
3. CIF DATA DEFINITION AND CLASSIFICATION

Example 3.2.3.3. Description of subsets of the reflection list.

loop_
_reflns_class_number_gt
_reflns_class_code
_reflns_class_description

584 ’Main’ ’m=0; main reflections’
226 ’Sat1’ ’m=1; first-order satellites’
50 ’Sat2’ ’m=2; second-order satellites’

The REFLNS_CLASS category is used to summarize the proper-
ties of subsets of the reflection list. The data names are analogous
to several in the REFLNS and REFINE categories, but are applied to
individual classes of reflections labelled by _reflns_class_code

and described by _reflns_class_description (see Example
3.2.3.3).

Individual reflections in the structure-factor listing can be rec-
ognized through the matching value of _refln_class_code as
belonging to a particular class labelled by _reflns_class_code.

Although classes can be assigned according to arbitrary crite-
ria, the specific case for which the REFLNS_CLASS category was
designed was the partitioning of the reflection list into contribu-
tions from different components in incommensurately modulated
structures. However, the formalism is general and other binning
strategies can be described. Note, however, that the specific case
of processing of reflections by shells of resolution (in macro-
molecular crystallography, for example) is handled explicitly by
the REFLNS_SHELL category.

The category REFLNS_SCALE provides a listing of the scale fac-
tors applied to individual reflections sharing a common value of
_refln_scale_group_code. Each value is indexed by the match-
ing identifier _reflns_scale_group_code of this category.

The REFLNS_SHELL category describes the properties of separate
resolution shells of reflections and is a special case of the binning
of reflections into classes (compare REFLNS_CLASS above).

Each shell is defined by an upper and lower resolution limit
(_reflns_shell_d_res_high and *_low), and for each shell there
are data names for the number of reflections measured and exceed-
ing a threshold of significance, for the percentage of geometrically
possible reflections collected, and for the ratios of the mean inten-
sities to their standard uncertainties.

Rmerge values are also defined for each shell of resolution (both
for all measured reflections and for significantly intense ones).

This category also contains a number of deprecated data names
reflecting older terminology and notation. Such data names should
not be used in creating new CIFs, but will need to be recognized
by CIF-reading software in order to process old CIFs.

3.2.4. Atomicity, chemistry and structure

The core CIF dictionary provides many data names for describing
the structural model.

The categories describing the atom sites handle these in a gen-
eral way as sites of significant electron density which might be
contributed to by more than one element species. The chemical
identification of the compound under study, and where appropri-
ate a model of the molecular connectivity and bonding, are han-
dled separately by the chemistry-related categories. The geometry-
related categories are purely derivative, given knowledge of the
positions of the atom sites and the crystallographic symmetry; but
as with other examples of derived data, they are given their own
data names to provide convenient listings and to check the consis-
tency of information provided by other categories. The symmetry-
related data names in the core dictionary are restricted to those
essential for the construction of a geometric model; Chapter 3.8

describes a symmetry extension dictionary suitable for a more
complete description of crystal symmetry.

3.2.4.1. Atom sites

The categories describing atom sites are as follows:
ATOM group
Individual atom sites (§3.2.4.1.1)

ATOM_SITE

Collections of atom sites (§3.2.4.1.2)
ATOM_SITES

Atom types (§3.2.4.1.3)
ATOM_TYPE

These categories permit the traditional interpretation of regular
concentrations of electron density in a crystalline lattice as atom
sites containing one or more chemical elements, with complete or
partial occupancy, and with a spatial distribution affected by ther-
mal displacement or disorder.

Lists of atom-site coordinates and anisotropic displacement fac-
tors are covered by data items in the ATOM_SITE category. Iden-
tification of the chemical species occupying each site is handled
by data items in the ATOM_TYPE category and data items in the
ATOM_SITES category record collective information common to all
sites.

While the ATOM_SITE category formally contains the data
items describing both positions and atomic displacements, the
anisotropic displacement parameters are often given in a separate
looped list. In the version of the core dictionary embedded in the
macromolecular CIF dictionary, which uses the DDL2 formalism,
this is recognized by the creation of a separate, but overlapping,
ATOM_SITE_ANISOTROP category.

