
3. CIF DATA DEFINITION AND CLASSIFICATION

Example 3.2.4.11. List of nonbonded interatomic contacts.

loop_
_geom_contact_atom_site_label_1
_geom_contact_atom_site_label_2
_geom_contact_distance
_geom_contact_site_symmetry_1
_geom_contact_site_symmetry_2
_geom_contact_publ_flag
O(1) O(2) 2.735(3) . . yes
H(O1) O(2) 1.82 . . no

Example 3.2.4.12. List of hydrogen-bond distances and angles.

loop_
_geom_hbond_atom_site_label_D
_geom_hbond_atom_site_label_H
_geom_hbond_atom_site_label_A
_geom_hbond_distance_DH
_geom_hbond_distance_HA
_geom_hbond_distance_DA
_geom_hbond_angle_DHA
_geom_hbond_publ_flag

N6 HN6 OW 0.888(8) 1.921(12) 2.801(8) 169.6(8) yes
OW HO2 O7 0.917(6) 1.923(12) 2.793(8) 153.5(8) yes
OW HO1 N10 0.894(8) 1.886(11) 2.842(8) 179.7(9) yes

Example 3.2.4.13. List of torsion angles.

loop_
_geom_torsion_atom_site_label_1
_geom_torsion_atom_site_label_2
_geom_torsion_atom_site_label_3
_geom_torsion_atom_site_label_4
_geom_torsion
_geom_torsion_site_symmetry_1
_geom_torsion_site_symmetry_2
_geom_torsion_site_symmetry_3
_geom_torsion_site_symmetry_4
_geom_torsion_publ_flag

C(9) O(2) C(7) C(2) 71.8(2) . . . . yes
C(7) O(2) C(9) C(10) -168.0(3) . . . 2_666 yes
C(10) O(3) C(8) C(6) -167.7(3) . . . . yes
C(8) O(3) C(10) C(9) -69.7(2) . . . 2_666 yes
O(1) C(1) C(2) C(3) -179.5(4) . . . . no
O(1) C(1) C(2) C(7) -0.6(1) . . . . no

atom_site_label_H needs a parent label in the atom-site list). In
practice, hydrogen bonds can be assumed between donor atoms
and acceptors even if the hydrogen atom is not specifically located.

The items in the GEOM_TORSION category describe the torsion
angle in degrees generated for the bonded sequence of four atom
sites identified by the _geom_torsion_atom_site_label_* codes.
As with other geometry-specific site labels, these must match
labels specified as _atom_site_label in the atom list. The torsion
angle definition is that of Klyne & Prelog (1960).

Example 3.2.4.13 includes two sites that have been generated by
crystallographic symmetry operations and lattice translations from
the parent sites in the atom list.

3.2.4.4. Symmetry and space-group information

The categories describing symmetry are as follows:
SYMMETRY group
Original symmetry categories (§3.2.4.4.1)

SYMMETRY

SYMMETRY_EQUIV

Replacement symmetry categories (§3.2.4.4.2)
SPACE_GROUP

SPACE_GROUP_SYMOP

The SPACE_GROUP and older SYMMETRY categories contain
information about the symmetry of the crystal; specifically the

space group and the symmetry-equivalent positions for that
space group. More information about the symmetry is avail-
able in the symCIF dictionary described in Chapter 3.8 and
presented in Chapter 4.7. The categories SPACE_GROUP and
SPACE_GROUP_SYMOP were imported from symCIF in version
2.3 of the core dictionary, and are intended to replace the SYM-

METRY and SYMMETRY_EQUIV categories. In most cases, there
are strict equivalences between data items in the two sets. The
new categories have been adopted for greater compatibility with
future expansions to the symmetry CIF dictionary, and to cor-
rect some potentially misleading practices in the original cate-
gories. Although all the data items in SYMMETRY and SYMME-

TRY_EQUIV_POS are now formally marked as deprecated, it is
likely that the older data items will remain in circulation for some
time.

