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Integrated intensities

Structure completion
Refinement of phases

synchrotron radiationsynchrotron radiation

inorganic structuresinorganic structures

whole profile fittingwhole profile fitting

FIPS (FIPS (EstermannEstermann et al.)et al.)

refinement functionrefinement function

systematic overlap (Rius, systematic overlap (Rius, 
MiravitllesMiravitlles, , GiesGies, , AmigóAmigó))

accidental overlapaccidental overlap

dominant dominant scattererscatterer::

automated automated 㥀㥀F recyclingF recycling

lighter lighter ligandligand atoms not atoms not 
requiredrequired

weak dominant weak dominant scatterersscatterers::

fragment / atom fragment / atom 㥀㥀F recyclingF recycling

lighter lighter ligandligand atoms required atoms required 

FOCUSFOCUS (Grosse(Grosse--KunstleveKunstleve et et 
al.)al.)



EH = 1/N1/2 Σj expi2πHxj 

= EH expi㱠H

CorrectionsCorrections

<E>=1<E>=1
ffoo,B,,B,εεΗΗ

L,P,kL,P,k

EH
2 = 1+ (1/N) Σj Σk cos2πH(xj-xk) j ≠ k

ΦΦ = {= {…… , , ϕϕhh, , ……}}

The true structureThe true structure

ρ(x)  ↔ EH = (EH , 㱠H)



The squared structureThe squared structure

ρ(x)2 ↔ GH = (GH , ψH)

GH(Φ) = Σh’ Eh’EH-h’ expi(㱠h’+㱠H-h’)

EH = K GH ψh = ϕh



EH ≈ 1+ KH Σj Σk cos2πH(xj-xk) j ≠ k

EEHH in terms of the in terms of the interatomicinteratomic vectorsvectors

P(u) = (1/V) ΣH EH cos2πHu

Modulus and origin syntheses:Modulus and origin syntheses:

<EH>

U(u) = (1/V) ΣH<E>cos2πHu



EH (Φ) = K · { exp iψ-H · GH(Φ) }

= K · Σh’ Eh’ EH-h’ cos(ψ-H+ϕh’+ϕH-h’)            

EEHH in terms of the phases in terms of the phases ΦΦ

P(u,Φ) = (1/V) ΣH EH(㩠) cos2πHu

Calculated modulus synthesis:Calculated modulus synthesis:



Z (Φ) = V2 ∫P(u) P(u,㩠) du = max!
V

The modulus sum functionThe modulus sum function

Z (Φ) = K ΣH EH EH(Φ) = max!



Z(Φ)= K ΣH EH Σh’ Eh’ EH-h’ cos(ψ-H+㱠h’+㱠H-h’)

The modulus sum functionThe modulus sum function

- For the large reflections h it holds 㲀 = 㱠

- Phase refinement with Z often leads to 
overconsistent triplets, i.e. for most triplets

㱠-h+㱠h’+㱠h-h’ ≈ 0º   (U atom solution)(U atom solution)

- Only the large E’s are significant. 



The constrained modulus sum functionThe constrained modulus sum function

S(㩠)= K ΣH (EH-<E>) EH(㩠) = max!

S(㩠) = Z(㩠) – V2 ∫ U(u) U(u,㩠) du = max!
V



Computation of S(Computation of S(ΦΦ))

S(Φ)= K Σh Σh’ E-hEh’Eh-h’

x [3x [3--<E> (1/E<E> (1/E--hh + 1/E+ 1/Eh’h’ + 1/E+ 1/Ehh--h’h’)] /3)] /3

x cos(㱠-h+㱠h’+㱠h-h’)

+ K Σl Σh (E(Ell--<E>)<E>) E-hEh-l

x cos(㲀l + 㱠 -h+ 㱠 h-l) =max!

function of Φold



The control parameters of S(The control parameters of S(㩠㩠))

EElimlim = minimum large E(h) (1.45-1.25)

ddminmin = minimum d value <=> atom types

EEratioratio= Nl/Nh fixes the number of weak E(l) 

J.Rius, X.Torrelles, 
C.Miravitlles, J.M.Amigó, 
MM.Reventós Acta Cryst. (2002) 
A58 21-26.

EEhh ↔↔ EEhh((ΦΦ) cos() cos(ψψhh--ϕϕh h ))



Positive triplets

Z(Φ)= K ΣH Σh’ EH Eh’ EH-h’ cos(㲀-H+㱠h’+㱠H-h’)



Positive and negative quartetsPositive and negative quartets

Q(㩠) = 2/N ΣH ΣK ΣL EHEKELEH-K-L

x (E-H+K
2 +E-H+L

2 +EK+L
2 –3)

x cos(㱠-H+㱠K+㱠L+㱠H-K-L) = max!

