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Find Structure

Input files (found in the /work
folder):

Name.hkl, Name.p4p (not
mandatory) and Name.ins

Available methods:
1) Intrinsic phasing (XT) – does

not require na accurate chemical
formula. Heavy atoms are added
if missing. Combination

2) Direct methods (TREF – XS) –
the chemical formula should be
correct.

3) Dual space (XM) – requires
special settings in the .ins file.

4) Patterson (PATT – XS) –
identifies heavy atoms in the
asymmetric unit.
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Find Structure

Intrinsic phasing
solutions are called
Name_a(/b/c/…).res.

An individual  
Name_a(/b/c/…).hkl
is created for each .res.

Refinement can be easily
started on all solutions.
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Find Structure

AUTOSTRUCTURE uses Intrinsic
Phasing method for structure solution
and performs automatic refinement.

Output area displays the results,
including the space group, formula,
Z, R1 and wR2. ALWAYS check the obtained results!!
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Possible input files:

1) name.hkl, 2) name.ins and 3) name.res.

1) and 2) generated during data processing in
APEX4. 3) is generated after structure solution.

To start a new structure solution and refinement:
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NOTE: The order of the above seven lines must not be changed,
and you can’t insert any other command lines in here.

TITL Polymorph1_OrtoR_Pbca in Pbca
CELL 0.71073   9.4493  18.1864  21.2044  90.000  90.000  90.000
ZERR   16.00   0.0014   0.0027   0.0031   0.000   0.000   0.000
LATT  1
SYMM 0.5-X, -Y, 0.5+Z
SYMM -X, 0.5+Y, 0.5-Z
SYMM 0.5+X, 0.5-Y, -Z
SFAC C H N
UNIT 176 160 32
TEMP 0
SIZE 0.20 0.30 0.60
TREF
HKLF 4
END

hkl file 

h     k     l          Ihkl hkl

INS file 

Unit cell parameters
Z, standard deviations

Lattice type (P = 1, I = 2, etc.). Negative for non-centrosymmetric
space groups

symmetry operations for that space group

Structure Factors (element symbols) – the first two are C and H, if presente
number of atoms of each type in the unit cell
Temperature

Command for Direct methods using XS – omitted once the structure is solved

SHELXL manual: shelxl_user_guide.pdf (uni-goettingen.de)

https://shelx.uni-goettingen.de/shelxl_user_guide.pdf
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Check E-statistics: Model → PRELIM → E-statistics
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Space Group: Data → HKL TOOL → SpaceGroup
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Structure Solution: Solve → SHELXT → GUI control

Choose Laue group from
drop down menu

After space group determination and structure solution, a name.res file is created
and the GUI SXGRAPH window opens.
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Structure Solution: Solve → SIR Programs → SIR-2019 → GUI control

automatic ab initio and non ab initio crystal structure solution
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Structure refinement: iterative process

Exiting SIR2019, SXGRAPH        window opens:     

Corresponds to name.res file which
resulted from structure solution

RES file 

Number of least square refinement cycles to run
Writes a cif file. 
Writes bond distances and angles (including for H atoms) to the cif file. 

Weighting scheme (default 0.2)
How to write Q peaks. Default is 2.
Number of Fourier peaks (Q peaks). Default is 20.  
Free Variables. 

Columns:

1) Atom name,
2) refers to the SFAC line,
3-5) Fractional coordinates (x, y, z),
6) occupancy of the atom.
7) Displacement Parameter U
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• A parameter is any value that is refined. For example, it can be:
• A fractional atom position (x-coordinate of an atom)
• A thermal parameter of an atom (how much does the atom move)
• An occupancy factor (how much of an atom is in that position)
• etc

• Three parameters are needed to define an atom position (x, y, z)

• Six parameters are needed to define thermal libration (defined as a symmetric three by three matrix or
tensor)

• Usually, about 10-20 more data (independent diffraction spots) are needed as one would like to refine
parameters
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Two major tasks are involved: 1) building of a plausible chemical model by interpretation of electron density and, 2) the
mathematical refinement of structural parameters (given by the model) to optimize the fit of the model to experimental data.

The single steps are normally carried out in the following order:

Step 1: Correction of element assignment and labelling of all atoms except for hydrogen atoms – results from structure
solution.

Step 2: Refining anisotropic displacement of non-hydrogen atoms.

Step 3: Identification, placement and refinement of the hydrogen atoms.

Step 4: Adjusting the weighting scheme.

Step 5: Final adjustments and looking at special structural features like crystal packing and hydrogen bonds (if present).

