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Crystallographic Information File (CIF)

e A standard for electronic archiving and exchange of
crystallographic data

e Original paper describing the CIF syntax and defining many of
the data items:
S.R. Hall, F.H. Allen, I.D. Brown, Acta Crystallogr. A47, 655
(1991).

e Current standard reference and definitions:
International Tables Volume G.




CIF syntax

e Text only file. If using WORD, save as “text only”.

e Line length is 80 characters maximum, no line wrapping allowed.
WORD: courier new font, set margins to have line length < 80
characters (16.5 cm)

e Plain text characters only (standard keyboard).

Abcdefghijklmnopgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
0123456789

PR#ST &x () _+{}:"~<>2[\-=[];"",/.

CIF syntax

e Special characters (Greek, accents, symbols) cannot be
inserted directly, but can be created by special character
combinations:

\a =a

\%A = A

\% =° (degree symbol)
Va=4a

e Bold and italics originally not supported, but now may be
indicated with HTML markup,

<b>this text is bold</b>
<i>italic</i>




CIF syntax

e Every CIF starts with:
data_xxxxxxx, (usually data_global)

e Every structure data block in the same CIF, if more than one,
must begin with a data_xxxx line

e Every data item has its own name and begins with an
underscore
e.g. _exptl_crystal_density_diffrn 2.088

CIF syntax

e In tables, a specific sequence of items repeats. These are
preceded by loop_

loop_
_geom_bond_atom site label 1
_geom bond atom site label 2
_geom_bond distance

_geom _bond site symmetry 2
_geom_bond publ flag

Agl N19 2.166(4) . ?

Agl C30 2.170(4) . ?




CIF syntax

e All defined data names MUST have a corresponding entry in
the list. If you omit something, the syntax will get out of sync.
If there is no value, use ?.
If there is a default value, use a dot.

loop

_geom _bond atom site label 1
_geom_bond_atom site label 2
_geom bond distance

_geom bond site symmetry 2
_geom _bond publ flag

Agl N19 2.166(4) . ?

Agl C30 2.170(4) . ?

CIF syntax

e Some items have numerical values, others have text
associated with them. Do not mix.

e Correct:
_chemical_melting_point 403
_cell_length_a 22.6241(4)
e Incorrect:
_chemical_melting_point 273-275
_chemical_melting_point 273 K’

_cell_volume 2367.5(8)\%AN3A




CIF syntax

Text items can be included 3 ways:

Single word:
_exptl_crystal_description rod

Several words all on one line, use quotation marks
_computing_data_collection ‘COLLECT (Nonius, 2000)’

Long text over several lines delimited by ; before and after the text,
always in column one of a line

_atom_type_scat_source

; International Tables for Crystallography (1992)

Vol. C, Tables 4.2.6.8 and 6.1.1.4

H

Completing a CIF

SHELXL generated CIFs have many data items missing, mostly
related to the data collection experiment.

Some diffractometers provide the data collection information in CIF
format — merge files. Olex? can do this for some diffractometers.

Fill in missing entries with Olex?, a text editor, or use pubICIF,
enClFer

Be careful when editing a CIF by hand!




enClFer - www.ccdc.cam.ac.uk

™ tutoriall.cif - enCIFer

Eile Edit Search Tools Help

=101 x|

D2ES ookt BBO+=|HA &

sz T SWERANO G

é«@dala_lulorial_'l 2
F E‘jdata_lutorial_I
L]"B_alom_sile_[]
[3--_alom_sites_[]
[ _atom_lype_[]
-5 _audi_l)
- _cellll
L]-l_chemical_[]

B a_citation_l]

@uﬁ_citalion_aulhor;[l:j
4 | I »

The publication details.
data_tutorial_1

_publ_requested_journal
_publ_contact_author_name
_publ_contact_author_address

J.0rganomet.Chem.
‘A, B. Author'

12 Union Road
Cambridge
CB2 1RF

_ﬁubl_conlact_aulhor_email
_publ_contact_author_phone
_publ_contact_author_fax

support@ccde.cam.ac.uk
+441223762912
+441223331116

loop_
_publ_author_name
_publ_author_address
‘A, B. Author'

1Iil The Sheet
4

K Editor I%‘ Visualiser ]

Line 49, Column 1

Starting new file "untitied?. cif"

Reading CIF "C:/Program Files/CCDC/enClFer
Beta/examples/tutorials/tutoriall. cif"*

Read 445 lines.