3.2.4.1.1. Individual atom sites

The data items in this category are as follows:
ATOM_SITE
• _atom_site_label

_atom_site_adp_type
_atom_site_aniso_B_11
_atom_site_aniso_B_12
_atom_site_aniso_B_13
_atom_site_aniso_B_22
_atom_site_aniso_B_23
_atom_site_aniso_B_33
_atom_site_aniso_label

→ _atom_site_label
_atom_site_aniso_ratio
_atom_site_aniso_type_symbol

→ _atom_site_type_symbol
_atom_site_aniso_U_11
_atom_site_aniso_U_12
_atom_site_aniso_U_13
_atom_site_aniso_U_22
_atom_site_aniso_U_23
_atom_site_aniso_U_33
_atom_site_attached_hydrogens
_atom_site_B_equiv_geom_mean
_atom_site_B_iso_or_equiv
_atom_site_calc_attached_atom
_atom_site_calc_flag
_atom_site_Cartn_x
_atom_site_Cartn_y
_atom_site_Cartn_z
_atom_site_chemical_conn_number

→ _chemical_conn_atom_number
_atom_site_constraints
_atom_site_description
_atom_site_disorder_assembly
_atom_site_disorder_group
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_label_component_0
_atom_site_label_component_1
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_atom_site_label_component_2
_atom_site_label_component_3
_atom_site_label_component_4
_atom_site_label_component_5
_atom_site_label_component_6
_atom_site_occupancy

† _atom_site_refinement_flags
_atom_site_refinement_flags_adp
_atom_site_refinement_flags_occupancy
_atom_site_refinement_flags_posn
_atom_site_restraints
_atom_site_symmetry_multiplicity

† _atom_site_thermal_displace_type
_atom_site_type_symbol

→ _atom_type_symbol
_atom_site_U_equiv_geom_mean
_atom_site_U_iso_or_equiv
_atom_site_Wyckoff_symbol

The bullet (•) indicates a category key. For this category an alternative category key
can be formed by taking all the _atom_site_label_component_* items together.
Anisotropic displacement parameters may also be listed in a separate loop, for
which _atom_site_aniso_label forms the key. The arrow (→) is a reference to
a parent data item. The dagger (†) indicates a deprecated item, which should not
be used in the creation of new CIFs.

Data items in the ATOM_SITE category represent the positions of
atom sites identified in the structural model, their spatial distribu-
tion defined by isotropic or anisotropic displacement parameters,
details of restraints or constraints applied during the refinement,
and the interpretation of their occupancy due to structural or com-
positional disorder.

Example 3.2.4.1 is a typical extract from a list of atom-site coor-
dinates, with equivalent isotropic displacement values and refine-
ment conditions. Each site is identified by _atom_site_label.

The coordinates are specified as fractional x, y, z values
along the unit-cell axes. Coordinates may also be specified in
ångström units along orthogonal Cartesian axes using the data
names _atom_site_Cartn_x, _atom_site_Cartn_y and _atom_

site_Cartn_z. The transformation matrix between Cartesian and
fractional coordinates can be given in the ATOM_SITES category.

(Note that occupancy values are unaffected by symmetry. This
is discussed later in connection with site multiplicity.)

_atom_site_U_iso_or_equiv records the isotropic atomic dis-
placement value Uiso in the case of isotropic refinement. In the case
of anisotropic refinement, _atom_site_U_iso_or_equiv records
the equivalent isotropic value Ueq, defined as

Ueq = (1/3)
∑

i

[∑
j(U

i ja∗
i a∗

j aia j)
]
,

where ai are the real-space cell lengths, a∗
j are the reciprocal-space

cell lengths and Ui j are the anisotropic displacement parameters.
The data item _atom_site_adp_type identifies which value is

given. An alternative equivalent isotropic displacement parameter
_atom_site_U_equiv_geom_mean may be calculated as the geo-
metric mean of the anisotropic parameters,

Ueq = (UiUjUk)1/3,

where the Ui are the principal components of the orthogonalized
Ui j.

Data names also exist for the corresponding quantities calcu-
lated from B values, although the use of B values is discouraged
by the IUCr Commission on Crystallographic Nomenclature.

For each site, _atom_site_calc_flag takes one of the follow-
ing values: d, to indicate that the atom-site coordinates were deter-
mined from the diffraction intensities; c or calc to indicate that
they were calculated from molecular geometry considerations; or
dum, for a dummy site.

