Tutorial: Crystal structure refinement of oxalic acid dihydrate using
GSAS

The aim of this tutorial is to use GSAS to locate hydrogen in oxalic acid dihydrate and
refine the crystal structure. By no means is it intended to provide a general receipe for
structure refinement nor is it claimed the suggested route here is the best possible and
only one to take. It serves as a mere example how it can be done. Oxalic acid
dihydrate crystallises in the monoclinic space group P 2:/n with lattice parameters a =
6.1143A, b = 3.5870A, ¢ = 12.0109A and p = 106.127°. The chemical composition is
(COOH),:2H,0. GSAS originally is driven from a DOS prompt. However, a more
modern version uses a graphical user interface EXPGUI to specify most of the input
needed. Before starting EXPGUI and GSAS create a new folder called e.g. “Oxalic
acid” on the C drive of your computer.

In order to get started double-click on the EXPGUI icon shown in Figure 1.

Fig. 1: EXPGUI icon — double click.

The following start-up screen appears (Fig. 2):

& Experiment file

Hi=

Select an experiment file to read Help
Directory C:/GSAS/Mywork — | 5| sort .EXP files by
| <Parent> (Directory) & File Mame

 Maod. Date

Figure 2: EXPGUI startup screen.

Select the directory you just created and type a job name in the text field at the
bottom, e.g. “Oxalic’ (Figure 3) and press the ‘Read’ button.
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Select an experiment file to read Help
Directory c:/Oxalic Acid — | E21| sort .EXP files by
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| Quitl
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Figure 3: Select the ‘C:/Oxalic Acid’ folder and specify ‘Oxalic’ as the job name of
this tutorial.

EXPGUI will next complain that it could not find a file with this name and offers the
option to either select a different file or create a new file with this name. Since we
would like to do the latter, press the ‘Create’ button (Fig. 4).

4 File Open Error

ey File OXALIC EXP does not exist i ¢:/Oxalic Acid. OK to
create?

Help

Create |

Figure 4: Select ‘Create’.

Another window might pop up due to using a space in the file path. Simply ignore it
and press ‘Continue’ (Fig. 5).

W Good luck... X

You are using a directory with a gpace in the name (c:/) --
¢  You may encounter bugs in EXPGUI. Please e-mail them
to Brian. Toby(@NIST .gov so they can be fixed.

Figure 5: Press “Continue’.



You are now to enter a title for this exercise. Any title is fine. As a suggestion you
may type ‘Oxalic acid dihydrate at 300 K from SXD’ (Fig. 6).

& [nput title for experiment c:f0xalic Acid/OXALIC. EXP

Input a value for the title for experiment ¢:./Oxalic Acid/OXALIC.EXP
Oxalic Acid Ditydrate at 300 K from SxD

Figure 6: Specify a title and click *Set’.
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Figure 7: EXPGUI in its full glory.

The main EXPGUI should now appear on the screen (Figure 7). EXPGUI has mainly
been made as an interface for inputting most of the parameters for powder diffraction
data. However, internally it does have the option to also refine single-crystal data
from X-rays, constant-wavelength and time-of-flight neutron data.

Parameters that cannot be accessed from within the GUI usually can be accessed from
the command-line based EXPEDT. One such input is the specification of the space
group and lattice parameters for a single-crystal refinement. We therefore start
EXPEDT by pressing the corresponding button in EXPGUI. A screen similar to the
one shown in Figure 8 should appear.

The first question posed to the user is ‘Is this the file you wish to use?’. The default
answer to this question is the question mark ‘<?’>. Most menus inside EXPEDT are
accessed by specifying a letter to go to the next submenu. In order to see what the
options are accept the default selection and simply press the carriage return key
<CR>. The question mark usually lists in detail what the options are (Fig. 9).



o CAWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

C:0Oxalic Acid>REM a batch file to a DO command and pause :j
C:s0Oxalic Acid>C:sgsassexesexpedt.exe OHALIC

Program EXPEDT Uersion Win3Z2
A menu driven routine to edit .ERP files
Distributed on Fri Apr 16 A8:A7:0Z2 20084

Allen G. Larson and Robert B. Uon Dreele
Hanuel Lujan, Jr. Meutron Scattering Center, MS—HEAS
Los Alamos Mational Laboratory, Los Alamosz, HM 87545

Copyright, 20AA. The Regents of the University of California.

The last history record is :
HSTRY 1 created readexp.tcl 1.41 Thu Feb 83 14:48:17 GMT Standard Time 208

5
Iz this the file you wish to use? <{?> K. Q.R.¥> >

Figure 8: Start-up screen for EXPEDT.

oo CAWINDOWSAsystem32\emd.exe - C:fgsasfexpguifgsastcl.bat C:\psas\exe\expedt.exe OXALIC

Program EXPEDT Uersion Win3d2
A menu driven routine to edit .ERP files
Distributed on Fri Apr 16 B8:-09:82 2884

L

Allen C. Larson and Robert B. Uon Dreele
Manuel Lujan, Jr. Neutron Scattering Center. MS—HBBS
Los Alamos MNational Laboratory. Los Alamos,. MM 87545

Copyright,. 2888, The Regents of the University of California.

The last history record is :
HSTRY 1 created readexp.tcl 1.41 Thu Febh 83 14:48:17 GMI Standard Time 208

5

Is this the file you wish to use? ({?> . K.Q.R.¥> >
The options here are:

K — Live dangerously. WO NEW COPY. NO BACKUP?

G — Quit, exit from the program

R — Review the data in this file

¥ — Create a copy of this file and edit it

Is this the file you wish to use? ({?>,K.Q.R.¥> > ~

Figure 9: Detailed listing of options after initial start-up of EXPEDT.

e C:AWINDOWS\system32\cmd.exe - C:/gsasfexpguifgsastcl.bat C:\gsaslexelexpedt.exe OXALIC !EE

The last hisztory record iz : ]
HETRY 1 created readexp.tcl 1.41 Thu Feb 83 14:48:17 GMI Standard Time 2808
5
Iz thisz the file you wizh to use? ({?> K. qQ_.R.¥> > _J
The options here are:

K — Live dangerously. NO NEW COPY,. NO BACKUP?
Q — Quit,. exit from the program
R — Review the data in this file
¥ — Create a copy of thiz file and edit it
Iz thiz the file you wizh to use? ({?> K. Q_R.¥> >¥
Experiment title:
Oxalic Acid Dihydrate at 388 K from SHD

The last history record is :

HETRY 1 created readexp.tcl 1.41 Thu Feb 83 14:48:17 GMI Standard Time 2808

EXPEDT data setup option ({?>_D.K.P.R.5.%> >

EXPEDT data setup options:

<?>» — Type thiz help listing

Distancesangle calculation set up

Delete all but the last n history records

Powder data preparation

Review data in the experiment file

Single crystal data preparation

Exit from EXPEDT

EXPEDT data setup option ({?>_D.K.P.R.5_X> >5_ i

Figure 10: Options in the data setup level of EXPEDT.
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Here, we would like to create a copy of this file and edit it. Enter “Y” at the prompt
and press <CR>. We are now on the data setup level. Press <CR> to see the options
on this level (Fig. 10).

Since, we would like to treat single-crystal data choose ‘S’ for ‘Single crystal data
preparation’ and press <CR>.

EXPEDT tells us that there is no phase information as of yet. We are about to change
this. Select ‘I’ to insert a new phase (Fig. 11).

oo CAWINDOWSAsystem3 2\emd.exe - C:fgsasfexppuifgsastcl.bat C:\psas\exe\expedt.exe OXALIC [y [m] b

Is this the file you wish to use? ({?>.K.Q.R.¥> > |
The options here are
K - Live dangernusly NO MEW COPY. NO BACKUP?
Q — Quit. exit from the program _J
R — Review the data in this file
¥ - Create a copy of this File and edit it
Is this the file you wish to use? ({?>.K.Q.R.¥> >%¥
Experiment title:
Oxalic Acid Dihydrate at 388 K from SHD

The last history record is :

HSTRY 1 created readexp.tcl 1.41 Thu Febh 83 14:48:17 GMI Standard Time 208

5

ERPEDT data setup option <{?>.D.K.P.R.5.¥> >
ERPEDT data setup options:

%> — Type this help listing

D — Distancerangle calculation set up

K n — Delete all but the last n history records

P — Powder data preparation

R — Review data in the experiment file

s — f%ingle crystal data preparation

H — Exit from EXPEDT

EXPEDT data setup option <{?>_D.K.P.R.5.X> >8

There iz phase information present

= Mo phase exists w=x

Enter phase edit command<<?>.5.1.R> >I il

Figure 11: Select “I’ to enter a new phase.

First, insert a new title. Something like *‘Oxalic acid dehydrate at 300 K from SXD’
would be appropriate (Fig. 12). Don’t forget to finish with a <CR>.

oo CAWINDOWSAsystem3 2\emd.exe - C:fgsasfexppuifgsastcl.bat C:\psas\exe\expedt.exe OXALIC [y [m] b

K — Live dangerously. NO MEM COPY,. HO BACKUP! -
Q — Quit,. exit from the program

R — Review the data in this file

¥ — Create a copy of this file and edit it

Is this the file you wish to use? (7>, K.Q.R.¥> >% _J

Experiment title:
Oxalic Acid Dihydrate at 388 K from SHD
The last history record is :
HSTRY 1 created readexp.tcl 1.41 Thu Febh 83 14:48:17 GMI Standard Time 208

EXPEDT data setup option ({?>.D.K.P.R.S5.H> >

ERPEDT data setup options:

%> — Type this help listing

Distancerangle calculation set up

Delete all but the last n history records

Powder data preparation

Review data in the experiment file

Single crystal data preparation

Exit from ERPEDT

EHPEDT data setup option <{?>_D.K.P.R.5.X> >8

There iz phase information present

= Mo phase exists w=x

Enter phase edit command<<?>.5.1.R>» >I

Enter identifying name for new phase number 1.
*0xalic Acid Dihydrate at 388 K from SHD il

Figure 12: Enter a title and press <CR>.

-

The space group needs now to be specified. As mentioned in the beginning, oxalic
acid dihydrate crystallises in the monoclinic space group P 2;/n (Fig. 13). Be careful
when specifying the space group. Omission of spaces may result in the wrong space
group being used.



s C:\WINDOWS\system32\cmd.exe - C:/gsas/expgui/gsastcl.bat C:\gsas\exelexpedt.exe OXALIC [H[=]E]

¥ — Create a copy of thiz file and edit it ]
Is this the file you wiszh to use? ({?> K. Q_R.¥> ¥
Experiment title:
Oxalic Acid Dihydrate at 388 K from SHD
The last history record is : _J

HSTRY 1 created readexp.tcl 1.41 Thu Febh B3 14:48:17 GMT Standard Time 208

5
EXPEDT data setup option {{?>_D.K.P.R.5.3> >
EXPEDT data setup options:
<?» — Type thisz help listing
— Distancesangle calculation set up
Delete all but the last n history records
Powder data preparation
Review data in the experiment file
Single crystal data preparation
Exit from EXPEDT
EXPEDT data setup option ({?>_D.K.P.R.5.3> >§
There iz phase information present
=33 No phase exists =%
Enter phase edit command{<?>,%.I1.R> >I
Enter identifying name for new phase numher 1.
*0xalic Acid Dihydrate at 388 K from SED
Mo space group information found
Enter space group symbol {ex: Pn a 21, P 42ncn., R -3 c,. P 42-n,
R -3 m R for rhombohedral setting? >P 21./n_ i

Figure 13: Specification of space group.

n
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EXPEDT recognises the space group as being monoclinic and therefore only asks for
a, b, ¢, and the angle B of the unit cell. Just as a reminder, these values are a =
6.1143A, b = 3.5870A, ¢ = 12.0109A and B = 106.127° (Fig. 14).

o CAWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

R — HReview data in the experiment file ]
s — fingle crystal data preparation
i — Exit from EHPEDT

There iz phase information present
=x#% Mo phase exists =% _J
Enter phase edit command{<?>,%.I1.R>» >I
Enter identifying name for new phase numher 1.
*Oxalic Acid Dihydrate at 3880 K from SED
Mo space group information found
Enter space group symbol {ex: Pna 21, P42ncn., R -3 c,. P 42/n,
R -3 m R for rhombohedral setting? >P 21.n

Space group P 21-/n

The lattice iz centric primitive monoclinic Lawne symmetry 2./.m
Multiplicity of a general site is

The unigue axis is h

The symnetry of the point A.A,.0 contains lhar

The equivalent positions are:

< 1> E ¥ Z C 21,28 1-2+Y 1-2-Z

Enter real lattice paramneters (Angstroms & degrees)
Enter a,. h, ¢ and Beta >h.1143, 3.587, 12.818%. 186.127 Jlhd

Figure 14: Input of lattice parameters.