E A Erors Total of 6
[9 AWarnings Total of 4
8 A Remarks Total of 6
| Eee 2

|»

N

A useful CIF editor
Checks syntax

Highlights unbalanced
markup flags (; ~ *)

Wizard for inserting
publication details or
templates

Does not validate
data items other than
for correct syntax
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publICIF - journals.iucr.org/services/cif/publcif

e View the raw CIF and the final printed manuscript style
simultaneously

e Editing one is immediately reflected in the other

e Wizards for adding missing data items, formatting markup,
authors, special tables, etc.

e Database of common references

e Cross-check references with the text citations

e Create your own database of author details

e Run checkCIF from within program

11




publICIF - journals.iucr.org/services/cif/publcif

X publICIF - /home/ccd /tmp/z.cif (modified)
CIF  Edit  Prepint  Iocls  Help

w B [ G Yo AR HEDODE = =
BB oo BT R

1 _pupli_section_title
78
4 - orua: a P satare 2 e ara 4-dihvdronvri 3 - ariv q o) . . . LR 1
9 Co-crystals of diastereoisomers of 1,4-dihydropyridine derivati (,0-cr_vstals of diastereoisomers of l.4-(|lh_\'(lrop_vrl(lme
80 g
81 derivatives
82 _publ_section_title_footnote
83 y
84 Anthony Linden
85 | loop_
86 _publ_author_name Institute of Organic Chemistry, University of Ziirich,
it/ —publ_author_footnote Winterthurerstrasse 190, CH-8057 Ziirich, Switzerland
88 _publ_author_address
89 ‘Linden, Anthony'
90 ; Institute of Organic Chemistry . . ; L
A i i S Mt Correspondence e-mail: alinden@oci.unizh.ch
91 University of Z\"urich
92 Winterthurerstrasse 190
93 CH-8057 Z\"urich
94 Switzerland
95
96
97 # TEXT
98
99 _publ_section_synopsis
100 |. A mixture of the RR/SS and RS/SR diastereoisomeric pairs
101

) of methyl 4-(2.4-chlorophenyl)-2,7-dimethyl-5-
102 | _publ_section_abstract ' N o

103 |; oxo-1.,4.5,6,7.8-hexahydroquinoline-3-carboxylate,
104 |2 mixture of the <i>RR</i>/<i>S8S</i> and <i>RS</i>/<i>SR</i> di C9HoClLNOs, forms co-crystals in which there is one
105 |pai of methyl 4-(2,4-chlorophenyl)-2,7-dimethyl-5- 2 g . o 5

. o o S . . unique molecule in the asymmetric unit, but the molecule
106 oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate, C~19~H~19 2 e
107 |co-crystals in which there is one unique molecule in the displays disorder in the region of the 7-position of the
108 POl S Vo Tty At (L BAGEEL, oot sl (IR At Vi A B, Lo ot ] e SO e o, Eopiy. ettt B 1 - . .. '
109

View log

What is validation?

Comparison against normally expected values or conditions
e Are all the usual information and data present?
e Do related or derived parameters match?
e Do bonded atoms have compatible Ui values?
e Has the refinement converged?
e Is the space group correct?
e Are the assigned atom types correct?

e eftc, etc, etc...

13




Valid-ation

Correct

Appropriate

14

Why do we need checkCIF?

checkCIF introduced by the IUCr in 1997
Ongoing development by Ton Spek in PLATON

Throughput of labs exploded in the CCD era

Nice GUIs, but people often no longer look at output/log files
Help people avoid simple errors and oversights

Encourage maintenance of quality standards (best practice)
Increase publication success rate for authors (less revisions)

Decrease publication times for journals

15




Are

validation and vigilance still needed?

e Many avoidable mistakes still appear in submitted or published

pap

ers
Inexperience
Complacency
Ilgnoring (lesser) validation alerts
Do not understand alerts
Blind reliance on checkCIF — if there is no alert, it must be OK
Conversely, blind reliance by reviewers — if there is an alert,

there must be a problem!

16

checkCIF is...

o A

tool to help YOU...