3.2.4.4.1. Data items in SYMMETRY and related categories

The data items in these categories are as follows:
(a) SYMMETRY
† _symmetry_cell_setting
† _symmetry_Int_Tables_number
† _symmetry_space_group_name_H-M
† _symmetry_space_group_name_Hall

(b) SYMMETRY_EQUIV
†• _symmetry_equiv_pos_site_id
† _symmetry_equiv_pos_as_xyz

The bullet (•) indicates a category key. In practice _symmetry_equiv_pos_

site_id is often absent from older CIFs. The dagger (†) indicates a deprecated
item, which should not be used in the creation of new CIFs.

The data items in the SYMMETRY category (now super-
seded by SPACE_GROUP) were used to record the space
group. The Hermann–Mauguin (H-M) symbol was given by
_symmetry_space_group_name_H-M. The dictionary definition
recommended the use of the ‘full’ H-M symbol as listed
in International Tables for Crystallography Volume A, but
was not explicit about the meaning of ‘full’. The dictionary
examples showed short-form symbols expanded to a com-
plete representation of individual symmetry elements; thus
Pnnn would be given as ’P 2/n 2/n 2/n’, and the monoclinic
space group P21/m would be given as ’P 1 21/m 1’ for the
b-axis unique setting or ’P 1 1 21/m’ for the c-axis unique
setting.

In practice, abbreviated symbols were often used, following
conventions established over many years; thus ’P 21/m’ was often
given as the Hermann–Mauguin symbol when the ‘usual’ b set-
ting of a monoclinic cell had been chosen. It is recommended that
these conventions should continue to be followed when the new
data item _space_group_name_H-M_alt is used instead.

The dictionary examples also suggested concise ways of indi-
cating the origin choice within the _symmetry_space_group_

name_H-M field; since there is no formal description of how
to do this, different authors used different wording. Hence,
_symmetry_space_group_name_H-M was always best considered
as a container for the representation of the space group that would
appear in a published article, and not as a machine-readable source
of information about the crystallographic symmetry.

The two mechanisms for conveying the symmetry transforma-
tions in a fully machine-readable form were the Hall symbol
_symmetry_space_group_name_Hall (Hall, 1981; Hall & Grosse-
Kunstleve, 2001) and a complete listing of the symmetry opera-
tions using data items in the SYMMETRY_EQUIV category.

The data item _symmetry_cell_setting indicates the crystal
system, not (as suggested by its name) the setting used.
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3.2. CLASSIFICATION AND USE OF CORE DATA

Example 3.2.4.14. A list of symmetry-equivalent positions.

loop_
_symmetry_equiv_pos_site_id
_symmetry_equiv_pos_as_xyz

1 x,y,z
2 1/2-x,-y,1/2+z
3 1/2+x,1/2-y,-z
4 -x,1/2+y,1/2-z

The SYMMETRY_EQUIV category, now superseded by
SPACE_GROUP_SYMOP, provided a list of symmetry-equivalent
positions in algebraic notation. Formally, _symmetry_equiv_pos_
site_id acted as a category key, with any arbitrary numeric value
that uniquely identifies each operator. Historically, the earliest ver-
sions of the core dictionary did not have such an identifier at all
and the separate equivalent positions were indexed by their posi-
tion in the _symmetry_equiv_pos_as_xyz list. This interpretation
was vulnerable to inadvertent re-ordering of the list of equivalent
positions, and for this reason, as well as to satisfy the formal need
for a category key, _symmetry_equiv_pos_site_id was added
(Example 3.2.4.14). For compatibility with software that was writ-
ten to handle the earlier arrangement, it is recommended that
_symmetry_equiv_pos_site_id gives sequential integer labels,
starting with 1, to the equivalent positions in the sequence in
which they appear in the CIF.