Schenk (1974); Hauptman (1974); Giacovazzo (1976)

∫ P’(u) P(u,㩠) du
V

Rius et al. (1997)

∫ P’ (u) P(u,㩠) du
V

Rius (1993)



Polymorph C of beta (ITQ17)

Framework Framework IsomorphousIsomorphous Substitution Substitution 
as a Structureas a Structure--Directing MechanismDirecting Mechanism

F and Ge in the 
synthesis gel favours 

formation of  D4MR units



Basic building unit of D4MR familyBasic building unit of D4MR family

ITQITQ--7:  7:  a + aa + a

ISV

ITQITQ--22: 22: a + ba + b

IWW

ITQITQ--17:  17:  a + aa + a

BEC

ba

ITQITQ--24:  24:  b + bb + b



Basic building unit of ITQBasic building unit of ITQ--77

L.Villaescusa, P.Barrett, M. Camblor

Angew. Chem. Int. Ed. 1999, 38, 1997-2000



GeGe distribution over the T sites in ITQdistribution over the T sites in ITQ--1717
Si:GeSi:Ge = 1.8= 1.8

T1: 0.46 Ge

T2: 0.28 Ge

T3: 0.23 Ge

A.Corma, M.Navarro, F.Rey, J.Rius, 
S.Valencia Angew. Chem. Int. Ed.

2001, 40, 2277-2280
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N N+ +

1,5-bis(metilpirrolidinium)-pentane  [C15 H32 N2]2+

Crystal data:
a=  42.14424 Å
b= 12.99000 Å 
c= 12.68428 Å
orthorhombic
V= 6944.1 Å3
Space group: Pbam (55)                                                  
ρ (a.s.) = 2.22 g/cm3
ρ (calcined) = 1.87 g/cm3

Composition:
10.35359% C
1.84144% H
1.4816% N
Si/Ge=3.25
wt. loss 15.58%

ITQ22ITQ22-- Preliminary DataPreliminary Data

110.8 TO2/unit cell
4.9 template /unit cell



WholeWhole--pattern fit without structure model of pattern fit without structure model of 
ITQ22ITQ22

Line DW22 at LURE

λ= 0.9611 Å

(Ø =1 mm)



363 intensities for d ≥ 2.24Å

from which 49 overlapped within 2.58 - 2.24Å

Summary of intensity extractionSummary of intensity extraction

Method:Method:

1.1. Whole pattern profile fitting by fixed Whole pattern profile fitting by fixed 
point iteration point iteration →→ profile parametersprofile parameters

2.2. Intensity extraction by L.S. profile fitting Intensity extraction by L.S. profile fitting 
of regions  of regions  →→ intensities + intensities + e.s.d.’se.s.d.’s



ITQ22:  Summary of direct methods (1)ITQ22:  Summary of direct methods (1)

28291531.252.245
64461640.722.414
58012471.082.663
89862171.003.042

152852251.033.831
<F<F22>>N. refN. refΣΣFFcc

22//ΣΣFF22ddinfinfN.shellN.shell

B= 14 Å2 <|E2-1|>=0.95  (0.97)(0.97)
Wilson plotWilson plot
SK=0.68



ITQ22:  Summary of direct methods (2)ITQ22:  Summary of direct methods (2)

Control parameters:

Elim = 1.46

Eratio = 0.85

dmin= 2.24Å

solved in Pba2

47 large E’s (3.37-1.46)

40 small E’s (0.02-0.13)

<E>large+small = 1.19

Phase refinement with S-TF (100 sets, 20 cycles)
followed by automated 㥀F recycling for each solution 

gives as best solution the one with the highest S / Sexp

Best solution: S / Sexp=0.826   R∆F(%)=55.2*

R =1000 x {1-[㨰(Fo·Fc)1/2]2/(㨰Fo㨰Fc)}



ITQ22:  3DITQ22:  3D--imaging at imaging at 2.24 Å2.24 Å resolutionresolution

D4MR units + 7 T D4MR units + 7 T 
atoms showed upatoms showed up

a = 42.090     b=12.990  Å

SS--TF  + automated TF  + automated 
∆∆F refinementF refinement



Structure completion of ITQStructure completion of ITQ--22:   (1)22:   (1)

From the automated Forier recycling with initial 
phases from direct methods:

T1 to T4 + T5 to T8 + T9 to T11

From the restrained L.S. refinement with fixed 
occupations for T atoms and 50% Ge at T1-T4 + 
subsequent ∆F:

T12              T-T= 3.15(5)Å



d(A)  2.24     2.35     2.44     2.54     2.70     2.87     3.09   3.42     4.03     5.26     inf
Nref 40.      36.       35.       37.      34.       35.    41.       32.       36.       37.
R1         0.582  0.532 0.399 0.402 0.332   0.342    0.256   0.261    0.175   0.148