— efficiently check your work
— avoid blunders

— follow best practice ideals

— achieve the best result possible

e Not intended as a hurdle to make life tough

e Not intended to hinder publication of correct results

e Not intended to make you write long explanations for everything

scientists always document (non-routine) experimental

procedures, don’t they...?

o Al

so a useful tool for (knowledgeable) reviewers
17




Current checkCIF and PLATON tests

e CIF syntax, missing information, data consistency and quality
e Unit cell & space-group symmetry

e (An)isotropic displacement parameters

e Intramolecular & intermolecular contacts

e Coordination-related issues

e Solvent-accessible voids

e Consistency of geometric parameters & s.u.s

e Reflection data consistency, completeness, twinning

e and much more...

18

Sources of outlier parameters

Incorrect structure (e.g. wrong space group or atom)
Unresolved feature (e.g. untreated disorder)
Non-optimal procedures (e.g. poor disorder modelling)
Artefact resulting from limited data quality

Special experimental conditions (document them)

A genuinely unusual observation — worthy of discussion!

9 -




checkcif.iucr.org

checkCIF is
sponsored by

Che{(‘k

HEE yyCr
mmm Journals

CCDC

A service of the
International Union of Crystallography

checkCIF reports on the consistency and integrity of crystal structure
determinations reported in CIF format.

Please upload your CIF using the form below. 0

File name:
Choose File no file selected

Select form of checkCIF report
« HTML
“PDF (recommended for CIFs that might take a long time to check)

Select validation type
« Full validation of CIF and structure factors
“Full IUCr publication validation of CIF and structure factors
“Validation of CIF only (no structure factors)

Output Validation Response Form
“Level A alerts only
“Level A and B alerts
“lLevel A, B and C alerts

CHEMISTRY
+None
Send CIF for checking 20
e SOC/Q,.‘_
checkCIF/PLATON (standard)
Structure factors have been supplied for datablock(s) x
THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR PUBLICATION, IT SHOULD NOT REPLACE THE
EXPERTISE OF AN EXPERIENCED CRYSTALLOGRAPHIC REFEREE.
No syntax errors found. CIF dictionary
Please wait while processing .... Interpreting this report
Structure factor report
Datablock: x
Bond precision: C-C = 0.0104 A Wavelength=0.71073
Cell: a=15.4933(3) b=26.3923(5) c©=4.40199(10)
alpha=90 beta=90 gamma=90
Temperature: 160 K
Calculated Reported
Volume 1799.99(6) 1799.99(6)
Space group Pna2l Pna22l
Hall group P 2c -2n P 2c -2n
Moiety formula C20 H12 Au F8 N C20 H12 Au F8 N
Sum formula €20 H12 Au F8 N C20 H12 Au F8 N
Mr 615.28 615.27
Dx,g cm-3 2.270 2.270
z 4 4
Mu (mm-1) 8.260 8.260
F000 1160.0 1160.0
F000"' 1153.05
h,k,lmax 23,39,6 22,39,6
Nref 6379[ 3550) 5610
Tmin, Tmax 0.287,0.342 0.180,0.652
Tmin' 0.053
Correction method= GAUSSIAN
Data completeness= 1.58/0.88 Theta(max)= 32.214
R(reflections)= 0.0339( 5123) wR2 (reflections)= 0.0756( 5610)
s = 1.110 Npar= 272
The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.
9Alert level C
PLAT213_ALERT_2_C Atom F8 has ADP max/min Ratio ..... 3.2 prola
PLAT242_ALERT_2_C Check Low Ueq as Compared to Neighbors for c20
PLAT342_ALERT_3_C Low Bond Precision on C-C Bonds 0.0104 Ang.
PLAT906_ALERT_3_C Large K value in the Analysis of Variance 2.473
PLAT910_ALERT_3_C Missing # of FCF Reflections Below Th(Min) ..... 3
PLAT915_ALERT_3_C Low Friedel Pair Coverage 80 %
PLAT971_ALERT_2_C Large Calcd. Non-Metal Positive Re5|dual Densnty 1.66 eA-3
PLAT972_ALERT_2_C Large Calcd. Non-Metal Negative Residual Density -1.51 eA-3
9Alert level G 21

PLATOO5_ALERT_5_G No _iucr_refine_instructions_details in the CIF

?Do!