Example 3.2.4.1. List of atom-site coordinates, equivalent
isotropic U values and refinement conditions.

loop_
_atom_site_label
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_U_iso_or_equiv
_atom_site_adp_type
_atom_site_calc_flag
_atom_site_refinement_flags_posn
_atom_site_occupancy
_atom_site_disorder_assembly
_atom_site_disorder_group
_atom_site_type_symbol

O1 0.5000 1.0000 0.8011(2) 0.0259(6)
Uani d S 1 . . O

O2 0.33569(10) 0.98239(10) 0.88892(17) 0.0321(5)
Uani d . 1 . . O

O3 0.20150(13) 0.92560(11) 0.8817(2) 0.0458(5)
Uani d . 1 . . O

O4 0.35539(11) 0.81530(10) 0.96958(17) 0.0333(5)
Uani d . 1 . . O

C1 0.43883(16) 0.95672(14) 0.7293(3) 0.0275(6)
Uani d . 1 . . C

H1 0.4064 0.9930 0.6730 0.0493(19)
Uiso calc R 1 . . H

C2 0.37292(16) 0.92010(14) 0.8175(3) 0.0266(6)
Uani d . 1 . . C

H2 0.3246 0.8945 0.7691 0.0493(19)
Uiso calc R 1 . . H

C3 0.41827(16) 0.85968(14) 0.8983(3) 0.0280(6)
Uani d . 1 . . C

H3 0.4629 0.8850 0.9536 0.0493(19)
Uiso calc R 1 . . H

Specific restraints or constraints applied to a site may be indi-
cated by one or more of the _atom_site_refinement_flags_*

items.
The data item _atom_site_occupancy defines the fraction of

the atom type present at the site. Note that the same site may
occur more than once in the list, identified by separate values of
_atom_site_label. Such an arrangement would represent con-
tributions from separate atom types (perhaps in modelling com-
positional disorder). The sum of occupancies of all atom types
present at a single site may not significantly exceed 1.0 (unless
it is a dummy site with no physical significance). Note that an
atom of a given chemical species positioned on a special position
(e.g. on a twofold axis) will in general be assigned a full occu-
pancy value of 1.0. However, it will occur less often in the unit
cell than an atom on a general position (in this example by a factor
of 2). To account for this in structure-factor calculations it may be
given a population value of 0.5 within the refinement program. A
population adjustment of this kind is not implied in the assign-
ment of a value to _atom_site_occupancy. The multiplicity of
the site owing to the space-group symmetry can be recorded in
_atom_site_symmetry_multiplicity.

The disorder-related data names in this example will be dis-
cussed below.

_atom_site_type_symbol is a code which must match an entry
in the ATOM_TYPE category that supplies information about the
elemental composition and scattering factors of the atom or atoms
occupying the site. Note that it is quite legitimate to have an atom-
type symbol such as ‘Fe3+Ni2+’, referring to a mixed-composition
atom site. The effective physical properties of such a pseudo-atom
should be given in full in the ATOM_TYPE category.

Example 3.2.4.2 demonstrates how the anisotropic displace-
ment parameters are conventionally broken out into a sepa-
rate list. When this is done, each atom site is identified by
_atom_site_aniso_label, and this must of course match the
value of _atom_site_label specifying the position of the site.
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Example 3.2.4.2. Separate list of anisotropic U values with
_atom_site_aniso_label acting as the key that uniquely
identifies table rows in this listing.

loop_
_atom_site_aniso_label
_atom_site_aniso_U_11
_atom_site_aniso_U_22
_atom_site_aniso_U_33
_atom_site_aniso_U_12
_atom_site_aniso_U_13
_atom_site_aniso_U_23
O1 0.0256(9) 0.0275(9) 0.0433(12) 0.0020(8)

0.0038(8) -0.0062(9)
O2 0.0306(10) 0.0418(11) 0.0651(15) -0.0037(10)

0.0079(11) -0.0049(11)
O3 0.0374(10) 0.0309(10) 0.0315(11) -0.0030(9)

0.0051(9) 0.0005(9)
C1 0.0279(13) 0.0245(13) 0.0300(15) 0.0004(11)

-0.0020(12) -0.0034(12)
C2 0.0258(13) 0.0226(13) 0.0314(15) 0.0024(11)

-0.0024(12) -0.0033(12)
C3 0.0292(13) 0.0246(13) 0.0302(16) -0.0028(11)

0.0031(12) 0.0005(12)