EXPEDT computes the unit cell volume. If we knew the error estimates on the lattice
parameters this information could be inserted using the ‘S’ submenu to enter the
standard deviation on the lattice parameters. For now, we will leave this option. This
concludes the specification of the lattice parameters and the unit cell and thus, we will
quit EXPEDT. This can be done by entering ‘X’ for Exit followed by <CR>. Entering
‘X’ generally takes the user back to the previous level and so to completely exit
EXPEDT ‘X’ needs to be entered on every level until the DOS window says ‘Press
any key to continue’ (Fig. 15). Do exactly as suggested. The main EXPGUI window
should now reappear (Fig. 16). By using EXPEDT to enter the space group and lattice
parameters a file called ‘Oxalic.exp’ has been edited invisible to the user. This *.EXP’
file is the master file for the crystal structure refinement and care should be taken not
to accidentally delete it as this may mean to start again from the beginning. EXPGUI
notices that the content of the file *Oxalic.exp’ has been altered and thus asks whether



we would like to use the new version or restore the previous. Select ‘Load new’ as
indicated in Fig. 16.

oo CAWINDOWSAsystem3 2\emd.exe - C:fgsasfexppuifgsastcl.bat C:\psas\exe\expedt.exe OXALIC [y [m] b

Space group P 2i/n ﬂ
The lattice is centric primitive monoclinic Lauwe symmetry 2.m

Multiplicity of a general site is

The unigue axis is b

The symmetry of the point B.8.8 contains lhar

The equivalent positions are: _J
L H ¥ Z 20 128 1-2+Y 1-2-Z

Enter real lattice parameters {Angstroms & degrees’
Enter a. b, ¢ and Beta >6.1143, 3.587. 12.91P8%. 186.127
Lattice parameters are

a.b.c 6.114388 3.587008 12 _ 601096808

angles 78 .8008 186 .127 98._08680

volume 253.857
Lattice symmetry is monoclinic
Space group symmetry is monoclinic
Enter phase edit command<<?>.5.D.E.F.M.I.L.R.S.H> »x
Enter Single Crystal data preparation optiond<{7?>_1.P.T.H>» >x
EXPEDT data setup option (<?>_D.K.P.R.5.X> >x
STOF EXPEDT terminated successfully statement executed

C:~0xalic Acid>pause
Preszs any key to continue . . il

Figure 15: Just about to exit EXPEDT

4 Reload?

Help

File OXALIC.EXP has been modified by another program.
Do you want to use the newer (modified) version or contine
with the older (previous) version of the file?

Continue with old |

Figure 16: Select ‘Load new’.

To view the lattice parameter information click on the ‘Phase’ tab of EXPGUI. The
lattice parameters appear as shown in Figure 17.

Before continuing with EXPGUI and GSAS, we need to prepare the SXD data. The
crystal has been measured at five different omega settings (orientations) for about 1
hour at each setting. The temperature was close to 300 K. The raw data have been
indexed and integrated using SXD2001. However, we still need to calculate the
absorption correction and convert the files to GSAS histograms. To perform the
absorption correction start SXD2001, load the *SXDILinstr’ file and click the ‘Calc.
corrections’ button (Fig. 18).

A GUI similar to the one shown in Figure 19 should appear. The quantities to be
specified by the user are the scattering and absorption cross section per atom and the
number density in units of A®. Information about the cross sections can be found on
the internet at http://www.ncnr.nist.gov/resources/n-lengths/. They are summarised in
table I.



http://www.ncnr.nist.gov/resources/n-lengths/�

8 EXPGUI c:/0xalic Acid/OXALIC.EXP 9=(c3

File Options Powder Xtal Graphs Results Calc Import/Export Help

expnam | expedt | genles | powpref | powplat | |5t | lveplot |

LS Contrals  Phase | Histogram | Scaling | Profile | Constraints | MD Pref Orient | SH Pref Orient

Phase:l 1 Replacel title:lO:{aIic acid dihydrate at 300 K fram S<D
Add a 6114300 | b |3.587000 | ¢ 12.010900 | 4| Refine Cell r
FPhase o 90.0000 | B [108.1270 | ¥ [90.0000 | CEl cell damping 0 —

* name type ref fdamp fractional coordinates Mult Occupancy Uiso

-

o JJ
Add New Atumsl

Fr< Fru I | —| —| |

[Pk search settings| [Fun number |
Eeatacat i Det. calib. fil |detector.nor

Detectory i

B pixel rangﬁ 13,61

[E piel range [3.61

[TOF range [usec] 2000, 3000

Omit d-spacings | [0.0.00 -

[Omi crpstale] | [Eece groupl]|

[Jze UE af crpstal | [0 [Bpace group | [F1

matrix [Crpstalna. ] M [Detectoris]] 1

Lattice parameters h 0,00

Cell angles 1905080

Phi. Chi. Omega |0.0,0.0,00

n-tuple size o

[Success rate 10

Mo of attempls |50
Refine UB ‘ ?:g?g;z ‘ Surprize 1 |
Cale. corrections Ertract bkl sections Surprize 2 ‘

Integrate Peaks Focus in d-spacing

Plot single/multiple spectra

Update .use file

i TOF range [used] [0, 10000
Plat surnmed rows Scan

1 Rows ta sum N3]
[Columns to plof ~ [361 TOF rangs [usec] {0.10000

[Peak search resuls - click on buttan]
2l 2] 2l o) 5| 8] 2] ] =] o s e[ TP =] e contos |

i TOF range [usec] |200,10000
[E<D2007T]  [Noraw data present - load raw data first, ] Intensity cutefts | (00,00 [Max scale | XA |

[ Display coordinate grid
I Show indexed peaks for crystal(s)| 1 with hkltolerance|n 02

I UseDAE [Fi

I Identify cables

Figure 18: SXD2001 main GUI. The location of the ‘Calc. corrections’ button is
indicated.




EEX)

# Calculate corrections

[Inteqrated intensities file(s) | |

S ample properties

|S cattening crozs section [barnz] | |
|.fl'-.l:|scur|:|ti|:|n crozs section at 1.8 4 [barng] | [10.8
|Num|:uer demnzity [atomsAt "3 | 0.0536

| Shape |Spherical j|

Radius [em] | [0.3 |
|
|

foeee]

|
b ethod [ Gaussian Integration

[ Monte Carlo Integration
| |

[ Caleulate TDS

|

| Precizian |-'-1

[ Calculate extinction
Thar aonly -

[ Calculate absorption

[Eager to calculate conections |

Calculate E =it

Figure 19: Initial appearance of the calculate corrections GUI.

Table I: Scattering and absorption cross sections of C, O and H (values taken from
http://www.ncnr.nist.gov/resources/n-lengths/).

Element Scattering cross section | Absorption cross section at
[barns] 1.8 A [barns]

H 82.02 0.3326

C 5.551 0.0035

@) 4.232 0.00019

As can be seen from table I, the scattering cross section, which is the sum of the
coherent and incoherent cross sections is very large for hydrogen. This is mainly due
to the large incoherent cross section of hydrogen. This large cross section of hydrogen
is often causing a large slowly varying background in the diffraction pattern. A way
around this would be to replace deuterium for hydrogen. The scattering cross section
is nearly independent of the energy, while the absorption cross section varies linearly
with wavelength. Thus, this value is usually quoted for neutrons having a wavelength
of 1.8A corresponding to a neutron speed of 2200m/s or a thermal energy of 293 K.

As mentioned in the introduction, the chemical composition of Oxalic Acid Dihydrate

is (COOH),-2H,0. The scattering and absorption cross section per atom are calculated
as follows:

18
Oaps = Hzgabs (l)
i=1


http://www.ncnr.nist.gov/resources/n-lengths/�

1S
Oscat = _zo-scat (2)
N

where n is the number of atoms in the formula and !, ¢!  is the absorption and

abs ? scat

scattering cross section, respectively, for atom i in the chemical formula.

Using the values in Table | compute the absorption and scattering cross section and
enter them in the corresponding field in the “Calc. corrections’ GUI. If you need a
calculator, Window XP usually supplies one in the ‘Start” — ’All programs’ —
‘Accessories’ menu.

Next, we calculate the number density. This number is defined as the number of
atoms divided by the unit cell volume. This should be straightforward...(Hint: there
are Z = 4 formula units per unit cell). Insert the result in the corresponding text field
in the “Calc. corrections’ GUI. The number density can also be derived from the mass
density. This is left as an exercise to the reader (Hint: Use Avogadro’s number).

Select the intensity files ‘sxd17210_1sb.int’, ‘sxd17211_1sb.int’, ‘sxd17212_1sb.int’,
‘sxd17213 1sh.int” and ‘sxd17214 1sb.int’ using the ‘Browse’ button in the *Calc.
corrections’ GUI (Fig. 20). These files contain the results of the peak integration for
the runs sxd17210 — sxd17214 corresponding to the runs for the present compound.
For convenience, these files are located on the desktop.

Select integrated intensity files

Laak jn: |@' Desktop j i e B2~

BMy Documents

-j My Computer
My Recent  |WJmy Network Places
Dacuments EProjectt

6

My Network  File name: "sxd17214_1sh.int" "sxd17210_1sb.int" "sedl v | Open

Flaces \—I
Filez af twpe: |“.int j Cancel

Figure 20: Select the reflection files for use in GSAS.

Finally, we need to know the sample shape. In our case, a cylindrical shape will be
good enough. Specify a radius of 0.2 cm and a height of 0.4 cm. Select ‘Gaussian
Integration” with a precision of 32 points. The latter parameter corresponds to the



number of grid points used in the numerical integration — the higher, the more precise
but also the slower the calculation will be.

Select “Calculate absorption” and ‘Calculate extinction’ but leave the selection at
“Thar only’. This is the absorption weighted path length through the crystal and is
needed for the Becker-Coppens type extinction correction (see later). The GUI should
now appear similar to the one shown in Figure 21. Note, that the absorption and
scattering cross section as well as the number density have been omitted and are left
to the user to be calculated as an exercise. They are needed, so don’t omit them!

# Calculate corrections Q@@

Integrated intensities filefs] ||C:\Documents and Settings'migB75D = Select

S ample properties

|S cattening crozs section [barnz] | |

|.fl'-.l:|scur|:|ti|:|n crozs section at 1.8 4 [barng] | [10.8

[Mumber denzity [stams/4"3] | 0.0536
| Shape | Cylindrical ﬂ|
Fedwlrl] oo |

Height [cm] | 0.4

|I:_I,Ilin|:|er vertical at [phi, chi, Dmega]| (0.0, 00,00

v Gaussian Integration | Precizian |32 ﬂ|

[ Monte Carlo Integration
| |

[v Calculate absorption | Calculate estinction [ Caleulate TDS
Thar aonly -

[Eager to calculate conections |

Calculate E =it

Figure 21: Specify the scattering and absorption cross section as well as the number
density.

To calculate the corrections press the ‘Calculate button’ and wait until the text
window just above says that it is done. Then exit.