PLAT912_ALERT_4_G Missing # of FCF Reflections Above STh/L= 0.600 203




[0 =-———————— Netscape: checkCIF/PLATON report (publication check)

2] =]

[ -
--| Loeation: s [nttp -/ /scripts.iucr ora/egi-bin/checkeif pl ] @& what’s Related

The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.

eAlert level A

DIFF020_ALERT 1 A diffrn standards_interval_ count and
diffrn_standards_interval time are missing. Number of measurements
between standards or time {min) between standards.

eAlert level C

QAlert level G

FORMUO1 ALERT 1 G There is a discrepancy between the atom counts in the
chemical formula_sum and _chemical formula_moiety. This is

usually due to the moiety Formula being in the wrong format.
Atom count from _chemical formula sum: C54 HS52 Ag2 B2 F8 P4
Atom count from _chemical formula moiety:

ALERT level A In general: serious problem

Potentially serious problem

Check and explain

General alerts; check

ALERT level C
ALERT level G

PO e e

PLAT221 ALERT 4_B Large Solvent/Anion F Ueqg(max)/Uegimin) ... 4.29 Ratio

PLAT029 ALERT 3_C _diffrn measured fraction theta full Low ....... 0.99
PLAT042 ALERT 1 C Calc. and Rep. MoietyFormula StTings Differ .... 2
PLAT125 ALERT 4 C No _symmetry_ space_group name Hall Given ....... H
PLAT164 ALERT 4 C Nr. of Refined C-H H-Atoms in Heavy-At Struct. [3
PLAT220 ALERT 2_C Large Non-Solwvent C Ueqg(max)/Ueq(min) ... 3.12 Ratio
PLAT222 ALERT 3_C Large Non-Solwvent H Ueq(max)/Uegimin) ... 3.68 Ratio
PLAT244 ALERT 4_C Low Solvent U(eq) as Compared to Neighbors .... Bl
PLAT790 ALERT 4 C Centre of Gravity not Within Unit Cell: Resd. # 1

C54 H52 Ag2 P4
PLAT790 ALERT 4 C Centre of Gravity not Within Unit Cell: Resd. # 2

"B F4

Ps
—

T

3 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
1 ALERT type 2 Indicator that the structure model may be wrong or deficient
2 ALERT type 3 Indicator that the structure quality may be low
6 ALERT type 4 Improvement, methodology, query or suggestion 2
<l ID
| === 56 Y P E3) N7
0= Netscape: checkCIF/PLATON report (publication check) =]
7| Location: f [http # /=cripts.iuor org/ogi-bin/checkeifpl | @7 what's Related
(S A
The following ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type alert-level.
Click on the hyperlinks for more details of the test.
PLAT244 Type_4 Test for unusually low solvent U(eq) as
compared with bonded neighbours
The U(eq) value of an atom is compared with the average U(eq)
for non-hydrogen atoms bonded to it. Large differences may
indicate that the wrong atom type was assigned (e.g. N instead of
O). False alarms may occur for terminal groups such as the t-butyl
moiety.
sATert level G
FORMUO1 ALERT 1 G There is a discrepancy between the atom counts in the
_chemical formula sum and _chemical formula moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from chemical formula sum: C54 H52 Ag2 B2 F8 P4
Atom count from _chemical formula moiety:
1 ALERT level A = In general: serious problem
1 = Potentially serious problem
9 ALERT level C = Check and explain
1 ALERT level G = General alerts; check
3 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
1 ALERT type 2 Indicator that the structure model may be wrong or deficient
2 ALERT type 3 Indicator that the structure quality may be low
6 ALERT type 4 Improvement, methodology, query or suggestion 23

ID
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A Multlpurpose Crystallographtc Tool
(C) 1980-2013 A.L.Spek - 100M-Verslon:

\ P.LAT.ON

60513

GRAPHICS

GEGM-CALC

VOIDS FLIP

SYMMETRY

ABSCRPTION

REPORT

MISC-TOOLS

PLUTGNauto
CRTEP/ADP
NewmanPLot
RLng-Plots
PlLane-PlLot
Pol yhedra
ContourDLf
Contour-Fo
AutoMolFLL
HKL2Powder
StmPowderP
RadDUstFun
Patterson
ShelxtPlLot
PLUTONatLv

Calc ALL

Cale Intra
Calec Inter
Calc Coord
Calc Metal
Calc Geom
Calc Hbond
Cale TMA

L.S.-PLANE
BlhedAngle
Anglelines
AngLsplLin
CremerPopl
BondValenc

HFIX - RES

Calc Solv
Cale K.P.I
SQUEEZE

Cal cFCF-5Q
Contour-5Q
Solv F3D

Solv Plot
CavityPlot

FLIP MENU
FLip Show
Flip Patt
FLIPPER 25
STRUCTURE?