The data item _atom_site_label is normally used as the identi-
fier of each individual atom site in a list of coordinates and atomic
displacement factors. Historically, the labels given to atom sites
have been chosen to summarize useful information about the atom
located at the site. Almost invariably the label contains the symbol
of the chemical element or elements occupying the site; there may
also be indicators of charge, valence, chemical connectivity, disor-
der, occupation of a site of crystallographic symmetry or grouping
within a component of secondary structure within large molecules.
In a CIF, it is formally sufficient that atom-site labels are unique, as
all the information about composition, valence, connectivity and
so on can be extracted from the data items designed specifically
to record this information. However, it is preferable that an atom-
site label should summarize the relevant features of the site. Many
styles and conventions for labelling atoms are in use in crystallog-
raphy, so to enable interchange with other crystallographic data file
formats, the core dictionary contains a detailed but highly flexible
set of rules for constructing and parsing atom-site labels.

Labelling atom sites in crystallography usually serves two dis-
tinct purposes: (a) to identify the site in the molecule and crystal,
and (b) to identify the chemical element that occupies that site. The
core dictionary makes this distinction clear by defining ATOM_SITE

and ATOM_TYPE as separate data categories. The connection
between the two categories is made through the equivalence of
the data items _atom_site_type_symbol (in the ATOM_SITE list)
and _atom_type_symbol (in the ATOM_TYPE list). Often, however,
crystallographers use a single label _atom_site_label to define
both the site and the chemical species occupying it.

The _atom_site_label may be composed of as many as eight
separate components; the recommended convention for construc-
tion of the string is as follows.

Component 0 [optionally identical to a value of _atom_type_

symbol] (mandatory): A character string containing any character
except a blank or an underline, with the proviso that each digit
‘0’–‘9’ is used only to designate an oxidation state and, as such,
must be followed by a plus ‘+’ or a minus ‘-’ character. It is recom-
mended that the element symbols be used when applicable. Exam-
ples of permissible codes are: Cu, Cu2+, dummy, Fe3+Ni2+, S-, H*,
H(SDS).

Component 1 [atom number code] (optional): This string may
contain any alphanumeric character except a blank or an under-
line, but the first character must be a digit ‘0’–‘9’ and the second
character may not be a plus ‘+’ or a minus ‘-’. Component 1 is

intended primarily to differentiate sites containing the same atom
type, but it can be used for any purpose. Examples of combined
component 0 and 1 codes are: C1, C103g28, Fe3+17b, H*251,
boron2a, Ni2+2, Fe2+Ni2+2, where component 0 is in bold
to indicate how these labels are parsed.

Component 2 [residue code] (optional): This string may contain
any character except a blank or underline. It is intended primarily
to give specific structural information such as the molecular frag-
ment or amino-acid type, e.g. C1_gly, O1_SO4. If component 2 is
present, it is separated from the concatenated components 0 and 1
with an underline character.

Components 3–7 [sequence, remoteness, chain order, alternate,
footnote codes] (optional): These strings may contain any char-
acter except a blank or an underline. The underline character is
used to separate the individual components. The names associated
with the separate components suggest their roles in constructing
composite labels that match the conventions of site labelling in the
PDB format for macromolecular structure files. However, they are
not restricted to these functions and may be used in other ways.

Component 0 is normally identical to an _atom_type_symbol

code in the ATOM_TYPE list. However, if it is not, an _atom_site_

type_symbol code must appear in the ATOM_TYPE list in order to
identify the atom type. In these cases, component 0 may contain
any code consistent with the rules given in the dictionary. Thus,
component 0 could be Ca to identify an alpha carbon, provided
that the _atom_site_type_symbol is encoded as C to indicate that
the atom type is carbon.

Multiple occupation of a single atom site by different atom
species (compositional disorder) may be handled simply by hav-
ing multiple values of _atom_site_label referring to the same
site in the crystal structure. Alternatively, multiple occupancy of
an atom site may be denoted by a unique character or charac-
ters in component 0 of the atom label, with the ATOM_TYPE list
containing the equivalent pseudo element label entry with values
that are weighted averages of those for the constituent elements.
The proportions of the atom types should then be defined using
_atom_type_description.

