
1. HISTORICAL INTRODUCTION

data_BAWGEL

_audit_creation_date 93-05-24

_audit_creation_method manual_conversion_of_ccdc_file

_audit_update_record

; 82-07-05 CCDC entry created from journal data

A.L.Spek,A.J.M.Duisenberg (1981) 189,10,1531

93-05-21 Received file from Owen Johnson, CCDC.

93-05-24 Initial conversion of the file to CIF/MIF format.

;

_chemical_name_systematic ’bis(Benzene)-chromium bromide’

_chemical_formula_moiety ’C12 H12 Cr1 1+,Br1 1-’

_cell_length_a 9.735(6)

_cell_length_b 9.316(3)

_cell_length_c 11.941(8)

_cell_angle_alpha 90

_cell_angle_beta 90

_cell_angle_gamma 90

_cell_formula_units_Z 4

_symmetry_space_group_name_H-M Fmmm

loop_

_symmetry_equiv_pos_as_xyz

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

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

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

loop_

_atom_type_symbol

_atom_type_radius_bond

C 0.68 H 0.23 Br 1.21 Cr 1.35

_exptl_crystal_density_meas 1.764

_refine_ls_R_factor_obs 0.0540

_reflns_observed_criterion 3sigma(I)

loop_

_atom_site_label

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

Cr1 0.0 0.0 0.0

Br1 0.0 0.0 0.50000

C1 0.06900 0.12800 0.13400

C2 0.13900 0.0 0.13400

H1 0.09300 0.20400 0.12500

H2 0.19800 0.0 0.13000

loop_

_geom_bond_atom_site_label_1

_geom_bond_atom_site_label_2

_geom_bond_distance

_geom_bond_site_symmetry_1

_geom_bond_site_symmetry_2

Cr1 C1 2.100 . .

Cr1 C2 2.090 . .

C1 C1 1.340 . 5_555

C1 C2 1.370 . .

C1 H1 0.760 . .

C2 H2 0.580 . .

Fig. 1.1.6.2. Example 2 of a CIF (using the same data as shown in Fig.1.1.3.2).

1.1.7. The Crystallographic Information File

As outlined in Section 1.1.6, the working group commissioned by
the WPCI set out to establish an exchange protocol suitable for
submitting crystallographic data to journals and databases, and this
resulted in the development of the CIF syntax. At the same time,
the group was also asked to form a list of those data items con-
sidered to be essential in a manuscript submitted to Acta Crystal-
lographica. The data items originally recommended are listed in
Fig. 1.1.7.1.

The syntax of a CIF (a detailed description is given in Chapter
2.2) was intentionally a simple subset of the STAR File syntax (see
Chapter 2.1 for details). This simplification was considered impor-
tant for its easy implementation in existing crystallographic soft-
ware packages – clearly a primary goal for any format that was to
be widely available for submitting data to journals and databases.

A compilation of data names referring to specific quantities or
concepts in a crystal-structure determination was drawn up. This
compilation included the items already identified as necessary for
publication and many more besides. As a list of standard tags
intended for unambiguous use, the collection was known from the
outset as a dictionary of data names.