ADDSYM
ADDSYM-EQL
ADDSYM-EXT
ADDSYM-PLT
ABDSYM-SHX
NEWSYM
NONSYM
LePage

Del Red
MOLSYM
SPGRfromEX
ASYM
ASYMaverFR
LePageTwln
TwtnRotMat

MULscanfABS
ABSPslL Scan
ABSTompa
ABSGauss
ABSXtal
ABSSphere
SHXABS
AnomDL sVal
AnomDLsPL L
MuPLot

XtLPLanAgL
Xtal HablLt

ASYM-VIEW
FCF-Valld
DLfFourter
ANALof VAR
ByvoetPalr
ASYM-EXPCT
ASYM-ValLd

SupplMater
EXPECT-HKL

StructTldy
StratnAnal
LocCIF-ace

SYSTEM-S
fef2hklL
Expand2P1
FCF-Gener
HKL-Gener
HKL-Transf
EXOR-RES
ANIS-RES
Rename-RES
Auto-Renum
Create-spf
Create-res
Create-clf
Create-pdb
clf2shelxlL

PLATON 10

OptionMenus

Label-Alias

Norm-H-bond

NoSymm

LstARU RCel
LstCellSymm
ListAtons
ListBonds
LstFlagRadi
Exclude H
MinQPeakHgt
—
MinQPeakDis
—
0-Peak-Incl

KeyInstruct

rev Next

Xtal Data
Refl Data

(CIF13 )
(LIST4 )

x.cLf- Set
x.fecf [ FCF

http://www.platonsoft.nl /PLATON-MANUAL. pdf

1
1«

1):
1)

X
X

SAVE-InstrsS

ENTRY-LIST

Reset End
1

ucL

Data From:

Refl Data:

15.4933(3)
Wavelength 0.71073
Spacebroup from ngmeth
orte

MotetyFormula C2O 12 Au
eported C20 H12 Au
SumFormula C20 H12 Au

Vol ume Re
Pna

F8 N
F8 N
F8 N
F8 N

P na 21

X P.LAT.ON

VALIDATION REPORT FOR CURRENT CIF

CIF
LIST4

orted
Hal L:

90
1799.99(6)
P 2¢c -2n
P 2c -2n

Bond Prectston

Calcul ated

PLATGN/CHECK-( 60513) versus check.def verston of 040513 for entry:
x.ctf - Data Type:
x.fcf - Data Type:

26.3923(5) 4.40199(10)

C-C=

0
1799.839(6)

PLATON 10

OptionMenus

Parentheses

Label-Alias

Norm-H-bond

Heported C20 H12 Au
615.28[Calc],
2.270[Calc],
4[Calcls
8.260[Calc], 8.260 [Rep]
1160.0[Calc] s 1160. OERep] or F0OO" 1153.05[Calcl
Reported T LtmLts: Tmtn=0.180 Tmax=0.652 AbsCorr=GAUSSIAN
Calculated T Limtts: Tmin=0.287 Tmin'=0.053 Tmax=0.342
Repovted Hmax= 22, Kmax= 39, Lmax= 6, Nref= 5610 s Thimax)= 32.214
Obs Ln FCF Hmax= 22, Kmax= 39, Lmax= 6, Nref= 5610 3338], Th(max)= 32.214
Calculated Hmax= 23, Kmax= 39, Lmax= 6, Nref= 6379 35501, Ratlo=1.58/0.88
Reported Rho(mtn) = -1.94, Bha(max) 1.56 e/Ang**3 (From CIF)
Calculated Rholmin) = -2.08, Rha(max) 1.66 e/Angxx*3 (From CIF+FCF datal
w=1/[sl mo¥¥2[Fox%2]+[O 0303P) xx2+ 4.2752P1, P=(Foxx2+2xFcxx2)/3
R= 0.0339( 5123), wR2= 0.0756( 5610) g 1.110 (From CIF+FCF data)
) 1.11
? 1.11

