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Single Crystal Neutron Diffraction Experiment

The tutorial is for locating hydrogen atoms on the water
molecules in scolecite using neutron data measured on TOPAZ.

Scolecite is a member of nat zeolites with a porous
aluminosilicate framework analogous to natrolite but a different
placement of the calcium cation and water molecules in the
zeolite channels.

A block-shaped crystal with the dimension of 0.62×1.19×1.63
mm-cubed was cut from a prismatic scolecite crystal originated
from India, and mounted with cyanoacrylate glue on the tip of
a polyamide capillary to minimize the scattering from the
mount. The initial orientation matrix was obtained in ISAWEV at
100 K. Using this orientation matrix, an optimized data collection
strategy was calculated in CrystalPlan [1]. Data were collected
using 39 crystal orientations for an estimated 99.7% coverage of
symmetry-equivalent reflections to dmin of 0.5 Å. An estimated
90% of the measured reflections would be measured more than
once. Each orientation was measured for approximately 1.5 h.

Scolecite CaAl2Si3O10∙3H2O

Temperature 100(2) K
Radiation 
source TOF neutron

wavelengths 0.4 – 3.2 Å

Crystal system Monoclinic

Space group C c
a,  Å 6.5120(1)
b,  Å 18.9545(4)
c,  Å 9.7582(2)
β,  ° 108.921(1)
V,  Å3 1139.39(4)
Z 4

[1] Zikovsky J., Peterson P. F., Wang X. P., Frost M., Hoffmann C., "CrystalPlan: an 
experiment-planning tool for crystallography", ”, J. Appl. Cryst. 44, 418-423 (2011) 
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Scolecite Data

• Single crystal diffraction data are saved in /SNS/TOPAZ/IPTS-12132/data
– Event NeXus

TOPAZ_#####_event.nxs

• 100 K Data Set
– Run numbers 7450:7488    

• 295 K Data Set
– Run numbers 10074:10079,10081:10084
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Start EXPGUI

• Copy the hkl data scolecite100K_Monoclinic_C.hkl to GSAS folder

from /SNS/TOPAZ/IPTS-12132/shared/SC100K/

to the working directory /SNS/TOPAZ/IPTS-12132/shared/refine/GSAS/

Open a terminal window in /SNS/TOPAZ/IPTS-12132/shared/refine/GSAS [as shown below]

• Type ls *.hkl to verify the hkl data is available 

• Execute  expgui in terminal window

to start the GSAS program

• Start EXPGUI by typing expgui

$ expgui
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Create GSAS EXP

• Type in SCOLECITE100K.EXP

• Click Read

• Click Create

• Input Soclecite 100 K

• Click Continue

• Click Add Phase

• Select scolecite.cif from 

/SNS/TOPAZ/IPTS-12132/shared/refine
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Import scolecite cif

• Save SCOLECITE100K.EXP
• Click File 

Save
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Convert TOPAZ Data to GSAS Format
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Run Genles
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EXPEDT Difference Map Setup
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Search for Hydrogen

• Run fourier
• Run forsrh
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Add Hydrogen from DELF Map Output
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Refine Histogram Scale Factors
Rw(Fo) = 0.117
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Refine Extinction 
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Search for Missing Hydrogen

• Set Occupancy to 0.0 for H2

• Run fourier

• Run forsrh

Rw(Fo) =  0.047 for 23062 observations
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Extinction Coieficient and Final R Factors

Single crystal extinction coefficients for element 1 of phase 1 are:
Parm.    :   Type-I  
Value    :  1.286E-04
E.s.d.   :  1.290E-06
Shft/esd :       0.01
Sum single crystal extinction (shift/error)**2 :      0.00

All data   I>0.0  I>3*sigI
NREFL=      22823     22823     22303
Rw(F**2)   0.076    0.076     0.076
R(F**2)    0.074     0.074     0.074
Rw(F)       ----- 0.038     0.038
R(F)       ----- 0.043    0.042
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DELF Map Generated from GSAS
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Refine ADPs for All atoms

Rw(Fo) =  0.046 for 23062 observations

Rw(Fo) =  0.038 for 22823 observations
With 5σ cut-off
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Neutron Structure from GSAS Refinement 
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Overlay of Fobs to the Neutron Structure
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SHELX2016

• Run ref2hk program from the GSAS folder

$ ../../reduction/ref2hkl

Select option 8  as the output format

• Copy  SCOLECITE100K.hkl to a working 
folder

$ cd /SNS/TOPAZ/IPTS-
12132/shared/refine/SHELX

• Refine the scolecite structure

• $ ../shelx2013/shelxl scolecite100k

Or add NEUT before SFAC in the  .ins file for neutron structure refinement

NEUT
SFAC Al Ca H O Si
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SHELX2016

wR2 = 0.0573 for    8171 data 
and      2 /    226 parameters 
GooF = S =     1.069;     
Restrained GooF =      1.068 for       2 restraints 
R1 =  0.0306 
for    8151 Fo > 4sig(Fo)  and  0.0307
for all    8171 data 
wR2 =  0.0573,  
GooF = S =   1.069,  
Restrained GooF =    1.068  for all data
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WinGx Nuclear Density Map 
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TOPAZ Data Format  SHELX HKLF2 Laue + TOF

hklFile.write( 3*'%4d' % (h, k, l)

+ 2*'%8.2f' % (fsq, sigfsq)

+ '%4d' % hstnum

+ 2*'%8.5f' % (wl, tbar)

+ 6*'%9.5f' % (dir_cos_1[0], dir_cos_2[0], dir_cos_1[1], dir_cos_2[1], dir_cos_1[2], dir_cos_2[2])

+ '%6d' % (curhst)

+ '%7d' % (seqnum)

+ '%7.4f%4d%9.5f%8.4f%7.2f%7.2f\n’

+  % (transmission, dn, twoth, dsp, col, row) )

h, k, l peak indices
fsq peak intensity
sigfsq sigma 
hstnum: a number from 1 to the number of crystal settings
wl: neutron wavelength
tbar: the absorption weighted path length
dir_cos_1: the three direction cosines of a*, b* and c* with the reverse incident 

beam
dir_cos_2: the three direction cosines of a*, b* and c* with the scattered beam
curhst: the actual run number
seqnum: a number from 1 to the number of peaks
transmission: the transmission after absorption
dn: the detector number
twoth: 2-theta angle
dsp: d-spacing
col: detector column pixel number
row: detector row number
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