The reflection files are now ready for importing into GSAS. This step must also be
done from SXD2001 as GSAS does not provide a standard way to import SXD data.
To facilitate this select in the ‘File’ menu in SXD2001 the *‘Generate GSAS reflection
file’ option. Click into ‘OK” in the first window that appears. This will pop up a
dialog asking for a GSAS .EXP file. Point to the directory of your .EXP file and select
it (Fig. 22). Click into ‘Open’.



Select GSAS .EXP file

Lok jri | 12 Oxalic Acid 7 o« @k E

ty Recent
Docurments
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[
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by Computer
My Network  File name: |DXALIC EXP -] gpen |
Places
" Ex=F j Cancel

Filez af twpe:

Figure 22: Select ‘Oxalic.exp’.

Select peak intensity files

Look. jr: |@ Deskiop j =) &5 Ef-

L E}My Documents
' J My Computer
My Recent WMy Network Places
Docurnents ()Project1

fi' -,:--'|:I1?"'-._7'1|:|_1::I:|.ir|t
sxd17211_1sh.ink
Deskiop sxd17 1sh.int
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ky Computer
Py Metwark, File narne: "ewd 17210 T zbiint" "end 172717 _Tshiint' Vendl ﬂ Open |
Places
Files of type: * int ﬂ Cancel

Figure 23: Select the reflection files.




Another dialog pops up asking for the reflection files. Point the directory path to your
desktop and select simultaneously sxd17210 1sb.int — sxd17214 1sh.int as shown in
Figure 23. Click again into ‘Open’. A GUI similar to the one shown in Figure 24 will
appear.

| Select export GSAS options

|S elect hiztogram options |

| One histogram per crystal
[ One histogram per crystal per orientation

[v One histogram per crystal per detector

[Select weighting and scaling |

Wieightz will be modified according to;
#[F2q)=SORT[s[Faq] 2+[F*Fzq) " 2+K]

|F' | [0.04
|K | 0.0
[Scale factor | [0.0]

|L| ze reflections |

v &l reflections

™ LUsze 10 strongest reflections in each detector
[l#sigma cutoff|[3.0
Ok Cancel

Figure 24: GSAS export options. Select ‘One histogram per crystal per detector’.

Change the default selection of ‘One histogram per crystal’ to ‘One histogram per
crystal per detector’, the scale to 0.01 and leave the other options as they are. The
weighting options allow to change the weights used in the refinement. The default
values result in a more linear weighting scheme for the reflections in the least-squares
refinement. The scale factor (here to be set to 0.01) can be used in case problems are
encountered with exporting strong reflections into the GSAS file format. Click into
‘OK” and wait until EXPGUI starts to flash. It asks whether a newer version of the
exp file should be loaded. The conversion process has written information about the
histograms to the .EXP file and thus modified it. Select ‘Load new’.

Starting positions for the oxygen and carbon atoms are given in table Il. Don’t forget
that one should always be well prepared and use a well-characterised sample before
doing a neutron experiment. These positions can be entered in the ‘Phase section of
EXPGUI. Click on the “‘Add New Atoms’ button and insert the atoms in the text box
that appears as shown in Figure 25.

Table 1I: Positions of carbon and oxygen

Atom X y y4
C(1) -0.045 0.054 0.052
0O(1) 0.084 -0.059 0.149
0(2) -0.220 0.231 0.037
0(3) -0.049 0.112 0.319




Adding atoms to phase #1

8 ’EEE;” Narne y y z Ot Uisa l';'lsa‘;
1]c | |-0.045  |0.054 |0.052 |10 |0.025 3
2 0 |O1 |0.084 |-0.058  [0.149 |10 |0.025 3
3|0 oz |-0.22 |0.231 |0.037 |10 |0.025 3
4 [0 |o3 |-0.048  [0.112 jos1d 1o |0.025 3

hore atom boxes

el

Add Atoms | cancel |

Impart atoms from: | PowderCell .CEL file —i |

Figure 25: Add new atoms dialog. Click in ‘Add Atoms’ to finish.

Hopefully, the atoms have been added and the ‘Phase’ section of EXPGUI should
now contain the information as shown in Fig. 26.
M EXPGUI c:fOxalic AcidfOXALIC_EXP

EBX

File Options Powder Xtal Graphs Results Calc Import/Export Help
expnam | expedt | genles | powpref | powplat | |5t | lveplot |
LS Contrals  Phase | Histogram | Scaling | Profile | Constraints | MD Pref Orient | SH Pref Orient
Phase:l 1 Replacel title:lO:{aIic acid dihydrate at 300 K fram S<D
Add a 6114300 | b |3.587000 | ¢ 12.010900 | 4| Refine Cell r
Phase o 90.0000 | B [108.1270 | y |90.0000 | Cel| celldamping 0 —i|
* name type ref fdamp fractional coordinates Mult Occupancy Uiso
1C1 C o o0 o0 -0.045000 0.054000 0.052000 4 1. 0000 0. 02500 J
2 01 o o o0 o0 0.054000 -0.059000 O©.149%000 4 1.0000 0. 02500
3 02 1} 0 0 0 -0.220000 0.231000 0.037000 1 1. 0000 0.02500
4 03 o o o0 o0 -0.049%9000 0.112000 0.31%000 4 1.0000 0. 02500
K JJ
Add New Atumsl
Frx Fu r | | | |

Figure 26: Phase section of EXPGUI after entering the atoms.



We are now ready to start some initial refinements. Do this by pressing the
‘GENLES’ button. Initially, the histogram scale factors are being refined. These are
set by default for refinement. Apply GENLES a few times until the DOS window says
‘Converged’ (Fig. 27). GSAS can now and then diverge. Just try GENLES again, it
often finds its way into the correct minimum.

Histogram 41 Type ENT Nohs = 15 R(F»x2) = B.6393 CHI=x2= 1_4479E+A3 ]
Histogram 42 Type ENT Nohs = 14 R(F»x2) = B.3765 CHI==2= §_B556E+HA2
Histogram 43 Type ESNT Nohs = 22 R(F»x2) = B.5824 CHI==2= §_2945E+B82
Histogram 44 Type ENT Nohs = 11 R(F=x2) = B.4025 CHI==2= 5 _3857E+HA2
Histogram 45 Type ESNT Nohs = 17 R(F»x2) = B.376%7 CHI=x2= 5§ _3823E+BA2
Histogram 46 Type ESNT Nohs = 28 R(Fx2) = B.4524 CHI=»2= 1_.3615E+A3
Histogram 47 Type ESNT Nohs = 38 R(Fx2) = B.7877 CHI=»2= 3_.3362E+B3
Histogram 48 Type ESNT Nohs = 24 R(Fax2) = B.4291 CHI=»2= 1_2985E+83
Histogram 42 Type ESNT Nohs = 28 R(Fx2) = B.6213 CHI=»2= 1_8219E+A3
Histogram 58 Type ESNT Nohs = 31 R(Fax2) = B.3711 CHI=»2= §_4508E+H2
Histogram 51 Type ESNT Nohs = 16 R(Fxx2) = B.4944 CHI=»2= 5.1865E+B2
Histogram 52 Type ESNT Nohs= 28 R(Fxx2) = B_66506 CHI=»2= 1_9415E+A3 _J
Histogram 53 Type ENT Nohs= 14 R(Fx2) = B_3736 CHI=»2= 4 _4518E+B82
Histogram 54 Type ESNT Nohs= 12 R{Fx2) = B_3483 CHI=»2= 2 _4L84E+B82
Histogram 55 Type SNT Mohs = 18 R(Fx2) = B_7475 CHI=»2= 2 _2459E+83

Single crystal Rw(Fo»=2)» = @.641 for 1838 observations

CPU times for matrix build B.38 sec; matrix inversion 8.80 sec

Final variable sum{{zhift-sesdr=x2) for cycle 7 B.88 Time: B.38 sec
Convergence was achieved and

STOF GEMLES terminated successfully statement executed

C:~0xalic Acid>pause

Prezs any key to continue . . . _ il

Figure 27: Initial refinement.

Note, that by default, the refinement is performed on F? with the weights according to
1/c%. The number to observe during refinement is the “Single crystal Rw(F0**2) (see
Fig. 27). In addition, the unweighted R(F**2) for each individual histogram are
output in the DOS window. After the first refinement cycle Rw(Fo**2) is 0.641,
which is very high. This is not really surprising, since the H atoms are still missing
and no structural parameters have been refined as of yet.

After pressing any key to continue, EXPGUI asks whether the new file should be
loaded or the older version should be restored. Choose ‘Load new file’.

Try to refine the atomic positions next. This can be done by selecting all atoms
simultaneously using the mouse as you would do to select text in an ordinary text
editor. The refinement flag for the atomic positions is set by checking the box labelled
‘X” in EXPGUI. A *X’ should appear on each line specifying the atom position (Fig.
28).

Refine now again using GENLES. GSAS quickly converges and the Rw(Fo**2)
slightly decreases to about 0.626. This is still not overwhelming.



4 C:/(ncalic Acid/OXALIC.EXP

File Options Powder Xtal Graphs Results Calc Import/Export Help

expnam | expedt | genles | powpref | powplat | |5t | lveplot |

LS Contrals  Phase | Histogram | Scaling | Profile | Constraints | MD Pref Orient | SH Pref Orient

Phase:l 1 Replacel title:lO:{aIic Acid Dihydrate at 300 K from SxD

Add a 6114300 | b |3.587000 | ¢ 12.010900 | 4| Refine Cell r

FPhase o 90.0000 | B [108.1270 | ¥ [90.0000 | Cel| cell damping 0 |
* name type ref fdamp fractional coordinates Mult Occupancy Uiso

1C1 C X0 0 0 -0.045000 0.054000 0.052000 4 1.0000 0. 02500 J
2 01 o X 0 0 0.054000 -0.059000 0.149%000 4 1.0000 0. 02500

3 02 o X0 0 0 -0.220000 0.231000 0.037000 1 1.0000 0. 02500

4 03 o X0 0 0 -0.049000 0.112000 0.319000 4 1.0000 0. 02500

K| JJ
Set refinement options: atoms 1-4 Add Mew Atumsl

RefinementFlags: W X [T U [T F Damping: X 0 —lIU 0 —'I F 0 —'I Xfaorm Atoms |

er | | |
| | | | | |

Figure 28: Setting the refinement flag to refine the atomic positions.

Histogram 41 Type S5SNI MNohbs = 15 R{F»=2) = @.4631 CHI»=2= §.2738E+@2 -]
Histogram 42 Type SHT Nobs = 14 R{F»x2) = @.3761 CHI»»2= §.8589E+82
Histogram 43 Type SHIT Nobs = 22 R{(F»x2) = @.4794 CHI»»2= 7. 4673E+@2
Histogram 44 Type SHT Nobs = 11 R{F»x2) = @.3571 CHI»»2= 3.8652E+@2
Histogram 45 Type SHT Nobs = 17 R{F»x2) = @.4488 CHI»»2= .7454E+82
Histogram 46 Type SHT Nobs = 28 R(F»x2) = @.4683 CHI»»2= 1.4A58E+A3
Histogram 47 Type SHIT Nobs = 3@ R({F»x2) = @.7882 CHI»»2= 3.2662E+A3
Histogram 48 Type SHT Nobs = 24 R{F»x2) = @.4530 CHI»»2= 1.3768E+@3
Histogram 42 Type SHT Nobs = 28 R{F»x2) = @.5962 CHI»»2= 1.6758E+A3
Histogram 5@ Type SHT Nobs = 31 R{F»x2) = @.4220 CHI»»2= 9_.198RE+@2
Histogram 51 Type SHT Nobs = 16 R{F»x2) = @.4676 CHI»»2= 5 _A270E+@2
Histogram 52 Type SHT Nobs = 28 R{F»x2) = @.5621 CHI»=2= 1.4725E+@3 _J
Histogram 53 Type SNT Nobs= 14 R{F=2) = @.3180 CHI»2= 3.3676E+B2
Histogram 54 Type SNT Nobs= 12 R{F=2) = @.3833 CHI»x2= 2 9285E+82
Histogram 55 Type SNT Nobs= 18 R(F=2) = @.7252 CHI»2= 2.1449E+83
S8ingle crystal Ru(Fo»=2) = ®.626 for 1888 observations
CPU times for matrix build B.38 sec; matrix inversion B8.82 sec
Final variable sum{{shift~sesd)>**2) for cycle 12: 8.81 Time: B.3% sec
Convergence was achieved and
STOP GEMLES terminated successfully statement executed
C:n\0Oxalic Acid>pause
Press any key to continue . . . il

Figure 29: Refinement result after using GENLES.