This _atom_site_label construction is flexible, visually deci-
pherable and well suited to computer applications. The compo-
nents can be easily identified and stripped with a single pass, from
left to right, along the label string. Note that the underline separa-
tors are only used if higher-order components exist. If intermediate
components are not used they may be omitted provided the under-
line separators are retained. For example, the label C233__ggg is
acceptable and contains the components 0: C, 1: 233, 2: null and 3:
ggg. There is no requirement that the same number of components
should be used in each label.

The _atom_site_label may be replaced by separate data items
specifying the individual components of an atom label; this may be
useful for large lists of site coordinates, for example in a macro-
molecular structure, where site-labelling components follow a sys-
tematic convention and where subsets of the atom sites need to be
searched for or extracted using individual label components. Such
uses are not common in files built with core CIF data names; the
mmCIF dictionary identifies substructural components in biologi-
cal macromolecules by alternative techniques (Section 3.6.7).

There is no comparable fragmentation of the components of
_atom_site_aniso_label. Where separate lists of anisotropic
displacement parameters use complex atom-site labels, either
the coordinate list should use _atom_site_label alone or the
processing software needs to be able to construct a value for
_atom_site_label from the separate components _atom_site_

label_component_* in order to test the equivalence between the
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Example 3.2.4.3. Chemical connectivity table; atoms are linked
back to atom-site positions through matching values of
_atom_site_chemical_conn_number and _chemical_conn_

atom_number.

loop_
_atom_site_label
_atom_site_chemical_conn_number
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_U_iso_or_equiv
S1 1 0.74799(9) -0.12482(11) 0.27574(9) 0.0742(3)
S2 2 1.08535(10) 0.16131(9) 0.34061(9) 0.0741(3)
N1 3 1.0650(2) -0.1390(2) 0.2918(2) 0.0500(5)
C1 4 0.9619(3) -0.0522(3) 0.3009(2) 0.0509(6)

# - - - - data truncated for brevity - - - -

loop_
_chemical_conn_atom_number
_chemical_conn_atom_type_symbol
_chemical_conn_atom_display_x
_chemical_conn_atom_display_y
_chemical_conn_atom_NCA
_chemical_conn_atom_NH

1 S .39 .81 1 0 2 S .39 .96 2 0
3 N .14 .88 3 0 4 C .33 .88 3 0
5 C .11 .96 2 2 6 C .03 .96 2 2

# - - - - data truncated for brevity - - - -

Example 3.2.4.4. Handling of occupational disorder of atom
sites.

loop_
_atom_site_label
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_occupancy
_atom_site_disorder_assembly
_atom_site_disorder_group

B2 0.9639(7) 0.6536(5) 0.4464(5) 1 . .
F21 0.9411(18) 0.7083(11) 0.5388(9) 0.50 A 1
F22 1.008(2) 0.5331(6) 0.4747(10) 0.50 A 1
F23 0.8364(14) 0.6845(17) 0.3951(15) 0.50 A 1
F24 1.0718(17) 0.6896(14) 0.3764(12) 0.50 A 1
F21A 0.9727(18) 0.7141(15) 0.5293(13) 0.50 A 2
F22A 1.0540(15) 0.5401(8) 0.4635(15) 0.50 A 2
F23A 0.8216(9) 0.6479(15) 0.4461(14) 0.50 A 2
F24A 1.007(2) 0.7096(17) 0.3476(11) 0.50 A 2

labels in the coordinates and anisotropic displacement parameters
lists.

While either atom-labelling technique is permitted, it is recom-
mended that the individual label components are not used unless
there is an overwhelming argument to do so.

Information about the molecular model is sometimes embed-
ded in a labelling convention. In CIF, this information is usually
expressed through other data items.

The connectivity of a molecule is described by the CHEMICAL

group of categories, and more specifically through the CHEMI-

CAL_CONN_ATOM and CHEMICAL_CONN_BOND categories.
The link between atom sites in the coordinate list and

the corresponding atoms in the molecular model is estab-
lished using the data item _chemical_conn_atom_number in the
CHEM_CONN_ATOM category, and the data items _chemical_

conn_bond_atom_1 and _chemical_conn_bond_atom_2 in the
CHEMICAL_CONN_BOND category. The values of these data items
must match values for the data item _atom_site_chemical_

conn_number in the ATOM_SITE list. Example 3.2.4.3 shows an
extract from a connectivity table; a more complete version of this
table is given in the relevant category descriptions in the dictionary.