# The following CIF data names encompass the IUCr Journals Commission

# requirements for the reporting of a small-molecule structure in Acta

# Crystallographica, Section C

_chemical_compound_source

_chemical_formula_sum

_chemical_formula_moiety

_chemical_formula_weight

_symmetry_cell_setting

_symmetry_space_group_name_H-M

_cell_length_a

_cell_length_b

_cell_length_c

_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

_cell_volume

_cell_formula_units_Z

_exptl_crystal_density_diffrn

_exptl_crystal_density_meas

_exptl_crystal_density_method

_diffrn_radiation_type

_diffrn_radiation_wavelength

_cell_measurement_reflns_used

_cell_measurement_theta_min

_cell_measurement_theta_max

_exptl_absorpt_coefficient_mu

_cell_measurement_temperature

_exptl_crystal_description

_exptl_crystal_colour

_exptl_crystal_size_max

_exptl_crystal_size_mid

_exptl_crystal_size_min

_exptl_crystal_size_rad

_diffrn_measurement_device

_diffrn_measurement_method

_exptl_absorpt_correction_type

_exptl_absorpt_correction_T_min

_exptl_absorpt_correction_T_max

_diffrn_reflns_number

_reflns_number_total

_reflns_number_observed

_reflns_observed_criterion

_diffrn_reflns_av_R_equivalents

_diffrn_reflns_theta_max

_diffrn_reflns_limit_h_min

_diffrn_reflns_limit_h_max

_diffrn_reflns_limit_k_min

_diffrn_reflns_limit_k_max

_diffrn_reflns_limit_l_min

_diffrn_reflns_limit_l_max

_diffrn_standards_number

_diffrn_standards_interval_count

_diffrn_standards_interval_time

_diffrn_standards_decay_%

_refine_ls_structure_factor_coef

_refine_ls_R_factor_obs

_refine_ls_wR_factor_obs

_refine_ls_goodness_of_fit_obs

_refine_ls_number_reflns

_refine_ls_number_parameters

_refine_ls_hydrogen_treatment

_refine_ls_weighting_scheme

_refine_ls_shift/esd_max

_refine_diff_density_max

_refine_diff_density_min

_refine_ls_extinction_method

_refine_ls_extinction_coef

_atom_type_scat_source

_refine_ls_abs_structure_details

_computing_data_collection

_computing_cell_refinement

_computing_data_reduction

_computing_structure_solution

_computing_structure_refinement

_computing_molecular_graphics

_computing_publication_material

_publ_section_experimental

Fig. 1.1.7.1. Initial set of data items considered to be essential in a structure report
submitted to Acta Crystallographica Section C.

The WPCI proposed the CIF format as a standard exchange pro-
tocol at the open meetings of the IUCr Commissions on Crystal-
lographic Data and Computing at the 1990 XVth IUCr Congress
in Bordeaux. The proposal was accepted and the CIF format was
subsequently adopted by the IUCr as the preferred format for data
exchange (Hall et al., 1991).

The administration of the CIF standard, including the approval
of new data items, is the responsibility of the IUCr Committee for
the Maintenance of the CIF Standard (COMCIFS). This commit-
tee plays a central role in the coordination of CIF activities, such
as the creation of new dictionaries for defining crystallographic
data items and the updating of data definitions in existing dic-
tionaries. Chapter 3.1 describes relevant aspects of its role in the
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1.1. GENESIS OF THE CRYSTALLOGRAPHIC INFORMATION FILE

commissioning and maintenance cycle. Information about COM-
CIFS activities and other CIF developments may be obtained from
http://www.iucr.org/iucr-top/cif/.

1.1.8. Diversification: the Molecular Information File and
dictionary definition language

While the primary thrust of these activities was the development
of an exchange mechanism for crystal-structure reports, there was
also interest in enriching the description of the chemical prop-
erties and behaviour of the compounds under study. Some work
was therefore done to broaden the descriptions of bond order that
were present in rudimentary form in the core CIF dictionary and to
develop more detailed two-dimensional graphical representations
of chemical molecules. The result of this work was the Molecular
Information File (MIF), described in Chapter 2.4. As with CIF, the
specific data items required for MIF were defined in a dictionary.

This work has extended the STAR File approach into chemistry.
It is envisaged that later modules could describe spectroscopic
data, reaction schemes and much more. Particular requirements
of chemical structural databases are the need to query for generic
structures, and the need to allow for the labelling and comparison
of libraries of substructural components. Both requirements can
be met by features of the STAR File, but they are features omitted
from CIF. In practice, therefore, data files in MIF format cannot
be readily accessed by most crystallographic applications, and the
format is at present little used by crystallographers.

An important outcome of the work on MIF was the recognition
that attributes of the data items needed for a particular application
can be recorded using the same formalism as the data files them-
selves. This gave rise to the idea of a dictionary definition language
(DDL), a set of tags for describing the names and attributes of data
items. The dictionaries (the collections of data names for CIF and
MIF applications) could then be constructed as STAR Files them-
selves, with the immediate result that software written to parse data
files could equally easily parse the associated dictionaries. Now it
became feasible to build into applications the ability to validate
data by dynamically reading and interpreting the properties asso-
ciated with a data tag in an accompanying dictionary.