A very important correction in neutron single-crystal diffraction is extinction.
Compared to X-ray diffraction, crystals for neutron diffraction are quite large. Even in
the absence of absorption effects, extinction often still is important. In order to access
the extinction parameter start EXPEDT again. The now familiar screen shown in
Figure 30 appears and the user should enter “Y” to use the current EXP file.

All information relating to least-squares refinement can be found in the ‘Least squares
refinement set up’ submenu of GSAS. Select ‘L’ as shown in Figure 31. By pressing
<CR> the options are listed in detail. The extinction models can be found in the “Edit
overall parameters’ section and therefore, we select ‘O’ (Fig. 32).



oo CAWINDOWSAsystem32\emd.exe - C:fgsasfexpguifgsastcl.bat C:\psas\exe\expedt.exe OXALIC

C=\0xalic Acid>REM a batch file to a DS command and pause fi
C=\0Oxalic Acid>C:ngsassexenexpedt.exe OXALIC

Program EXPEDT Uersion Win32
A menu driven routine to edit .ERP files
Distributed on Fri Apr 16 B8:-09:82 2884

Allen C. Larson and Robert B. Uon Dreele
Hanuel Lujan, Jr. Neutron Scattering Center, MS-HB85
Los Alamos National Laboratory, Los Alamos, HNM 87545

Copyright,. 2888, The Regents of the University of California.

The last history record iz :
HSTRY 2 GENLES Win32 Feb 83 14:48:81 2885 Sdsg= B.699E+85% S-/E= B.913E-82

Is this the file you wish to use? ({?>_.D.K.Q.R.¥> >¥Y_

Figure 30: Select *Y’ to use the current file.

Copyright, 2000, The Regents of the University of California.

The last history record is :
HSTRY 2 GENLES Win32 Feb 83 14:48:81 2885 Sdsq= B.699E+#5 5/E= A.913E-82

Is thiszs the file you wizh to use? {{?> D K. Q.R.¥Y> >¥
Experiment title:
Oxalic Acid Dihydrate at 3880 K from SED
The last history record is :
HSTRY 2 GENLES Win32 Feb 83 14:48:81 2885 Sdsq= B.699E+#5 5/E= A.913E-82

EXPEDT data setup option ({?>_D.F.K,L.P_R.5.¥> >
EXPEDT data setup options:

<> — Type thiszs help listing

— Distancerangle calculation set up

Fourier calculation set up

Delete all but the last n history records
Least squares refinement set up

Powder data preparation

Review data in the experiment file

Single crystal data preparation

Exit from EXPEDT

EXPEDT data setup option <£{?>_D.F.K,L.P_R.5.¥> >L i

e

Hedd e

Figure 31: Select ‘L’ to access the least-squares submenu.

€?» — Type this help listing BN

— Distancerangle calculation set up

— Fourier calculation set up

— Delete all but the last n hisztory records

— Least sguares refinement set up _J

— Powder data preparation

— Review data in the experiment file

— fingle crysztal data preparation

— Exit from EXPEDT

EXPEDT data setup option <<{?>_D.F.K,L.P_.R.5.¥> >L

Select editing option for Least Squares calculation
{?>.A.B.F. L.O.R.8.T . ¥>» >

The available optionz are:

— Type this help listing

Edit atom parameters

Edit rigid body constraints

Edit atom form factor parameters

Edit least sguares controls

Edit overall parameters

Review some of the EXP file data

Edit soft constraint data

Change the experiment title

Exit to main EXPEDT menu

Select editing option for Least Squares calculation
{?>.A.B.F.L.O.R.&.T . ¥>» >0 s

BT

il
=N OO D -

'
I T A I IO I |

Figure 32: Select ‘O’ to access the overall parameters.



Finally, we can access the extinction models by selecting ‘E’ (Fig. 33).
oo CAWINDOWSAsystem3 2\emd.exe - C:fgsasfexppuifgsastcl.bat C:\psas\exe\expedt.exe OXALIC [y [m] b

EXPEDT data setup option <{?>,.D.F.K.L.P.R.S5.H> >L -
Select editing option for Least Sguares calculation

C{?>.A.B.F.L.O.R.8.T.%> >
The available options are:
7> — Type this help listing

A — Edit atom parameters _J
B — Edit rigid body constraints

F — Edit atom form factor parameters

L — Edit least sguares controls

0 — Edit overall parameters

R — HReview some of the ERP file data

2 — Edit soft constraint data

T — Change the experiment title

X — Exit to main EXPEDT menu
Select editing option for Least Sguares calculation

L. B.F.L.O_R.S.T.X>» >0
Enter overall parameter to he edited <{?>_E.H.S5.T.¥> >

Overall parameters editing options:

%> — Type this help listing

— Extinction parameters

— Histogram scale factors

— Phase and element fractions

— Twinned single crystal parameter

— Exit from editing overall parameters

Enter overall parameter to bhe edited <<?>.E.H.S8.T.X> *E_ il

Figure 33: Select ‘E’ for ‘Extinction parameters’.

M=

Phase no. 1

Title: Oxalic Acid Dihydrate at 388 K from SXD
Extinction for crystal element no. 1:

Current extinction type:

Mo extinction

Gaussian model used

Single crystal extinction editing option? ({?2 G .D.L.T . U_H> > _J
The =zingle crystal extinction editing options are:

<?» — Print thisz help listing

Change extinction values

Change the damping flags

List the current values

Change the type of extinction model

Modify the refinement flags

— Exit from single crystal extinction editing

Single crystal extinction editing option? <<{?> G .D.L.T . U_H> >T
Select new extinction type:

Enter extinction type flag, <<?>.8-4> >

B for MO extinction

1 for secondary extinction Type I

2 for secondary extinction Type II

3 for primary extinction

4 for secondary Type I and Type II combhined

Enter extinction type flag, <<?>.8-4> »1_ i

Figure 34: Select “T’ to access the different extinction models.

E il -ul—0 ]
[ O I |

The extinction parameters submenu is under the letter ‘E” (Fig. 33). By default, no
extinction correction is applied. However, this will be necessary for our large crystal
of oxalic acid dihydrate. Type ‘T’ and then <CR> to see a listing of the various
models (Fig. 34). The models are numbered from 0 to 4. It is not necessarily clear
which model should be used and one might have to try different models. In our case
we select model number 1 which is secondary extinction of type I. GSAS asks
whether a Lorentzian distribution model should be used. Select “Y” as shown in Fig.
35.

Although an extinction model has been selected, the parameter is still 0.0 and the
refinement flag is switched to ‘N’ for no refinement. Switch this flag to ‘Y’ by
entering V'’ as shown in Fig. 36. Since we don’t know a good value for the extinction
parameter we leave it to GENLES to refine it. Exit now EXPEDT by entering ‘X’
followed by <CR> as many times as is necessary. Remember, that each ‘X’ will take
you to the previous menu. Run now GENLES again until it converges (Fig. 37).



o CAWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

Phasze no. 1 ﬂ
Title: Oxalic Acid Dihydrate at 388 K from SXD
Extinction for crystal element no. 1:

Current extinction type:

Mo extinction

Gaussian model used

Single crystal extinction editing option? ({?2 G .D.L.T . U_H> >
The =zingle crystal extinction editing options are: _J
<?» — Print thisz help listing

- Change extinction values

Change the damping flags

List the current values

Change the type of extinction model

Modify the refinement flags

— Exit from single crystal extinction editing

Single crystal extinction editing option? <<{?> G .D.L.T . U_H> >T
Select new extinction type:

Enter extinction type flag, <<?>.8-4> >

B for MO extinction

1 for secondary extinction Type I

2 for secondary extinction Type II

3 for primary extinction

4 for secondary Type I and Type II combhined

Enter extinction type flag, <<?>.8-4> >

Do you want to use the Lorentzian model <Y.-/<N>>? Y i

o=

Figure 35: “Y” selects a Lorentzian distribution.
oo CAWINDOWSAsystem32\emd.exe - C:fgsasfexpguifgsastcl.bat C:\psas\exe\expedt.exe OXALIC

U — Modify the refinement flags ﬂ
# - Exit from single crystal extinction editing

Single crystal extinction editing option? <({7>.C. D L.T,U.¥>» >T

Select new extinction type:

Enter extinction type flag, <<{?>.8-4> >

B for NO extinction

1 for secondary extinction Type I

2 for secondary extinction Type II

3 for primary extinction _J
4 for secondary Type I and Type Il combined

Enter extinction type flag,. <<?>.8-4> »1

Do you want to use the Lorentzian model ¥-/<N>>? >¥

Current extinction type:

Secondary Type-1 Ualue = 1.80BBE-18 Refine<N> Damp flag = @

Lorentzian model used

S8ingle crystal extinction editing option? <{?>.C.D.L.T.U.H> >

The single crystal extinction editing options are:

{?» — Print this help listing

— Change extinction values

— Change the damping flags

— List the current values

— Change the type of extinction model

— Modify the refinement flags

— Exit from single crystal extinction editing

Single crystal extinction editing option? <{?>_C.D.L.T.U_H> >U_ il

L]l — Nl

Figure 36: Switch the refinement flag on by entering *V’.

Histogram 41 Type SHNT Hobs = 15 R{F»x2)
Histogram 42 Type SHNT Hobs = 14 R{F»*x2)
Histogram 43 Type SHNT Hobs = 22 R{F»x2)
Histogram 44 Type SHNT Hobs = 11 R{F»x2)
Histogram 45 Type SHNT Hobs = 17 R{F»x2)
Histogram 46 Type SHNT Hobs = 28 R{F»x2)
Histogram 47 Type SHNT Hobs = 38 R{F»x2)
Histogram 48 Type SHNT Hobs = 24 R{F»*x2)
Histogram 47 Type SHNT Hobs = 2080 R{F»x2)
Histogram 58 Type SHNT Hobs = 31 Ro{F»x2)
Histogram 51 Type SHNT Hobs = 16 R{F»*x2)
Histogram 52 Type SHNT Hobs = 28 R{F»x2)
Histogram 53 Type SNT Nobs = 14 R{F3x2)
Histogram 54 Type SNT Nobs = 12 R{F3x2)
Histogram 55 Type SNT Nobs = 18 R{F3x2)

A.3838 CHI»x2= 7 .5116E+B2 ]
A.369A CHI»x2= 7 _BA3E+Q2
A.4945 CHI»»2= 8.8378E+B2
A.3475 CHI»»2= 4 BB76E+B2
B.2337 CHI»x2= 2 B248E+B2
A.4325 CHI»x2= 1.4263E+83
A.4378 CHI»x2= 2 2464E+83 _J
A.5831 CHI»»2= 1.6461E+A3
B.4177 CHI»x2= 1 .2588E+A3
A.3764 CHI»x2= §.2413E+B2
A.4897 CHI»x2= 5§ 3BLBE+B2
A.4524 CHI»»2= 1.2198E+A3
A.3723 CHI»=2= 4. 9881E+B2
A.4887 CHI»=2= 3.3166E+B2
B.5892 CHI»=2= 1.2542E+A3

S8ingle crystal Ru(Fo»=x2) = ©@.543 for 1888 observations

CPU times for matrix build B.36 sec; matrix inversion B8.82 sec

Final variable sum{{shift~sesd)**2) for cycle 22: 8.80 Time: B.38 sec
Convergence was achieved and

STOP GEMLES terminated successfully statement executed

C:n\0Oxalic Acid>pause
Press any key to continue . . . il

Figure 37: Refinement result after including extinction.