R= 0.0339( 5123), wR2= 0.0756( 5610 0 (From FCF data only)
R= 0.0339( 5123), wR2= 0.0756( 5610) .110, Npar= 272, Flack -0.00I (6]
Number BUL jvoet Palrs = 2272 909 Selected for: Parsons -0.002(4)
P2(tr) 1.000,P3(tr) 1.000,BL jvoet Palr Coverage (Perc) 80, Hooft -0.006(6)
http://www.platonsoft.nl/CIF-VALIDATICN. pdf

615.27 [Rep]
2.270 [Rep]
4 [Rep]

NoSymm

nnann

LstARU RCel

LstCellSymm
ListAtons
ListBonds
LstFlagRadi
Exclude H
MinQPeakHgt
—
MinQPeakDis

—]
0-Peak-Incl

—~e e = NI

FHEH BB S S

KeyInstruct

Prev Next
For Documentation:
SAVE-InstrS

ENTRY-LIST

Reset End

>>> The Following Improvement and Query ALERTS were generated - (Acta-Mode) <<<

INSTRUCTION INPUT via KEYBOARD or LEFT-MOUSE-CLICKS (HELP with RIGHT CLICKS) Bxit

>> Continue (Y/N[Y])




Alert indicators

380 ALERT 4 C Likely Unrefined X(sp2)-Methyl Moiety ...... C18
412 ALERT 2 C Short Intra XH3 .. XHn : H19B .. H30A = 1.81 Ang.
720 ALERT 4 C Number of Unusual/Non-Standard Label(s) .... 1
Alert numbe% Alerts levels A, B, C indicate
the type of issue. the severity of the issue.

G is a general issue to check
or information, not
necessarily an error.

26

Alert types

380 ALERT 4 C Likely Unrefined X(sp2)-Methyl Moiety ...... C18

412 ALERT 2 C Short Intra XH3 .. XHn : H19B .. H30A = 1.81 Ang.

720 ALERT 4 C Number of Unusual/Non-Standard Label(s) .... 1
ALERT Type 1 = CIF construction/syntax error,

inconsistent or missing data

ALERT Type 2 = Indicator that the structure
model may be wrong or deficient

ALERT Type 3 = Indicator that the structure quality
may be low

ALERT Type 4 = Improvement, methodology, query or
suggestion

ALERT Type 5 = Informative message, check
27




checkCIF alert levels

4+ A  Serious — attention essential

Required item omitted, large deviation from
usually expected value, or inconsistent values

Alert A No crystal dimensions have been given
Alert A No _chemical_absolute_configuration info
Alert A Atom C58A ADP max/min Ratio  18.00
Alert A H...Acalc 5.82(3); rep 1.915; dev 3.91 A

Alert A Space group symbol does not match sym.
ops.

28

Alert levels

ltem is a significant or unexpected outlier

The formula has elements in wrong order
ADDSYM detects Cc to Fdd2 transformation
Refined extinction parameter < 1.9¢
Structure contains VOIDS of 130.00 A3

29




Alert levels

4+ C  Outside expected norms — examine

May appear trivial, but do not dismiss out of hand
A long list may indicate subtle errors

Alert C Moiety formula not given

Alert C Short inter X...Y contact: 07...C1=2.96 A
Alert C Low U(eq) as compared to neighbours: C1
Alert C D-H without acceptor N2-H2 ?

30

H®
N
P

Alert C Short inter X...Y contact: O7...C1=2.96 A
Alert C Low U(eq) as compared to neighbours: C1
Alert C D-H without acceptor N2-H2 ?

31




Don’t dismiss C alerts
Some things hard to find manually

Alert A Angle Calc 120.6(12), Rep 116.0(17), Dev. 3.83 Sigma
C8 -N83 -H831 1.555 1.555 1.555

Alert B Angle Calc 118.2(17), Rep 121.8(17), Dev. 2.12 Sigma
H831 -N83 -H832 1.555 1.555 1.555

Alet C D-H Calc 9.701(16), Rep 0.990 Sym ops?
012 -H1 1.555 1.555

Update CIFs carefully and thoroughly!

32

Alert levels

4G General issues to check

Not necessarily an error
A reminder prompt, in case there is an oversight
Do the results concur with (chemical) expectation?