The idea of a DDL was proposed by Tony Cook during early
discussions on MIF and was adopted while the original CIF paper
(Hall et al., 1991) was in the press. The original core CIF dictio-
nary was therefore produced with an early version of a DDL that
was never fully documented (Fig. 1.1.8.1). Building on early expe-
rience with the core dictionary and the technical evolution of MIF,
Hall & Cook (1995) worked through several revisions before pub-
lishing DDL version 1.4, the stable version described in Chapter
2.5 of this volume. Because of the circumstances in which it was
developed, this dictionary definition language is able to accommo-
date both the flat-file quasi-relational structure of CIF and the more
hierarchical multiple-looped data model of MIF.

1.1.9. The macromolecular Crystallographic Information File

The original goal of CIF was the creation of an archive format
for the description and results of experiments in small-molecule
and inorganic crystallography. The data names and their defini-
tions were embodied in the core dictionary, so called because
most of the terms in it were considered common to any crystal-
lographic application. In 1990, the IUCr formed a working group,
chaired by Paula Fitzgerald, to expand this dictionary to meet the
additional requirements of macromolecular crystallography. The
resulting expanded dictionary was to be known as the macromolec-
ular CIF (mmCIF) dictionary.

##############################################################################

#

# DDL Data Name Descriptions

# --------------------------

#

# _compliance The dictionary version in which the item is defined.

#

# _definition The description of the item.

#

# _enumeration A permissible value for an item. The value ’unknown’

# signals that the item can have any value.

#

# _enumeration_default The default value for an item if it is not specified

# explicitly. ’unknown’ means the default is not known.

#

# _enumeration_detail The description of a permissible value for an item.

# Note that the code ’.’ normally signals a null

# or ’not applicable’ condition.

#

# _enumeration_range The range of values for a numerical item. The

# construction is ’min:max’. If ’max’ is omitted then the

# item can have any value greater than or equal to ’min’.

#

# _esd Signals whether an estimated standard deviation is

# expected to be appended (enclosed within brackets)

# to a numerical item. May be ’yes’ or ’no’.

#

# _esd_default The default value for the esd of a numerical item

# if a value is not appended.

#

# _example An example of the item.

#

# _example_detail A description of the example.

#

# _list Signals whether an item is expected to occur in a looped

# list. Possible values: ’yes’,’no’ or ’both’.

#

# _list_identifier Identifies a data item that MUST appear in the list

# containing the currently defined data item.

#

# _name The data name of the item defined.

#

# _type The data type ’numb’ or ’char’ (latter includes ’text’).

#

# _units_extension The data-name extension code used to specify the units

# of a numerical item.

#

# _units_description A description of the units.

#

# _units_conversion The method of converting the item into a value based

# on the default units. Each conversion number is

# preceded by an operator code *, /, +, or - which

# indicates how the conversion number is applied.

#

# _update_history A record of the changes to this file.

#

#-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof-eof

Fig. 1.1.8.1. Informal DDL used in the initial version of the core CIF dictionary
(now superseded by DDL1.4).

The group’s original short-term goal was to fulfil the IUCr man-
date of defining data names for an adequate description of a macro-
molecular crystallographic experiment and its results. Longer-term
goals were also determined: to provide sufficient data names so
that the experimental section of a structure paper could be writ-
ten automatically and to facilitate the development of tools so that
computer programs could easily interface with CIF data files. A
number of informal and formal meetings were held to describe the
progress of this project and to solicit community feedback.

An important meeting took place at the University of York in
April 1993. The attendees included the mmCIF working group,
structural biologists and computer scientists. Vigorous discussion
arose on whether the formal structure of the dictionary imple-
mented in the then-current dictionary definition language (DDL1)
could deal with the complexity of macromolecular data sets. There
were criticisms that the data typing was not strong enough and that
there were no formal links expressing relationships between data
items. A working group was formed to address these issues, result-
ing in a second workshop in Tarrytown, New York, in October
1993. The discussions at this second meeting focused on the devel-
opment of software tools and the requirements of an enhanced
DDL. Such a DDL was proposed during a third workshop at
the Free University of Brussels in October 1994. This new DDL
(DDL2; Chapter 2.6) was designed by John Westbrook and sought
to address the various problems identified at the preceding work-
shops, while retaining compatibility with existing CIF data files.
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