeolites crys tal lite in Pnma space group.  The lat -
tice pa ram e ters of ZSM-5 are fol low ing: a = 20.048, b =

19.884, c = 13.352, a, b, g = 90°, lat tice pa ram e ters of
Silicalite-1 are a lit tle var ied.  The struc ture con tains rel a -
tively big pores which run through the struc ture in (100)
and (010) di rec tions. The three ba sic ori en ta tions ((100),
(010), (001)) are shown in Fig. 1. 

Diffracti on pat tern

Be sides the low an gle re gion, the dif frac tion peaks are
mostly over lapped be cause of rel a tively big orthorhombic
unit cell. Some im por tant higher an gle dif frac tions can be
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Fig ure 1.  Co or di na tion of Ag at oms in crys tal struc ture of
Pd3AgSe. Note the trun cated.



ob served with out un de sir able over lap ping in strongly tex -
tured sam ples. Fig. 2 shows a com puted the o ret i cal
non-tex tured dif frac tion pat tern of silicalite-1 with com -
par i son of strongly tex tured one (sam ple 17-08 (float ing)),
where mainly the (100) and (010) ori en ta tion are ob served.

The dif frac tion pat tern 2b) shows also small (002) and
(102) pre ferred ori en ta tion which cor re sponds to SEM ob -
ser va tion in Fig 3.  

CPO in dexes

The over lap ping of dif frac tion peaks com pli cated the ori -
en ta tion de pend ent study of the film there fore CPO[X]/[Y]
(crys tal lo graphic pre ferred ori en ta tion based on the [X]
peak and the [Y] peak) was de fined in the fol low ing way
[3]:
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Where [X] and [Y] are cho sen crystalografic di rec tion,
IS is in ten sity of sam ple and IP is in ten sity of non-tex tured
pow der. If CPO in dex is equal to 1 then the sam ple has only 
[X] ori en ta tion, for CPO = 0 is the sam ple non-tex tured and 
for neg a tive CPO in dex the sam ple pre fer [Y] orientation. 

Re sults and dis cu si on

Sev eral CPO in dexes was cal cu lated and com pared. Two
of them are in Tab. 1. The first one CPO [200+020]/[133]
en able dis tin guish be tween (100+010) and “ran dom” ori -
en ta tion. Due to res o lu tion of X-ray diffractometer the
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Fig ure 1. The tree ba sic ori en ta tion of MFI frame work, a) (100) di rec tion, b) (010) di rec tion, c) (001) di rec tion. The four unit cells are
plot ted in ev ery figure. 

a) b)

c)

a)

b)

Fig ure 2. a) The the o ret i cal non-tex tured dif frac tion pat tern of

silicalite-1. b) Strongly ori en tated silicalite-1 mem brane (sam -
ple 17-08), a over lap ping of (101,110) and Ka (200,020) dif frac -
tion is shown. In both cases Co ra di a tion was used.

Fig ure 3. SEM mi cro graph of thin layer of sam ple 17-08 (float -
ing).



(200) and (020) reflextion can not be mea sured sep a ra ble
and are con sider as one line. The sec ond one CPO in dex [0
10 0]/[10 0 10] dis tin guish be tween (100) and (010) ori en -
ta tion. Be cause of over lap ping with sev eral oth ers dif frac -
tion the sec ond one in dex can be used only when the first
one is close to one, in this case the in ten sity of (0 10 0) and
(10 0 0) dif frac tion are much more big ger than the other re -
flec tion dif fract ing to this area. 

Conclu si ons

The CPO in dexes given by X-ray dif frac tion com pared
with SEM mi cro graph helps in un der stand ing the groov ing
of MFI thin lay ers and their pre ferred ori en ta tion on the
sur face of stud ied sup ports. 
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X-ray crys tal log ra phy is a pow er ful tool in pro tein ter tiary
struc ture de ter mi na tion. For this method the prep a ra tion of
well-dif fract ing crys tals is in ev i ta ble, which usu ally rep re -
sents the most prob lem atic and rate-lim it ing step. The pro -
cess of pro tein crys tal li za tion is in flu enced by many
pa ram e ters and pro tein it self, its pu rity, ho mo ge ne ity and
prop er ties, namely the abil ity of form ing crys tals, is the
most im por tant one. Many at tempts were done with the aim 
to im prove pro tein crystallizability and crys tal qual ity. Pro -
tein mod i fi ca tions ori ented on im prove ment in pro tein ho -
mo ge ne ity, sol u bil ity, sta bil ity and/or crys tal qual ity
rep re sent fruit ful ap proach to solv ing the prob lem of
high-qual ity crys tals prep a ra tion. Be sides chem i cal mod i -
fi ca tions of pro teins, their trun ca tions, deglycosylation,
lim ited pro te ol y sis, the mu ta tions of in di vid ual amino-acid
res i dues be come very pop u lar. A lot of ex am ples of suc -
cess ful mu ta tions can be found in the lit er a ture, how ever,
no uni ver sal rec ipe ex ists and/or no ab so lute rules can be

ex tracted. Hence the main ques tion - which to which
amino-acid should be mu tated - is still valid.

Anal y sis of intermolecular con tacts in the crys tals of
sev eral dif fer ent pro teins crys tal lized in our lab o ra tory re -
vealed that tryptophans lo cated at the mo lec u lar sur face
can form a num ber of intermolecular con tacts in the crys -
tals. The large size and the mixed hy dro pho bic/hy dro philic
char ac ter of tryptophan side chain al low var i ous kinds of
in ter ac tions with a num ber of res i dues si mul ta neously.
Tryptophans are usu ally mostly bur ied in the mol e cules,
rather rarely they are ex posed to the sol vent. It is known
that tryptophan res i dues have an im por tant role in sta bi liz -
ing the pro tein struc tures. Re cently it has been ob served
that tryptophans lo cated on the mo lec u lar sur face can in di -
cate the bind ing site. 

These facts to gether with the above men tioned ob ser va -
tions in spired us to an a lyze the role of tryptophan in for ma -
tion the intermolecular con tacts in crys tals. For this, the
sys tem atic anal y sis of pro tein X-ray struc tures de pos ited in 
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Fig ure 4. The re la tion be tween mac ro scopic grain
shape and crys tal lo graphic di rec tions.

Sam ple
CPO

[200+020]/[133] [0 10 0]/[10 0 0]

17-08 (flo ating) 0.99 0.33

3z - 08 0.84 0.68

16-08 -18 0.70

Ta ble 1. CPO in dexes for sev eral sam ples