The refinement has improved significantly with Rw(Fo**2) being around 0.543.
Next, try to refine the isotropic thermal parameters by selecting all atoms and
checking the box labelled ‘U’ (Fig. 38). The letter ‘U’ should appear next to ‘X’ on
each line specifying the atomic coordinates. Run again GENLES until it converges.

A C:/0xalic AcidfOXALIC.EXP (modified)

File Options Powder Xtal Graphs Results Calc Import/Export Help

expnam | expedt | genles | powpref | powplat | |5t | lveplot |

LS Contrals  Phase | Histogram | Scaling | Profile | Constraints | MD Pref Orient | SH Pref Orient

Phase:l 1 Replacel title:lO:{aIic Acid Dihydrate at 300 K from SxD

Add a 6114300 | b |3.587000 | ¢ 12.010900 | 4| Refine Cell r

FPhase o 90.0000 | B [108.1270 | ¥ [90.0000 | Cel| cell damping 0 |
* name type ref fdamp fractional coordinates Mult Occupancy Uiso

1C1 C X0 Uo o -0.041599 0.053945 0.054516 4 1.0000 0. 02500 J
2 01 o X0 Uo o 0.079427 -0.053293 0.149276 4 1.0000 0. 02500

3 02 o X0 Uuo o -0.231956¢ 0.234617 0.030760 1 1.0000 0. 02500

4 03 o X0 Uo o -0.055536 0.112746 0.321394 4 1.0000 0. 02500

o m

Set refinement options: atoms 1-4 Add Mew Atumsl

RefinementFlags: W X M U [ F Damping: X 0 —lIU 0 —'I F 0 —'I Xfaorm Atoms |

er | | |
| | | | | |

Figure 38: Switching the refinement flag for including isotropic thermal parameters.

Histogram 41 Type S5SNI MNohbs = 15 R{F»x2) = @A.4180 CHI»»2= 7. 830RE+Q2 -]
Histogram 42 Type SHT Nobs = 14 R{F»x2) = @.3260 CHI»»2= 4 7419E+82
Histogram 43 Type SHIT Nobs = 22 R{(F»x2) = @.4777 CHI»»2= 9 _BL590E+@2
Histogram 44 Type SHT Nobs = 11 R{F»x2) = @.3411 CHI»x2= 3 .5276E+@2
Histogram 45 Type SHT Nobs = 17 R(F»x2) = @.2479 CHI»»2= 2 _6A61E+@2
Histogram 46 Type SHT Nobs = 28 R(F»x2) = @.3986 CHI»»2= 1.3569E+83
Histogram 47 Type SHIT Nobs = 3@ R{F»x2) = @.4346 CHI»x2= 2_.3424E+@3 _J
Histogram 48 Type SHT Nobs = 24 R{F»x2) = @.5823 CHI»»2= 1.6646E+A3
Histogram 42 Type SHT Nobs = 28 R{F»x2) = @.4@53 CHI»»2= 1.2998E+@3
Histogram 5@ Type SHT Nobs = 31 R{F»x2) = @.3583 CHI»x2= 7. 29A9E+@2
Histogram 51 Type SHT Nobs = 16 R{F»x2) = @.4482 CHI»»2= 4 B670E+@2
Histogram 52 Type SHT Nobs = 28 R({F»x2) = @A.5830 CHI»»2= 1.2994E+@3
Histogram 53 Type SNT Nobs= 14 R{F=2) = @.4@31 CHIx2= 5 7525E+@2
Histogram 54 Type SNT Nobs= 12 R{F=2) = @.4415 CHIx2= 3.5299E+82
Histogram 55 Type SNT Nobs= 18 R{F=2) = @.4965 CHI»2= 1.1628E+83

S8ingle crystal Ru(Fo»=2) = ©@.538 for 1888 observations

CPU times for matrix build B.36 sec; matrix inversion B8.82 sec

Final variable sum{{shift~sesd)>**2) for cycle 32: 8.81 Time: B.38 sec
Convergence was achieved and

STOP GEMLES terminated successfully statement executed

C:n\0Oxalic Acid>pause

Press any key to continue . . . _ il

Figure 39: Refinement result after including isotropic thermal parameters.

Rw(F0**2) only slightly decreases to 0.538. It is now time to try to locate the
hydrogen by plotting some Fourier maps. Open EXPEDT, select ‘Y’ as usual to use
the current .EXP file and then “F’ for Fourier set up (Fig. 40). Entering a <CR> shows
again the options (Fig. 41). To show the locations of all the atoms we select to
calculate and Fobs map from the measured reflections. This can be selected by
entering ‘FOBS’ as shown in Fig. 41.



o CAWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

Copyright, 2000, The Regents of the University of California.

The last history record is :
HSTRY 1% GENLES Win32 Feb B3 14:51:46 2885 Sdsq= B.516E+#5 5/E= A.723E-82

Is thiszs the file you wizh to use? {{?> D K. Q.R.¥Y> >¥
Experiment title:
Oxalic Acid Dihydrate at 3880 K from SED
The last history record is :
HSTRY 1% GENLES Win32 Feb B3 14:51:46 2885 Sdsq= B.516E+#5 5/E= A.723E-82

EXPEDT data setup option ({?>_D.F.K,L.P_R.5.¥> >
EXPEDT data setup options:

<> — Type thiszs help listing

— Distancerangle calculation set up

Fourier calculation set up

Delete all but the last n history records
Least squares refinement set up

Powder data preparation

Review data in the experiment file

Single crystal data preparation

— Exit from EXPEDT

EXPEDT data setup option <{?>_D.F.K,L.P_R.5.¥> >F_ i

Figure 40: Select ‘F’ for Fourier setup.

Ec R 1

g — Single crystal data preparation ]
H — Exit from ERPEDT

EXPEDT data setup option <{?>.D.F.K.L.P.R.S5.%> >F

Enter desired map (<?>,DELF.FCLC.FOBS.NFDF,.PTSN.DPTS.EXIT)> >FOBS

Enter section desired (X.Y.Z — choose Z for DENG maps>» >Z _J

Do wou wish to specify individual map steps for each axis <Y/<N>»? >
Current overall map step size is aua A

Enter new overall map step size in Angstroms >/

The a—axis is 6.114388 A

The new del-x is @.1%11 A

The cell will be divided into 32 points along x

The b—axis is 3.5870808 A

The new del-y is B.1793 A

The cell will be divided into 20 points along wy

The c—axis is 12_.8189688 A

The new del-z iz @.20082 A

The cell will be divided into 6B points along =

01ld x limits are @.8008 to O_8B008

Enter minimum and maximum values of x in fractions of the cell edge >-1.1

Mew x limits are —-1.86088 to 1.09008

01ld y limits are B.800600 to O_0000

Enter minimum and maximum values of v in fractions of the cell edge >1.1

Mew y limitsz are —1.8068 to 1._0008

0ld z limits are 0.80088 to O.9008

Enter minimum and maximum values of z in fractions of the cell edge >1.1 il

Figure 41: Select an FOBS map, enter ‘Z’ projection, accept the parameters for grid
step size using a ‘/’, and set the calculation range along X, y, and z from -1 to +1.

Choose ‘Z’ as a map projection. Answer the next question with ‘N’. Accept the
default of 0.2A for the grid size in all three directions (Fig. 42). Default values are
usually accepted by entering a /> followed by <CR>. Enter the minimum and
maximum values for x, y, and z as -1.0 and 1.0, respectively. This is more than
needed but is also on the safe side.

Next the histograms to be included need to be specified. There are 55 histograms in
total, so enter them as shown, e.g. in Fig. 42. The input for the Patterson calculation is
now completed. Exit EXPEDT by entering *X’ followed by <CR> as many times as
necessary.

To calculate the Fobs map select ‘fourier’ from the *Graphs’ menu in the main
EXPGUI menu. This will take a short time (Fig. 43).



o CAWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

The b—axis is 3.587080 A -]
The new del-vy iz B.1773 A

The cell will be divided inteo 28 points along vu

The c—axis is 12.810988 A

The new del-z is B.2882 A

The cell will bhe divided into 6@ points along = _J
0ld x limits are B.800808 to ©O.09000

Enter minimum and maximum values of x in fractions of the cell edge >—1.1

MHew x limits are —-1.0088 to 1.0000

01d vy limits are BA.HHAA to ©_HAAA

Enter minimum and maximum values of vy in fractions of the cell edge >—1.1

Mew y limits are —1.0HHA to 1_HHAAA

01d =z limits are B.08088 to O.00008

Enter minimum and maximum values of z in fractions of the cell edge >1.1

Mew =z limits are —-1.80088 to 1.0008

At least one asymmetric part of the wnit cell iz included in the Fourier.

Enter new list of histogram numbers in the order you wish them to be read.

The last occurrence of a reflection will be used.

Include histogram (A to terminate list> > 1. 2, 3, 4. 5, 6, Y. 8, 2.18.11

Include histogram (A to terminate list> >12.13.14,.15.16.17.18.19.28,.21.22

Include histogram (A to terminate list> >23.24.25 . 26.27.28.29.3R.31,.32.33

Include histogram (A to terminate list)> >34.35.36.37.38.39. 48,41 .42 _43_.44

Include histogram (A to terminate list)> >45.46.47_.48.49.58.51.52,.53, 54,55

Include histogram (A to terminate list)> >@

Enter FOURIER map option <<?>.A.C.D.E.F.H.I.L.P.R.S. T W.¥» >¥_ Jlhd

Figure 42: Specification of parameters for Fourier calculation.

C=\0xalic Acid>REM a batch file to a DS command and pause fi

C=\0Oxalic Acid>C:ngsassexesfourier.exe OXALIC
Calculation of a FOBS map was regquested.

CPU time for reading reflections was B.31 sec.
CPU time for this FOURIER map was B.14 sec.
STOP FOURIER completed successfully statement executed

C:nOxalic Acidrpause
Press any key to continue . . .

-]

Figure 43: Successful completion of Fourier calculation.

A convenient means to locate the hydrogen is to perform a peak search on the Fobs
map just calculated. This can be done using the program ‘forsrh’ under the *Graphs’
menu in the main EXPGUI window. The user is asked to specify an intensity cut-off
and the maximum number of peaks to be stored in the list. Hydrogen corresponds to
negative intensity holes in a Fobs map due to its negative coherent scattering length
and thus we select -0.8. This value usually needs a bit of trial and error as sometimes
too many, sometimes too few peaks are found. Enter a maximum of 50 peaks to be
found and accept the default to not write an output file.

The peaks located are displayed in Fig. 45. As expected, 7 peaks were located as
suggested by the chemical formula. Four of the peaks have a positive amplitude.
Comparing them with the atom positions given in EXPGUI easily allows to identify
them as being carbon and three oxygens, respectively. The remaining three peaks
have a negative amplitude very close to the minimum value of the Fobs map and thus
they must be the missing hydrogens.



o CAWINDOWS\system32\cmd.exe - C:/gsas/expguifgsasicl.bat C:\gsas\exe\forsrh.exe OXALIC !EE

C:0Oxalic Acid>REM a batch file to a DO command and pause :j
C:s0Oxalic Acid>C:sgsassexesforsrh.exe OHALIC

Program FORSHH Uersion Win32
Fourier map peak search program
Distributed on Fri Apr 16 A8:07:06 2004

Allen G. Larson and Robert B. Uon Dreele
Hanuel Lujan, Jr. Meutron Scattering Center, MS—HEAS
Los Alamos Mational Laboratory, Los Alamosz, HM 87545

Copyright, 20AA. The Regents of the University of California.

A FOBS file has heen opened

The range of map values is —-1.818 to 3.806

Enter min. Peak value <negative if negative valuesz are desired> >-8@.8

Enter number of peaks to he located <1 to 225> >5@

Save the peaks located in the EXP file? <Y <N>> > _J

Figure 44: Input for forsrh.