Note that there is no guarantee that the refined atom-site coordi-
nates that characterize the asymmetric unit will correspond to loca-

tions within a single connected molecular species. Crystal symme-
try transformations may need to be applied to individual sites in
order to map the contents of a connected molecular residue to real
space in the unit cell. There is no provision in the CHEMICAL_CONN

categories for the specification of these symmetry transformations;
thus these higher-order molecular geometries are best described
using data items in the GEOM categories, which do allow for the
specification of symmetry transformations.

It may also be the case that not all atom positions have been
located; this is particularly true for hydrogen atoms, and the
data item _atom_site_attached_hydrogens is provided for book-
keeping purposes to indicate hydrogen atoms known to be bonded
to an atom but whose positions have not been refined (or calcu-
lated).

Example 3.2.4.4 shows how the disorder of a group of bonded
atoms over a set of atom sites (occupational disorder) is described.
In this example of a disordered tetrafluoroborate anion, the data
item _atom_site_disorder_assembly takes the value A, and the
data item _atom_site_disorder_group takes the values 1 and 2,
indicating the two alternative positions of the disordered group.

The remaining items in this category are clearly described in
their individual dictionary entries. However, the now-deprecated
data item _atom_site_refinement_flags should be mentioned.
This was allowed to take values obtained by concatenating one or
more of the single-letter flags:

. no refinement constraints;
S special-position constraint on site;
G rigid-group refinement of site;
R riding-atom site attached to non-riding atom;
D distance or angle restraint on site;
T thermal displacement constraints;
U Uiso or Ui j restraint (rigid bond);
P partial occupancy constraint.
These individual flags are listed in the dictionary using

the DDL field _enumeration, which denotes a list of mutu-
ally exclusive permitted values. As concatenation of values is
allowed here, dictionary-based software must be modified to
handle this data item as a special case. To avoid the need
for this in future, the data item was marked as deprecated
from version 2.3 of the dictionary, and is replaced by the
three separate items _atom_site_refinement_flags_posn, *_adp
and *_occupancy. For each of these, the relevant combina-
tions of refinement flags are fully enumerated (for example
_atom_site_refinement_flags_adp may take any one of the val-
ues T, U or TU). This logically separates the different types of refine-
ment constraints or restraints that an author might want to record
and allows software to parse the data item.

3.2.4.1.2. Collections of atom sites

The data items in this category are as follows:
ATOM_SITES

_atom_sites_Cartn_tran_matrix_11
_atom_sites_Cartn_tran_matrix_12
_atom_sites_Cartn_tran_matrix_13
_atom_sites_Cartn_tran_matrix_21
_atom_sites_Cartn_tran_matrix_22
_atom_sites_Cartn_tran_matrix_23
_atom_sites_Cartn_tran_matrix_31
_atom_sites_Cartn_tran_matrix_32
_atom_sites_Cartn_tran_matrix_33
_atom_sites_Cartn_tran_vector_1
_atom_sites_Cartn_tran_vector_2
_atom_sites_Cartn_tran_vector_3
_atom_sites_Cartn_transform_axes
_atom_sites_fract_tran_matrix_11
_atom_sites_fract_tran_matrix_12
_atom_sites_fract_tran_matrix_13
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_atom_sites_fract_tran_matrix_21
_atom_sites_fract_tran_matrix_22
_atom_sites_fract_tran_matrix_23
_atom_sites_fract_tran_matrix_31
_atom_sites_fract_tran_matrix_32
_atom_sites_fract_tran_matrix_33
_atom_sites_fract_tran_vector_1
_atom_sites_fract_tran_vector_2
_atom_sites_fract_tran_vector_3
_atom_sites_solution_hydrogens
_atom_sites_solution_primary
_atom_sites_solution_secondary
_atom_sites_special_details

This category records information that applies collectively to
the atom sites of the structural model. At present, the topics cov-
ered are the transformation matrix between Cartesian and cell frac-
tional coordinates, and the methods used to locate the initial atom
sites. _atom_sites_solution_primary describes how the first
atom sites were determined, _atom_sites_solution_secondary
describes how the remaining non-hydrogen sites were located
and _atom_sites_solution_hydrogens describes how hydrogen
atoms were located. The codes that are allowed for each of these
refer to distinct solution methods, and at present only the seven for-
mal values listed below are provided (although other values might
be added in the future):

difmap difference-electron-density map;
vecmap real-space vector search;
heavy heavy-atom method;
direct structure-invariant direct methods;
geom inferred from neighbouring sites;
disper anomalous-dispersion techniques;
isomor isomorphous structure methods.