After each single step of model editing (no matter if done graphically or in the text editor) you will use the refinement
program SHELXL (iterative process). Therefore, at certain stages of the refinement you will have to:

✓ Edit the instructions file (INS) for SHELXL and
✓ Analyze the SHELXL results (RES).
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Step 1: 
• Check element assignment
• Rename atoms accordingly – select atoms in increasing label order (yellow), right-mouse click (a new window opens), 

introduce new names (if atoms are all of the same type, only the first name is required).
• Rename the remaining atoms.
• Save INS + Refine with SHELXL
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• Open SXGRAPH. After the refinement cycle the atom
positions and thermal parameters of already defined
atoms will be optimized and positions of still missing
atoms will be suggested (new Q peaks – red dots). Decide
which might be actual atoms. If some correspond to
missing atoms, rename them (as previous renaming
atoms).

• Save INS + Refine with SHELXL
• Check values for R1, wR2, GooF/S, Max. Shift,

Maximum, Highest and deepest peaks (values
should decrease)
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Step 2: 
• Select all non-H atoms (yellow)
• Right-mouse click (a new window opens), Set Uij’s anisotropic, OK.
• Save INS + Refine with SHELXL
• Inspect the refinement parameters
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RES and/or INS files (after anisotropic refinement)

REM name sfac# x y z sof(+10 to fix it) U11 U22 U33 U23 U13 U12 follow

Required for input to shelXle for electron density map analysis
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Step 3: 
• Depending on the quality of crystal data, it is possible to: 1) locate H-atoms or 2) add H-atoms in calculated positions
• Exceptions: N-H atoms and hydride-atoms are ALWAYS located in the electron density map. 
• It is preferable to use option 2) 
• Select all C atoms that correspond to the same type of H-atom (yellow)
• Model → Add Hydrogen → select type of H to add.
• New window opens, click OK if no changes are required
• Save INS + Refine with SHELXL and Inspect the refinement parameters

1)
2)
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Step 3:
• Repeat the process for the remaining types of

H-atoms
• The Uiso values are usually tied to the atom the

H atom is bonded to, being set to 1.2 (for O) or
1.5 (all others) times Ueq of the carrier atom.

Hydrogen Atoms: Common HFIX commands

C(sp3)H HFIX 13 (saturated tertiary alkanes)
C(sp2)H HFIX 43 (alkenes, benzenes, etc)
N(sp2)H HFIX 43 (amides, planar secondary amines, usually 

conjugated to unsaturated atoms)
C(sp2)H2 HFIX 93 (terminal alkenes)
N(sp2)H2 HFIX 93 (planar primary amines, usually conjugated to 

unsaturated atoms)
C(sp3)H2 HFIX 23 (saturated secondary alkanes)
N(sp3)H2

+ HFIX 23 (protonated secondary amines)
C(sp3)H3 HFIX 33 (methyl group, not rotating)
C(sp3)H3 HFIX 137 (methyl group, rotating)
N(sp3)H3

+ HFIX 33 (protonated primary amine, not rotating)
N(sp3)H3

+ HFIX 137 (protonated primary amine, rotating)
O(sp3)H HFIX 83 (alcohol, not rotating)
O(sp3)H HFIX 147 (alcohol, rotating)
O(sp3)H HFIX 148 (alcohol, rotating, O-H distance refined)
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Step 4:
• the internal weighting parameters a and b affect (mainly) the wR2 and GooF value. These two parameters are

controlled by the WGHT instruction in the INS file. The recommended values for WGHT are always found in the
latest RES file, directly after the END instruction:

• To update the values on WinGX:
Refinement → Least Squares

• Apply changes, SAVE INS and refine with SHELXL
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Step 5:

❖Final adjustments:
• Add a line ACTA (a refinement cycle will now create a cif file)
• Add BOND $H or change BOND to BOND $H (a refinement cycle will now add X-H bonds and H-X-H angles to the

cif file)
• Add a line CONF (a refinement cycle will now add dihedral angles to the cif file)
• Add a line HTAB (possible hydrogen bonds will be suggested at the end of the next res file)
• OMIT reflections (Refinement → Reflection data → Omit instruction): s should be 0 or -2. A positive value is not

allowed in combination with ACTA. OMIT reflections allows to exclude outliers.

• Update the formula (“CELL CONTENTS menu” → Update UNIT card). Continue refinement procedure.

• Add HTAB and EQIV lines from bottom of res file (check each of the HTAB lines. Some might be meaningless).
Continue refinement procedure.
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• Did you do everything?

• Is the refinement finished? How can you see that?

• Are all non-hydrogen atoms refined anisotropically? How can you check this?

• Does the ORTEP plot look ok? Use Mercury or ShelXle.

• Are all the important entries in the INS file (e.g. TEMP, SIZE, CONF, ACTA, BOND)?

• Has the weighting scheme been adjusted?

• Have the hydrogen bonds been treated correctly, if the structure contains any (HTAB, EQIV)?

• Are the UNIT and Z in ZERR right?

• Are there any warnings or error messages in the .lst file or during refinement?

• Is the wavelength correct?

• Is the structure model chemically reasonable? Do the charges cancel out? Do bond lengths and angles

make sense?