A FOBS file has heen opened

The range of map values is -1.818 to 3.866 _J
Enter min. Peak value <{negative if negative wvalues are desired> >-0.8

Enter number of peaks to be located <1 to 225> >5@

Save the peaks located in the EXP file? (Y.<{N}» >

Hin rho = -3.800B8 MNo. of peaks = 58 Peaks saved? N
The following peaks w;re fuung

o
3.886 B.9555 .a564
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Total CPU time for FORSRH was B.13 seconds
STOF FORERH terminated successfully. statement executed

C:~0xalic Acid>pause
Prezs any key to continue . . . il

Figure 45: Peak search results.

Alternatively, it is also possible to draw Fourier maps. Just for completeness let us do
this before continuing with the crystal structure refinement. To prepare the drawing of
Fourier maps, select the program “forplot’ under the *Graphs’ menu. A screen similar
to the one shown in Fig. 46 appears. Entering <CR> as usual shows the options. We
choose “‘C’ and accept the default for not saving graphics output. The resulting screen
provides some information about the available data and plotting options (Fig. 47).

For instance, the data have been rescaled to span a range between -1.01 and 3.81. By
default 5 contours will be drawn at 0.63, 1.27, 1.90, 2.54, and 3.17. The map size
from center to edge will be 5A and the map grid interval 0.3A. Since we are interested
in seeing negative intensity from the hydrogen, the contour levels need to be modified
such as to include negative contours as well. Let’s set 13 intervals at the values -1.0, -
0.8, -0.6, -0.4, -0.2, 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, and 1.4. In order to see which
option will allow this press <CR>, select ‘N 13’ and enter the values as suggested
(Fig. 47).



o C:AWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\forplot.exe OXALIC !EE

C:sOxalic Acid>C:isgsassexesforplot.exe OHALIC ]

Program FORFLOT Uersion Win32
Cryzstal structure Fourier map drawing program
Distributed on Fri Apr 16 A8:07:0s 2004

Allen G. Larson and Robert B. Uon Dreele
Manuel Lujan, Jr. Meutron Scattering Center, MS—HBHS
Los Alamos Mational Laboratory, Los Alamosz, HM 87545

Copyright, 20AA. The Regents of the University of California.

Enter graphic screen option <<?>. A.B.C.D.Z> >
Graphics screen option:
black on white graphics always on top

B white on bhlack graphics alwawys on top

[ H black on white graphics not on top

D white on black graphics not on top

z Mo screen graphics; only hardcopy

Enter graphic screen option <<?>. A.B.C.D.Z> >c

Do you want to save graphics output <Y _<H>>7 > i

Figure 46: Initial screen of “forplot’. Select ‘C” and accept the default for not saving
graphics output.

C:\WINDOWS\system32\cmd.exe - C:/gsasfexpguifgsastcl.bat C:\gsas\exe\forplot.exe OXALIC !EE

Map ® axis divided into 32 steps, from —-32 and covering 65 steps ]
Map ¥ axis divided into 28 steps, from -28 and covering 41 steps
Map £ axis divided into 68 steps, from —-68 and covering 121 steps
Map scaling factor 1_E+88
Rescaled vho limits from -1.81 to 3.81 _J
There were 322465 map elements stored
Selected maptype is FOBS
The map values range From —-1.81 to 3.81 with a scaling factor of 1.E+80
5% contours will be drawn between rho = A.88 and 3.81
with an interval of B.63
Contours will be drawn at:
A.63 1.27 1.98 2.5%4 3.17
The map center is at A.nRAAA A . ABERA A . AdeAA
The map orientation vectors are:
U = 1.8800A a.8AAAA A.AABAA
U = A.AnARA 1.00888 A.aBAA
Flot axes to crystal transformation matrix:
A.163551 A.AARAAA a.84729
A.ABABA A.278785 A.AaRaA
A.aABABA A.aABABA B.986668

Height of section above center is A.A8A A

The map size — center to edge is L.88 A
The map grid interval iz B.3608 A
Enter FORPLOT command ¢{?>.A.C.D.E.G,F.H,.I,L.M.N.O.P.Q.R.S. T .U> > =

Figure 47: Default settings for drawing Fourier maps.

Selected maptype is FOBS ﬂ
The map valuesz range from —1.81 to 3.81 vwith a scaling factor of 1.E+88
% contours will be drawn between rho = A.88 and 3.81
with an interwval of B.63
Contours will be drawn at: _J
B.63 1.27 1.989 2.%4 3.17

The map center iz at A . 88884 a. 8dua A . 8dvea
The map orientation vectors are:
U = 1.8088008 a._888088 0. 888868
U = 8. 88888 1.806088 8. 8880868
Flot axes to crystal transformation matrix:
B.163551 0. 9aBABA a.847298
a. 9aeaeA a.278785% 0. 9a8ea6n
0. 9a8aeA 0. 9a8aeA B.086668

Height of section above center is A.8808 n
The map size — center to edge is L.88 A
The map grid interval iz B.3800 A
Enter FORPLOT command <<{?>_.A.C.D.E.G.
)_

AHAILLLM.N.O.P.Q.R.S.T.U> >N 13
Enter values for contours 1 to 13 .A.-8.8.-8.6.-8.4.-0.2.8.0
Enter values for contours 7 to 13 > 8.2, B0.4. B.6, 8.8, 1.8,.1.2, 1.4
Contours will be drawn at:
-1.880 -9.80 8.0 —-8_.40 -A.20 B.88 A.20 O.49

A.68 BA.88 1.88 1.20 1.40
Enter FORPLOT command <<?>.A.C.D.E.G.F.H,.I.L.M.N,O.P.Q.R.S.T.U> >_ i

Figure 48: Options for Fourier maps. Select ‘N 13’ and enter the new contour values.




We would also like to enter a somewhat finer grid size and label the atoms. Enter ‘G
0.1’ for the former and ‘D’ followed by a ‘/’ for the latter (Fig. 49).

o C:AWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\forplot.exe OXALIC !EE

with an interval of B.63
Contours will be drawn at:
B.63 1.27 1.989 2.%4 3.17
The map center iz at A .d8eaa
The map orientation vectors are:
U = 1.888088 a.8a8enA A.aaeaA
U = 8. 8nanA 1.88888 (51510 6]5]
Plot axes to crystal transformation matrix:
A.163551 B.AABAAA a.847298
A.rBAAA A.278785 A . aBReA
A.arBRAA A.arBRAA B.986668

8. 88008 8 .888048

Height of section above center is A.A8A A
The map size — center to edge is L.88 A
The map grid interval iz B.308 A
Enter FORPLOT command <<{?>.A.C.D.E.G.
Enter values for contours 1 to 13 >—
Enter values for contours 7 to 13 >
Contours will be drawn at:
-1.80 -A.80 -A.6A —A.40 -A_.2@ A.A8 A.2A
.68 BA.8A 1.88 1.28 1.48
Enter FORPLOT command <<{?>.A.C.D.E.G,F, H. I L .M.N.O,
Enter FORPLOT command <<{?>,A.C.D.E.G,F,H. I ,L.M.N.O,
t=A.2 <
1]

E] Fl

Enter thickness for atom labheling {defaul
Enter FORPLOT command <<{?>.A.C.D.E.G,F.H.I,L.M,

ER ]

-

=

Figure 49: Change the grid step to 0.1A and switch on a

atom labels.

To select a map at a particular level enter ‘H <value>" where <value> is the z
component in A. To plot the map, enter ‘P’. These commands can all be specified in
one line. For the sake of brevity here are some suggestions for drawing Fourier maps:

‘H 0.4 P’ shows the positions of C(1) at (-0.05, 0.046, 0.035) and O(2) at (-0.226,
0 236 0. 026) — very close to the refined value (Fig. 50).

00 K from SHD FOB
Oxalic Acid Dihvdrate at 300 K fromFeb 03 15:26:00 2005

Jwallc Amd Di yclra’[e af

JCenter af reference

0.0C0 Q.00C Q000

| Hsight above center

0400 A
Map size 10,000 A
Orientatian matrix

u i Ly
G 1636 D.0000 00473
00000 Q2783 0.0000
Q0000 00000 0.0867

| Comtours are drawn at

—0.ED

—H> 000 0.40

[elis) 080
1.40
Timas 1.

Mouse (keybuurd) commands
C — Set new map center

Lef\ | — Give density
gtht(W) — Give crystal coords.
h{¥) — Exit curzor mode

Figure 50: Location of C(1) and O(2) in the Fourier map. Click simultaneously with

the left and right mouse button to gain back control over the DOS input window.



‘H 1.7 P’ shows the location of O(1). The selected atom is at (0.077, -0.054, 0.147)
(Fig 51)

LB

- O X

Center of reference
0.0co Q.00C 0000
Height abowve cenler
1700 A
Map size 10,000 A
Origntation matrix
u W Xy
Q636 0.0000 00473
C.0000 9.2783 0.0000
00000 00000 0.0867
Cantours are drawn at
080 -0.80 —0.4C
0 ag
o 40 080 a.E0
1.00 1.40
Times 1.

_-.-_‘\\\ ‘_'. ;
;:r 7-0:050 0147

+0520-0.740 0147

Mouse (keybnurd) commands
C Set new map center

— Ghwe density
gtht(W) — Give crystal coords,
W(H) — Ewit cursor mode

>

OXOHC Acd Dk
Oxalic Acid Dih K fromFeb 05 15:26:00 2005

Figure 51: Location of O(1).

‘H 2.6 P’ shows the location of H(1) at (0.025, 0.02, 0.225). Note, that this
corresponds to a negative hole in the Fourier map.

o9 =1

- 8 x

(_5'4 File Edit View Mode Window Options Help

Center aof reference
0.0CD S.00C 0.000
Height above cenler
2600 A
. AR L . . Map size 10,000 A
A B o R R . w0 | orientation matrix
Co R R R u W Ry
‘ L S S N 01636 0.0000 0.0473
@ L S S @ el ‘| c.oooo o278 0.00a0
I T Y 0.0000 D.0000 0.0867
Contours are drawn at
-0.80 -0.60 —-0.40
0o
040 0.80
Times 1

0025 0.020 0225

Wouse (keyboard)] cormmands
C — Set new map center

Leﬂ — Give density
gtht(W) — Give crystal coords,
h{%) - Exit cursor mode

A

T K from S D 7 OB
0 K fromFeb 03 15:26:00 2005

Figure 52: Location of H(2). The residual positive density comes from a nearby O(3).

Oxohc Amd D dro’[e at 50
Oxalic Acid Dih droie at 30




‘H 3.6 P’ shows the location of O(3) at (-0.059, 0.118, 0.312) (Fig. 53).

Eﬁile Edit Wew Mode Window Options Help

EHEE

9 0118 0.312

Oxalic Acid Dihvdrale at 300

Twale Acid Dihydrate of 300 K From X0
K fromFeb O3 15:26:00

FOB
2005

Center af reference
0.0C0 Q000 0000
‘172k3|gh'. above cenler
3600 A
Map size 10,000 A
Orientatian matrix
u W [NE47
Q636 D.0000 0.0473
C.0000 92783 0.0000
0.000C 0.0000 0.0867
Contours are drawn at

=060 —040
0.00 0.40
o ED 0.ac 100
3 140
Timas 1.

3

Mouse (keyboard) commands
— Set new map center

Left(H) — Give density
Ru’gtht(wj — Give crystol coords,
Both(%) — Exit cursor rmode

Figure 53: Location of O(3).

‘H 4.0 P’ shows H(3) at (-0.146, -0.046, 0.347) close to the strong positive peak
corresponding to O(3). Also visible is O(1) (Fig. 54).

Graphics Window #1 - [forplot]

e Edit Wew Mode MWindow Options Help

Owahe Aod Dhydrate af 300
Oxabic Acid Dihvdrate ot 200

K from S¥0  — — FO8S
K fromFeb 03 15:26:00 2005

Center af reference
0.0c0 2.00C 0000
Height abowve cenler
4.000 A
Map size 10,000 A
Orientatian matrix
u i Ly
G 1636 D.0000 00473
00000 Q2783 0.0000
00000 00000 0.0867
Contours are drawn ot
-0.80 -0.60 —0.40

00
c40 080 280
1.00 1.40
Times 1.

hiouza (keybuurd] commands
C — Set new map center

Lefl(H) — Give density
Rugtht(wj — Give crystal coords,
Both(¥) — Ewit cursar mode

Figure 54: Location of a negative pocket corresponding to H close to O(3).