ALERT G
Atom count from _chemical_ formula_sum: C46 H54 N4 026 Til
Atom count from the _atom_site data: C46 H41 N4 026 Til

WARNING: H atoms missing from atom site list. Intentional?

ALERT 1 G Confirm the Absolute Configuration of Cl: S

33




Vigilance — additional to validation

Does the structure make sense to you?
Does the structure look right and is it geometrically logical?

Can you rationalize structure with the expected or plausible
chemistry, etc.

Don’t force (restrain) a structure to be that which it is not.
Does the geometry agree with similar structures in databases?

Unusual geometry or other features are rarely a new property
— more likely to be the effect of an inadequacy of the model

Look critically at the output files (e.g. .Ist file)

ALWAYS revalidate when you make any change to a CIF
34

Possible limits to validation

Test not (yet) implemented

Test not practical

Error not a validation issue

Mistake cannot be detected from data in CIF

Nonsense entries in the CIF

35




Authors working with checkCIF

Crystal growth
Data Collection
Refinement
Structure analysis

Prepare CIF
|
» | Submit to checkCIF
1 4 1
Alerts present Alerts not present
I I
Resolve alerts Submit to journal
; | I
Submission
processed normally

v

Still getting A (or B) alerts?

Is there a sound scientific basis for the outlier?

Insert Validation Response Form (VRF) into CIF

Give clear short but scientifically sound comments,
i.e. properly document your experiment.

Show you understand the causes of the outlier

Use also _exptl_special_details or _refine_special_details

Editors and reviewers then know you are aware




Initial checkCIF report

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

aAlert level A
CHEMWO3_ALERT_2_A ALERT: The ratio of given/expected molecular weight as
calculated from the _atom_site* data lies outside
the range 0.90 <> 1.10
From the CIF: _cell_formula_units_Z 2
From the CIF: _chemical_formula_weight 1546.34
TEST: Calculate formula weight from _atom_site_*
atom mass num sum
C 12.01 66.00 792.73
H 1.01 68.00 68.54
Au 196.97 2.00 393.93
Cl 35.45 2.00 70.91
N 14.01 2.00 28.01
(o} 16.00 3.00 48.00

Calculated formula weight 1402.12
9
PLAT230_ALERT_2_B Hirshfeld Test Diff for N2 -- C41 . 12.2 s.u.
9

PLAT241_ALERT_2_C High 'MainMol' Ueq as Compared to Neighbors of C20 Check
PLAT242_ALERT_2 C Low 'MainMol' Ueq as Compared to Neighbors of C25 Check
PLAT342_ALERT_3_C Low Bond Precision on C-C Bonds ............... 0.0109 Ang.
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Scroll down to...
Validation response form

Please find below a validation response form (VRF) that can be filled in
and pasted into your CIF.

# start Validation Reply Form
_vrf_CHEMWO03_NV1610

PROBLEM: ALERT: The ratio of given/expected molecular weight as
RESPONSE: ...

# end Validation Reply Form

# start Validation Reply Form
_vrf_CHEMWO03_NV1610

PROBLEM: ALERT: The ratio of given/expected molecular weight as
RESPONSE: SQUEEZE used to handle disordered solvent, but the
sum and moiety formulae, formula weight, F(000), density and mu all
include the total estimated solvent content of the crystal.

See _refine_special_details

# end Validation Reply Form
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New checkCIF report with responses

Alert level A

CHEMWO3_ALERT_2_AALERT: The ratio of given/expected molecular weight as
calculated from the _atom_site* data lies outside the range 0.90 <> 1.10

From the CIF: _cell_formula_units_Z 2
From the CIF: _chemical_formula_weight 1546.34
TEST: Calculate formula weight from _atom_site_*
atom mass num sum

C 12.01 66.00 792.73

H 1.01 68.00 68.54

Au 196.97 2.00 393.93

Cl 35.45 2.00 70.91

N 14.01 2.00 28.01

(0] 16.00 3.00 48.00

Calculated formula weight 1402.12

Author Response: SQUEEZE used to handle disordered solvent, but the sum and moiety
formulae, formula weight, F(000), density and mu all include the total estimated solvent
content of the crystal. See _refine_special_details.