Structure completion of ITQStructure completion of ITQ--22: (2)22: (2)

- Restrained L.S. with all T occupations fixed 
except for T1-T4 + 㥀F      =>   T13-T16

- L.S.  with no restraints for T13-T16



 Atom/
site

x y z site
multiplicity

%Ge[d]

T1 0.38500 0.9154 0.1275 1 62(3)
T2 0.42261 0.6981 0.1277 1 58(3)
T3 0.35640 0.5802 0.1250 1 48(3)
T4 0.31888 0.7891 0.1225 1 58(3)
T5 0.38387 0.8951 1/2 1/2 0
T6 0.41980 0.6952 1/2 1/2 0
T7 0.35708 0.5625 1/2 1/2 0
T8 0.31899 0.7708 1/2 1/2 0
T9 0.35057 0.4197 0.2980 1 0

T10 0.37882 1.0563 0.3157 1 9(2)
T11 0.27961 0.8590 0.3139 1 9(2)
T12 0.46315 0.6216 0.3125 1 10(2)
T13 0.28922 0.3018 0.3767 1 0
T14 0.30739 1.0734 0.3764 1 11(2)
T15 0.40442 0.2755 0.3769 1 8(2)
T16 0.46674 0.3964 0.3765 1 5(1)

Fractional atomic coordinates of ITQFractional atomic coordinates of ITQ--22 22 
((Si:GeSi:Ge = 4:1)= 4:1)

A.CormaA.Corma, , F.ReyF.Rey, S.Valencia, JL. , S.Valencia, JL. JordáJordá, , J.RiusJ.Rius

Nature Materials 2003, 2, 493-497



Upper view of ITQUpper view of ITQ--2222



Upper view of ITQUpper view of ITQ--2424

R.CastañedaR.Castañeda, , A.CormaA.Corma, , V.FornésV.Fornés, , F.ReyF.Rey & & J.RiusJ.Rius JACS (2003)JACS (2003)

ITQITQ--2222



BASIC BUILDING UNITS OF D4MR FAMILYBASIC BUILDING UNITS OF D4MR FAMILY

ITQITQ--2424

b + bb + b

ITQITQ--2222

a + ba + b

ITQITQ--17, ITQ17, ITQ--77

a + aa + a

ITQITQ--21   21   4b4b

ba



The building unitsThe building units

sodalite ITQ-21



Zeolite N. of  T
atoms

Window
size

N. of
windows

Cavity
size

Sodalite 4 2.6 6 ⷀ  9.0

Zeolite A 8 4.1 6 11.4

Faujasite 12 7.4 4 11.8

Basic features of some cubic Basic features of some cubic zeoliteszeolites



Synthesis of ITQSynthesis of ITQ--2121
Under hydrothermal conditions at 175ºC for 3 Under hydrothermal conditions at 175ºC for 3 
days from gels of compositions:days from gels of compositions:

xGeOxGeO2 2 :(1:(1--x)SiOx)SiO2 2 : yAl: yAl22OO3 3 : 0.50MSPTOH : : 0.50MSPTOH : 
0.50HF : wH0.50HF : wH22OO

x =0.33      y =0.00      w=20x =0.33      y =0.00      w=20

( x =0.09      y =0.02      w= 3 )( x =0.09      y =0.02      w= 3 )

MSPTOH: N-methyl-
sparteinium hydroxide



Kα Cu

5 70o2-Theta

XX--ray powder diffraction pattern of ITQray powder diffraction pattern of ITQ--2121



ZeoliteZeolite ITQ21ITQ21
(as synthesised)(as synthesised)

aa =  27.70 Å=  27.70 Å

FFmm--3c3c

A. Corma ... & J. Rius    Nature (2002) 418, 514-517



3D 3D -- imaging of ITQimaging of ITQ--21 from moderate 21 from moderate 
resolution Xresolution X--ray dataray data

78 78 
intensitiesintensities

3D 3D -- imageimageInput data  Input data  
at 1.5 at 1.5 -- 1.3Å1.3Å

XLENSXLENS
focusing by focusing by 
forcing theforcing the
atomicityatomicity

Rius,JRius,J. (1993) . (1993) ActaActa CrystCryst. A49, 406. A49, 406--409409



Interpretation of the XRD imageInterpretation of the XRD image

at atomic resolutionat atomic resolutionat 1.5 Åat 1.5 Å

→ What are the black peaks ?

→ Why is the structure Fm-3c ?



Why is the structure faceWhy is the structure face--centeredcentered ??

Averaged structure: h=2n, k=2n, l=2n (strong)
Superstructure: Rest of  reflections (weak)

Tilt: 9.76ºTilt: 9.76º
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