Note that the _symmetry_equiv_pos_as_xyz list must contain
all symmetry-equivalent positions of the space group, including
those generated by lattice centring and a centre of symmetry, if
present.

3.2.4.4.2. Data items in SPACE GROUP and related categories

Data items in these categories are as follows:
(a) SPACE_GROUP
_space_group_crystal_system
_space_group_id
_space_group_IT_number
_space_group_name_Hall
_space_group_name_H-M_alt

(b) SPACE_GROUP_SYMOP
• _space_group_symop_id
_space_group_symop_operation_xyz
_space_group_symop_sg_id

The bullet (•) indicates a category key.

The data items in the SPACE_GROUP category record the
space group and crystal system. They recognize the common
practice of supplying the space group in Hermann–Mauguin
notation, though the H-M symbol does not contain complete
information about the symmetry and the space-group origin.
_space_group_name_H-M_alt allows the use of any legitimate
H-M symbol as listed in International Tables for Crystallog-
raphy Volume A or derived by similar principles. It does not
give rigorous direction on how the symbols should be presented.
It is recommended that the use of this symbol in CIFs con-
taining articles for publication should follow the guidelines for
_symmetry_space_group_name_H-M (Section 3.2.4.4.1).

Because a given space-group type may be described by more
than one Hermann–Mauguin symbol, the space-group type should
be specified by the use of _space_group_IT_number.

Two mechanisms exist for conveying fully machine-readable
descriptions of the symmetry transformations relevant to the space
group and setting. The first is the Hall symbol (Hall, 1981; Hall &
Grosse-Kunstleve, 2001), which uniquely defines the space group

Example 3.2.4.15. A list of symmetry operators using data items
from the SPACE_GROUP_SYMOP category.

loop_
_space_group_symop_id
_space_group_symop_operation_xyz

1 x,y,z
2 1/2-x,-y,1/2+z
3 1/2+x,1/2-y,-z
4 -x,1/2+y,1/2-z

and its reference to a particular coordinate system; it is speci-
fied in the data item _space_group_name_Hall. Alternatively, the
symmetry operations may be listed in full using data items in the
SYMMETRY_EQUIV category.

The SPACE_GROUP_SYMOP category provides a list of the sym-
metry operators for a space group in algebraic notation. It replaces
the category SYMMETRY_EQUIV_POS. Unlike the older category,
where in practice the category key could be omitted from list-
ings (and must therefore be generated implicitly by parsing soft-
ware), the category key _space_group_symop_id must be given.
See Example 3.2.4.15, which may be compared with Example
3.2.4.14.

3.2.4.5. Bond-valence information

Categories describing bond valences are as follows:
VALENCE group

VALENCE_PARAM

VALENCE_REF

Data items in these categories are as follows:
(a) VALENCE_PARAM

_valence_param_atom_1
_valence_param_atom_1_valence
_valence_param_atom_2
_valence_param_atom_2_valence
_valence_param_B
_valence_param_details
_valence_param_id
_valence_param_ref_id

→ _valence_ref_id
_valence_param_Ro

(b) VALENCE_REF
_valence_ref_id
_valence_ref_reference

The arrow (→) is a reference to a parent data item.

The data items in this category group relate to bond valences,
which are widely used in inorganic crystallography to confirm
and analyse the results of crystal structure determinations. Bond
valences are determined from the bond lengths and have the use-
ful property that their sum around any atom is equal to the atom
valence (formal charge). They are increasingly being published
with bond lengths. The data item _geom_bond_valence in the
GEOM_BOND category allows the bond valence to be associated
with the bond length.

The two categories discussed here list the parameters used to
calculate the bond valences and their literature sources. These
items might also be published, particularly where there is some
uncertainty about the appropriate parameters to use.

The data items in the VALENCE_PARAM category define the
parameters used for calculating bond valences from bond lengths.
In addition to the parameters, a pointer to the reference for the
source of the parameters (in VALENCE_REF) is given (Example
3.2.4.16).
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