‘H 4.4 P’ finally locates H(2) at (0.081, 0.173, 0.381). Again, there is some positive
density corresponding to O(1) (Fig. 55).

aphics Window #1 - [forplot] =]
N, File Edit Yiew Mode Window Options Help -8 %

‘| Center af reference

0.0c0 2.00C 0000

"] Height above center
4400 A

- Map size 10,000 A

< | Origntation matrix

; u W uxy

GB36 D.0000 00473

00000 Q2783 0.0000

s T e 0.0000 0.0000 0.0867
a ! R Contours are drawn ot
: -0.80 -0.60 —0.40
AT : COEEER o 008
T, 0081 01730381 R R 040 060 080
B R PR B B . T 1,00 1,40
Timas 1.

hiouza (keybuurd] commands
E — Set new map center
: Lefl(H) — Give density
Rugtht(wj — Give crystal coords,
| Both(¥) — Ewit cursor mode

Owalic Acid Dhydrate of 300 K from SX0 TO0S
Oxabic Acid Dihdrate ot 200 K fromFeb 03 15:26:00 2005

Figure 55: Location of the third hydrogen at a negative pocket.

alifi a0
Adding atoms to phase #1
8 ’EEE;” Narne y y z Ot Uisa l';'lsa‘;
1|H  |H |0.025 |0.02 |0.225 |10 |0.025 3
2 H |H2 |0.081 0,173 |0.381 |10 |0.025 3
3H |H3 |-0.146 0046 [034d |10 |0.025 3

Helpl More atorm boxes

Add Atoms | cancel | import atoms from: | Powdercell .CEL file —i |

Figure 56: Add the three missing hydrogen atoms. Click on *‘Add Atoms’ to finish.



This concludes our search for the missing hydrogen. The coordinates found can now
be entered into EXPGUI. Close the plot window and ‘forplot” (note there is no ‘X’
option to exit, just click with the left mouse into the closing symbol of the window).
Enter the coordinates for the three missing hydrogens by selecting the ‘Add New
Atoms’ button in the ‘Phase’ section of EXPGUI. For convenience, we use the

coordinates as derived from the Fourier maps (Fig. 56).

A new refinement using GENLES leads now to a dramatic reduction in Rw(Fo**2) to
0.276 (Fig. 57). Refine now the atomic positions of hydrogen including the isotropic

thermal parameters (Fig. 59). The result is shown in Fig. 60.

o C:AWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\genles.exe OXALIC !EE
Histogram 41 Type ENT Nohs= 15 R{Fx2) = B_2119 CHI==2= 1_9772E+82 -]
Histogram 42 Type ENT Nohs= 14 R{Fx2> = B_1562 CHI==2= 1 _4758E+82
Histogram 43 Type ENT Nohs= 22 R{F»x2) = B_3495 CHI==2= 3_2166E+82
Histogram 44 Type ENT Nohs= 11 R{Fx2> = B_1833 CHI==2= 1_05%47E+82
Histogram 45 Type SHNT Nohs = 17 R{Fx2) = B_2573 CHI==2= 2_3108E+@A2
Histogram 46 Type SNT Nohs = 28 R{(F»x2) = B_2659 CHI==2= 4_3327E+@A2
Histogram 47 Type SNT Nohs = 38 R{Fx2)> = B_2485 CHI==2= 4_7017E+@A2
Histogram 48 Type SNT Nohs = 24 R{F»x2> = B_3871 CHI==2= 6_5695E+@A2
Histogram 49 Type SNT Nohs = 20 R{F»x2) = B_2498 CHI==2= 2_937AE+@A2
Histogram 58 Type SNT Nohs = 31 R{Fx2) = B_2176 CHI==2= 2 _5831E+@A2
Histogram 51 Type SHNT Nohs = 16 R{Fx2) = B_2968 CHI==2= 2_8254E+@A2
Histogram 52 Type SNT Nohs = 28 R{Fx2)> = B_2167 CHI==2= 2_2134E+@A2
Histogram 53 Type SNT Nohs = 14 R(Fx2) = B_.1623 CHI==2= §_9172E+@A1
Histogram 54 Type SNT Nohs = 12 R(Fx2) = B_2568 CHI==2= 1_3800E+A2
Histogram 55 Type SHNT Nohs = 18 R(Fx2) = B_195% CHI==2= 2 _5913E+@A2

Single crystal Ruw(Fo*=Z> = @A_.276 for 1088 ohservations _J
CPU times for matrix build B_.38 sec: matrix inversion B.82 sec

Final variabhle sum{{zhift-sesd>»=**2) for cycle 4i: B.88 Time: A.37 sec
Convergence was achieved and

STOF GEHLES terminated successfully statement executed

C:x0xalic Acidrpause

Prezs any key to continue . . . i

Figure 57: Refinement after including hydrogen.

A ¢: J0xalic Acid/OXALIC.EXP (modified)

File Options Powder Xtal Graphs Results Calc Import’/Export Help
Exphnam ‘ Expedt ‘ genles ‘ powgaret ‘ powplot ‘ Istview ‘ lveplot ‘
LS controls  Phase | Histogram | Scaling | Profile | Gonstraints | MD Pref Orient | SH Pref Orient
Phase:l 1 Replacel titIe:|O:{aIic Acid Dihydrate at 300 K from SxD
Adld a 6114300 | b 3587000 | ¢ [12.010900 | gq:| Refine cell r
Phase o 90.0000 | B [106.1270 | y |90.0000 | el cell damping 0 — |
* name type ref fdamp fractional coordinates Mult Occupancy Uiso
1cC1 C X0 uo o -0.04395%6 0.03420% 0.050449 4 1.0000 0. 01485 J
2 01 o X0 Uo o 0.05434% -0.060033 0.148265 4 1.0000 0.02615
3 02 o X0 U0 o0 -0.219646 0.235093 0.036145 4 1.0000 0.02418
4 03 1} X0 U0 o0 -0.0470%5 0.108166 0.318654 4 1. 0000 0.02806
5 H1 H X0 Uo o 0.025000 0.020000 O0.225000 4 1.0000 0. 02500
6 H2 H X0 Uo o 0.081000 0.173000 O.331000 1 1.0000 0. 02500
T H3 H X0 Uo o -0.146000 -0.046000 0.347000 4 1.0000 0. 02500

Set refinement options: atoms 5-T Add Mewr Atumsl

RefinementFlags: WX WU [T F Damping: X 0 —l|U 0 —l|F 0 —l| Xfarm Atams |

i | | |

Figure 58: Select the three hydrogens and set the flags “X’ and ‘U’ by checking the

appropriate boxes near ‘Refinement Flags’.



o C:AWINDOWS\system32\cmd.exe - C:/gsas/expguif/gsastcl.bat C:\gsas\exe\genles.exe OXALIC !EE
Histogram 41 Type ENT Nohs= 15 R{Fx2) = B_1735 CHI=»2= 1_3518E+@82 -]
Histogram 42 Type ENT Nohs= 14 R{Fx2> = B_1621 CHI==2= 92 _9961E+81
Histogram 43 Type ENT Nohs= 22 R{F»x2) = B_2981 CHI==2= 1_9758E+82
Histogram 44 Type ENT Nohs= 11 R{Fx2> = B_1847 CHI=»2= 3 _4983E+#1
Histogram 45 Type SHNT Nohs = 17 R{Fx2) = B_2382 CHI==2= 1_8012E+A2
Histogram 46 Type SNT Nohs = 28 R{Fx2) = B_2234 CHI==2= 2_3647E+8A2
Histogram 47 Type SNT Nohs = 38 R{Fx2) = B_1952 CHI==2= 3_4780E+A2
Histogram 48 Type SNT Nohs = 24 R{(F»x2) = B_2346 CHI==2= 4_4908E+@A2
Histogram 49 Type SNT Nohs = 20 R{F»x2> = B_1937 CHI==2= 1_9168E+@A2
Histogram 58 Type SNT Nohs = 31 R{Fx2) = B_2257 CHI==2= 2 _HA258E+@A2
Histogram 51 Type SHNT Nohs = 16 R{Fx2) = B_1579 CHI==2= 7 _594E+#A1
Histogram 52 Type SNT Nohs = 28 R{F»x2) = B_1815 CHI==2= 92 _9322E+#A1
Histogram 53 Type SNT Nohs = 14 R(Fx2) = B_1185 CHI==2= 5_1957E+@A1
Histogram 54 Type SNT Nohs = 12 R(Fx2) = B_1238 CHI==2= 3_2483E+#A1
Histogram 55 Type SHNT Nohs = 18 R(Fx2) = B_.1318 CHI==2= 92 _T7234E+@A1

Single crystal Ruw(Fo*=Z> = @A_207 for 10888 ohservations _J
CPU times for matrix build B_.38 sec: matrix inversion B.82 sec

Final variabhle sum{{zhift-sesd>»=**2> for cycle 47: B.88 Time: A.37 sec
Convergence was achieved and

STOF GEHLES terminated successfully statement executed

C:x0xalic Acidrpause

Prezs any key to continue . . . _ i

Figure 59: Refinement including hydrogen position and isotropic thermal parameter.

As a final step, we would like to change the isotropic thermal parameters to being
anisotropic in order to get proper thermal ellipsoids. To do so, start again ‘EXPEDT’
and select “Y” for using the current .EXP file. Enter the least-squares submenu by
entering ‘L’ (Fig. 60).

oo CAWINDOWSAsystem3 2\emd.exe - C:fgsasfexppuifgsastcl.bat C:\psas\exe\expedt.exe OXALIC [y [m] b

Copyright. 2888, The Regents of the University of California.

I+ |

The last history record is
HSTRY 27 GENLES Win32 Feh B3 16:11:45 2885 Sdsg= B.764E+84 S-E= B.858E-83

Is this the file you wish to use? {?>.D.K.Q.R.¥> >¥
Experiment title:
Oxalic Acid Dlhydrate at 388 K from SHD
The last history record is
HSTRY 27 GEMLES Win32 Feh B3 16:11:45 2885 Sdsg= @.764E+84 S-E= B_858E-83

ERPEDT data setup option <<£{?>.D.F.K.L.P.R.5.H> >
ERPEDT data setup options:

%> — Type this help listing

— Distancerangle calculation set up

Fourier calculation set up

Delete all but the last n hlstnry records
Least squares refinement set up

Powder data preparation

Review data in the experiment file

Single crystal data preparation

Exit from ERPEDT

EXPEDT data setup option <<{?>_D.F.K.L.P.R.5.¥> >L il

Figure 60: Enter the Least squares refinement set up.

Ech-Ra-1 -]

In order to see what the options are, press <CR>. Select ‘A’ for ‘Edit atom
parameters’ (Fig. 61).