3.2.4.1.3. Atom types

The data items in this category are as follows:
ATOM_TYPE
• _atom_type_symbol
_atom_type_analytical_mass_%
_atom_type_description
_atom_type_number_in_cell
_atom_type_oxidation_number
_atom_type_radius_bond
_atom_type_radius_contact
_atom_type_scat_Cromer_Mann_a1
_atom_type_scat_Cromer_Mann_a2
_atom_type_scat_Cromer_Mann_a3
_atom_type_scat_Cromer_Mann_a4
_atom_type_scat_Cromer_Mann_b1
_atom_type_scat_Cromer_Mann_b2
_atom_type_scat_Cromer_Mann_b3
_atom_type_scat_Cromer_Mann_b4
_atom_type_scat_Cromer_Mann_c
_atom_type_scat_dispersion_imag
_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_source
_atom_type_scat_length_neutron
_atom_type_scat_source
_atom_type_scat_versus_stol_list

The bullet (•) indicates a category key.

The data items in this category record details about the atomic
species associated with each occupied atom site in the structural
model. While these will typically be standard properties of the
naturally occurring chemical elements, they may also be synthetic
atom types, for example in cases where a single atom site may be
occupied with partial occupancies by atoms of different elements.

As mentioned in Section 3.2.4.1.1, there are two ways of deal-
ing with such a case: the same location in the coordinate list may
be populated by multiple entries, each for an atom of a particular
element with an associated occupancy fraction; or a single entry

Example 3.2.4.5. Reference to atomic scattering factors.

loop_
_atom_type_symbol
_atom_type_oxidation_number
_atom_type_number_in_cell
_atom_type_scat_dispersion_real
_atom_type_scat_dispersion_imag
_atom_type_scat_source
C 0 72 .017 .009

International_Tables_Vol_IV_Table_2.2B
H 0 100 0 0

International_Tables_Vol_IV_Table_2.2B
O 0 12 .047 .032

International_Tables_Vol_IV_Table_2.2B
N 0 4 .029 .018

International_Tables_Vol_IV_Table_2.2B

may be made for the synthetic atom type, the properties of which
are described fully in the ATOM_TYPE list.

Each different atom type has a unique _atom_type_symbol iden-
tifier. In principle, this could be any string of characters, but the
dictionary recommends certain conventions to encourage compat-
ibility with the atom-site labelling rules. It is recommended that
the identifier be the normal chemical element symbol when the
atom type is a pure element. If some other labelling is used, the
identifier may be composed of any character except an underline,
with the additional proviso that digits designate an oxidation state
and must be followed by a ‘+’ or ‘-’ character.

The data item _atom_type_scat_versus_stol_list can be
used to give a table of scattering factors as a function of (sin θ)/λ.
This is a text field with no specified internal structure, except the
suggestion that it is well commented and the lists should be regu-
larly formatted. However, it is generally enough to list the atomic
scattering factors of each element and to provide a reference to the
source of the values, as in Example 3.2.4.5.

3.2.4.2. Chemical identification and connectivity information

The categories describing chemical identity and connectivity are
as follows:

CHEMICAL group
Chemical identification (§3.2.4.2.1)

CHEMICAL

CHEMICAL_FORMULA

Chemical connectivity (§3.2.4.2.2)
CHEMICAL_CONN_ATOM

CHEMICAL_CONN_BOND

As indicated in Section 3.2.4.1.1, the chemical interpretation of
the coordinate list of regions of significant electron density is not
always easy. Occupational and compositional disorder, symmetry-
equivalent locations, and unrefined atom sites all contribute to the
difficulties, but it is usually possible in modern studies to con-
struct a sensible chemical model. The CHEMICAL category group
provides the data names needed to describe the chemical identity
and properties of the material characterized in the structural study.

3.2.4.2.1. Chemical identification

The data items in these categories are as follows:
(a) CHEMICAL

_chemical_absolute_configuration
_chemical_compound_source
_chemical_melting_point
_chemical_melting_point_gt
_chemical_melting_point_lt
_chemical_name_common
_chemical_name_mineral
_chemical_name_structure_type
_chemical_name_systematic
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