Again, we get quite a selection of actions to choose from (Fig. 62). Typing ‘L’ gives a
list of the atoms and their current parameters (Fig. 63). It looks very similar to the
‘Phase’ information in EXPGUI. The command we are interested in is ‘U’ to convert
atom thermal factors. Type ‘U 1:7’ followed by <CR>. This will convert the thermal
parameters for all atoms in the unit cell. EXPEDT asks whether the new thermal
parameters should be isotropic (‘I’) or anisotropic (‘A’). We would like the latter, so
enter ‘A’. The conversion is now being performed. Exit now EXPEDT using ‘X’
followed by <CR> as many times as is necessary until you arrive back at EXPGUI.



ot C:\WINDOWS\system32\cmd.exe - C:/gsasfexpguifgsastcl.bat C:\gsas\exe\expedti.exe OXALIC !EE

€?» — Type this help listing -
— Distancerangle calculation set up

— Fourier calculation set up
— Delete all but the last n history records
— Least sguares refinement set up _J
— Powder data preparation
— Review data in the experiment file
— 8%ingle crystal data preparation
— Exit from EXPEDT
EXPEDT data setup option ({?>_D.F.K,L.P_.R.S5.¥> *L
Select editing option for Least Squares calculation

{?>.A.B.F_ L.O.R.8. T ¥>» >
The availahle options are:
— Type this help listing
Edit atom parameters
Edit rigid body constraints
Edit atom form factor paraneters
Edit least sguares controls
Edit overall parameters
Review some of the EXFP file data
Edit soft constraint data
Change the experiment title
Exit to main EXPEDT menu
Select editing option for Least Squares calculation

£{?>.A.B.F.L.O.R.8.T_.¥> >A Jlhd

X xEme

)
=D oS D -

W
I T A I IO I |

Figure 61: Select ‘A’ to access the atom parameters.
oo CAWINDOWSAsystem32\emd.exe - C:fgsasfexpguifgsastcl.bat C:\psas\exe\expedt.exe OXALIC

Atom editing commands: ﬂ
<> — Type this help package
x <72 To give details on command x

Enter DCL command

Modify num. atom parameters

Change atom parameters

Modify atom damping factors _J

t,—,.%*, or /
t/s/sl:s2 codes
t/s/sl:s82 codes

t/ss/slis2 Erase atoms
Fix specific atom parameters
s Insert one atom or read atoms from a file
Set atom parameter constraints
trsrslas2 List atoms, if none specified all atoms will be listed

Edit magnetic moment data

Modify the space group and unit cell data

Iransform atom parameters by matrix "M" and vector "U"
Convert atom thermal factors

Modify refinement flags

— Exit from editing atoms

Where "t" is an atom type. "s" iz an atom sequence number, "si:52" refers
to a range of atom seguence numbers, and "codes' are specific to the
command; see the individwual help listings for specific instructions

tr/ssslis2 H U
t/s/sl:s2 codes
t/s/sl:s52 codes

L el da -] ea =Y o]

Phase Mo. 1; Phase has 7 atoms; Title: Oxalic Acid Dihydrate at 388 K from
Give atom editing command
{235 . C.DE.F. I, K.L.M.S. T U U X+ — =2 >L_ il

Figure 62: List of options in the ‘Edit atom parameters’ section.

C:\WINDOWS\system32\cmd.exe - C:fpsasfexpguifgsastcl.bat C:\psas\exe\expedt.exe OXALIC

g

Modify the space group and unit cell data ]
T t/sssl:s2 H U

Transform atom parameters by matrix "M" and vector "U"

U tss/s1:52 codes Convert atom thermal factors

U tr/s/s1:52 codes Modify refinement flags

X — Exit from editing atoms

WUhere "t" is an atom type. "s" is an atom sequence number, "s1:52" refers

to a range of atom sequence numbers,. and "codes" are specific to the

command; see the individual help listings for specific instructions _J
Phase Mo. 1:; Phase has 7 atoms; Title: Oxalic Acid Dihydrate at 388 K from

Give atom editing command
({?2,. 5. C.DE.F. I, K, L. M, 8. T.U U ¥, +.—,. %> >L

SER TYPE " ¥ Z FRAC NAME uIso CODE STSYM MULT FXU
1C -A.A455A A.@A%454 A.@5A027 1.00880 C1 A.A2196 1 XU 1 4 AAA
20 A.A8344-A_.9A5894 A.1489@ 1.06080Q O1 A.A3593 1 XU 1 4 AAA
30 -A.219%61 A.23A23 A.A3643 1.060880 02 A.A3358 1 XU 1 4 AAA
4 0 -A.A4839 A.11A74 A.32046 1.008AA 03 A.A3467 1 XU 1 4 AAA
5H A.A2746 A.A1126 A.21852 1.0AAAA H1 A.A4488 1 XU 1 4 AAA
6 H A.A7036 A.170QA2 A_38238 1.80AAA H2 A.@A5157 1 XU 1 4 AAA
7H -A.13891-0.84877 8.34798 1.00008 H3 A.@5275 1 XU 1 4 AAA

Phase Mo. 1; Phase has 7 atoms; Title: Oxalic Acid Dihydrate at 388 K from

Give atom editing command
23,5 . C.D,E.F. I, K.L.H.S. T.U. U ¥+ —_ % /> > 1:7
Enter thermal factor change desired <A.I> >A il

Figure 63: List of current atom parameters. Enter ‘U 1:7" to convert thermal
parameters for atoms 1 — 7. ‘A’ makes them anisotropic.




GSAS knows from the space group and site symmetry which components of the
thermal tensor need to be refined. Run now GENLES until it converges. This results
now in relatively low Rw(Fo**2) of 0.135. This value is entirely acceptable for time-
of-flight single-crystal neutron diffraction data.

Histogram 41 Type ENT Nohs = 15 R(F»x2) = B.1843 CHI==2= 5§ _L5781E+#A1 ]
Histogram 42 Type ENT Nohs = 14 R(F=x2) = B.1186 CHI==2= 4 L5A71E+#1
Histogram 43 Type ESNT Nohs = 22 R(F=x2) = B.1887 CHI==2= 3 _4359E+#1
Histogram 44 Type ENT Nohs = 11 R(F=x2) = B.B685 CHI==2= 1_0376E+#1
Histogram 45 Type ESNT Nohs = 17 R(F»x2) = B.1366 CHI==2= §_@AL51E+#1
Histogram 46 Type ESNT Nohs = 28 R(Fx2) = B.8891 CHI=»x2= 4 7782E+81
Histogram 47 Type ESNT Nohs = 3B R(Fx2) = B.1551 CHI=»2= 2 _6175E+BA2 _J
Histogram 48 Type ESNT Nohs = 24 R(Fx2) = B.1876 CHI=»2= 2 _7637E+B2
Histogram 42 Type ESNT Nohs = 28 R(F»x2) = B.1866 CHI=»2= 5 4256E+#1
Histogram 58 Type ESNT Nohs = 31 Re(Fax2) = B.1158 CHI=»2= 5§ _LLZBE+A1
Histogram 51 Type ESNT Nohs = 16 R(Fx2) = B.8738 CHI=»2= 1_5837E+81
Histogram 52 Type ESNT Nohs= 28 R(Fxx2) = B_B552 CHI=»2= 1 _9123E+#1
Histogram 53 Type ENT Nohs= 14 R(Fx2) = B_8383 CHI=»2= 4_1274E+80Q
Histogram 54 Type ESNT Nohs= 12 R(Fx2) = B_8518 CHI=»2= 1_2327E+#1
Histogram 55 Type SNT Mohs = 18 R{Fx2) = B_B575 CHI=»2= 2 _4837E+81

Single crystal Rw(Fo»=2)» = @.135% for 1838 observations

CPU times for matrix build B.41 sec; matrix inversion B8.82 sec

Final variable sum{{zhift-sesdr=x2> for cycle 51: B.88 Time: B_42 sec
Convergence was achieved and

STOF GEMLES terminated successfully statement executed

C:~0xalic Acid>pause

Prezs any key to continue . . . il

Figure 64: Final converged refinement with all thermal parameters being anisotropic.

To see a summary of the refinement, select ‘LSTVIEW’ from EXPGUI and scroll
down until you see the list of R factors (Fig. 65).

File Edit Go To Options Font: Courier —'I Help

Histogram 52 Type SHT Hobs= 20 R(F**2) = 0[0.0552 CHI**2= 1.9123E+01 1=

Histogram 53 Type SHNT Nobs= 14 R(F**2) = 0.03683 CHI**Z2= 4.1274E+00

Histogram 54 Type SHNT HNobz= 12 R(F**2) = 0.0810 cCHI**2= 1.2327E+01

Histogram 55 Typs SHT HNobs= 18 R(F**2) = 0.0575 CHI**2Z= Z2.4037E+01

Single crystal REw(Fo**2) = 0,135 for 1088 observations

R-factors: weighted and unweighted, based on Fo and on Fo**2, for wvariocus subsets of the single cr
211 data I>0.0 I>3*=zigl

NREFL= 1088 1088 1042

Rw (E**2) 0.135 0.135 0.135

RIE**2) 0.117 0.117 0.117

Rw(E) = ———— 0.072 0.072

R(F) = ———— 0.065 0.064

The walue of the determinant is 0.1451*10.0%*( -12)

Atom parameters for phase no. 1

frac b4 i = 100*Uiseo 100*U11 100+*UZZ 100*U33 100*

(] { 1y values : 1.000 -0.045046 0.0551%% 0.05091% 1.260 2.458 1.578 0.
Sigmazs 0.000301 0.000533 0.000257 0.100 0.088 0.218 0.
Shft/e=sd: 0.00 -0.01 0.00 0.01 0.00 0.00 0«

| | »

Cycle 51|Chi*'2 3.357 |Shift/SU 0.00

Figure 65: List of R factors. R(F) is 6.4%.

So far, we have only completed a refinement. It is now time to see the resulting
crystal structure in its full glory. For this purpose start the program ATOMS61 located
on the desktop (Fig. 66).

iz

Figure 66: ‘“ATOMS’ icon.



Conveniently, ATOMS allows to import GSAS files. Click on the ‘Import button’
(Fig. 67).

%2 ATOMS Startup Window M=E3
File Settings Help

Mo data present - gelect option below

Enter a new data set
Open an old data file

Import a structure file GSAS -

Exit ATOMS

Figure 67: Start-up screen of ATOMS. Select “Import’.
This will pop up another window (Fig. 68). Accept all the defaults and click into
‘OK”.

Import File [‘5_<|

Import GSAS fle Help | Cancel |[ oK |

[ Generate bonds
[ Read default display parameters File extenzion: |.exp

v Read temperature Factors

Atomic radi Atom type numbers from
f* |onic Factor |06 i* Atom label
" Covalent " Type number [zcat. factor)

Boundary option
S

" Locate Molecules in Crystal

Figure 68: GSAS import dialogue. Click ‘OK’.

A file selection dialogue appears as shown in Figure 69. Navigate to the C:\Oxalic
acid folder and select the file ‘Oxalic.EXP’.



Import G5AS File
Loak n: | (£ Oxalic Acid ~| & & ek E-

e

My Recent
Documents

Dezktop

L=/

4 Y
ty Diocuments

9

ky Computer

File name: |DHALIC EXP B gpen |
My Network  Files of bupe: |GSAS files [* exp] -] Cancel
Places

[ Open az read-only

Figure 69: File selection dialog.

The next dialog asks for a file name of the structure to be saved (Figure 70). Accept
the default.

Save an ATOMS data file
Save i |[§} Dwalic Acid j EF *

D

ty Recent
Documents
;-[-':
Deskiop

4 Y
ty Dacuments

M

by Computer

My Network  File name: [OXALIC st | save |

Places
Save as lype: | Files [*.str] j Caricel

Figure 70: Dialog to specify the structure file name for saving the structure.




Click into “Yes’ to finally see an image of the crystal structure (Fig. 71, 72).
ATOMS - New File Imported x

Figure 71: Click into “Yes’.
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Figure 72: Initial appearance of the structure.

The initial appearance does not look very appealing. We will change this. Do the
following:

1.

4.

5.

Under the ‘Display’ menu select ‘Display 3D’  — the thermal ellipsoids
should now be visible and the structure should appear more 3 dimensional.

Under “Input 1” select ‘Boundary’ and choose from 0 to 1 inclusive.
Under “Input 2” select “Unit cell” and select “‘Show unit cell’.
If desired add the crystal axes under ‘Input 2° — ‘Movable axes’.

Press the ‘Calculate’ button on the left side of the main ATOMS GUI.

After all these modifications the crystal structure should now appear as in Figure 73.
If desired, the crystal structure can be rotated. This should be fairly intuitive. Atoms



can be identified by adding labels or simply clicking with the left mouse button on
them.

23 ATOMS [OXALIC.str]
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Figure 73: Final appearance of the crystal structure of Oxalic Acid Dihydrate.

This concludes the GSAS and EXPGUI tutorial and it is suggested that the user have
some rest now.