40

A good argument

Alert B ADDSYM detects additional (pseudo)
symmetry element: |

Author Response:
This additional symmetry element does

not hold true for one of the ether bridges,
as discussed in the text.
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A less good answer

Alert A < 85% complete (6 max?)

Author Response:
Hemisphere of data collected

Space group P2,/n, Nonius FAST system

e Does not address reason for missing data

o Isit—
inherent geometrical limitations?

oversight in experiment or data reduction?
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With a “difficult” structure

e Identify and describe the problem
e Give details of remedial action taken
e Describe the (successful?) outcome

e Use:
- experimental section of the paper

- add text to the CIF, e.g. _refine_special_details
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Test not implemented

Example: High ADPs on isolated atom

Not detected by
e rigid bond test
o e atom type test
Q. e ADP ratio test

05a

Atom is probably O of H,O rather than ClI 4

Test not practical

C-C range is 1.49 to 1.60 A

However, C-C single bonds
are found within this range
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Error not a validation issue

_chemical formula sum 'C24 H12 Fe 06

_exptl crystal description needle

_exptl crystal colour colourless
_exptl crystal size max 0.28
_exptl crystal size mid 0.24
_exptl crystal size min 0.03
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Error not detectable from CIF data

Prior chemical information:
complex is either Ru / Ru
or Ru/Zn

Refinement as Ru / Ru gave
R; = 0.064; unusual five-
coordinate Ru geometry
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ith Ru / Ru model (R, = 0.064)

Difference map w

48

022)

ith Zn / Zn model (R; = 0.

Difference map w
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Nonsense entries in the CIF

see Clegg, W. (2003). Acta Cryst. E59, e2-e5

_diffrn ambient temperature 293(2)
_diffrn radiation wavelength 0.69010
_diffrn radiation_ type synchrotron
_diffrn radiation_source 'fine-focus sealed tube’
_diffrn radiation_monochromator graphite

_diffrn measurement device type

'"SMART 1k on Daresbury SRS Station 9.8’
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Misassigned element
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Four related lactams. One is a “rarely seen imidic acid tautomer”

R =0.059, wR2 =0.177, S = 1.067
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230 _ALERT_2 B Hirshfeld Test Diff for O1 -- C2 .. 11.83 su

Peaks list

01 0.54
Q2 0.28
Q3 0.26
04 0.25

1.07 o1
0.77 C3
0.73 C3
0.76 C10

Contoured difference maps are very useful —easy in PLATON
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Refine as an amine

R =0.046, wR2 =0.117
(formerly R = 0.059)

No relevant alerts

Q1 0.22 0.77 C3

N2 is pyramidal.

Do not fall into the trap of
thinking it is planar (imine)
and use AFIX 93!

Now the chemist has work to do!
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Geometry of -NH and —NH, groups

H
N
Amides: planar ©/ Y
(6]
NH,
Phenylamines: usually planar O/

NH,
Phenydiamines: one of the ©i
amine groups may be pyramidal NH

2

Validation is not usually revealing.
Be careful about auto-calculation of H with amines and hydroxy groups.
Test the H-atom positions: refine the H-atoms, or refine their Uiso values.

Look at contoured difference maps. .

Missing H atom

The issue raises only a G alert

343 ALERT 2 G Check sp? Angle Range
in Main Residue for .. C18

Largest peak: 0.84 e/A3

H-atoms from diff. map and refined.
So one H was missed, but...

No mismatched formula!

Author claims that structure is fine because
there is no serious checkCIF alert

LOOK at and understand the structure AND the chemistry
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What’ s wrong here?

R =0.047, wR =0.088,
shift/error 0.000

Looks reasonable visually, but...

Large peak near Ba: 3.4 e/A3
A alert

Hard to be sure about hydroxy &
water H-atoms — diff. maps quite
noisy

C alert about poor Ba-O-H angles
for one water

Refine again

R = 0.035, down from 0.047 !l

Ba ellipsoid shrinks (large shift/error)
Residual peaks gone

Diff. maps clean and H atoms clear
Using element other than Ba did not

reproduce author’ s “converged”
result

Why???




Improper use of DAMP 0 0

Structure had not yet converged
DAMP 0 O sets shifts to zero!

Use ONLY for GCLS refinement
AFTER full convergence
(to generate s.u.s)

NEVER for L.S. refinement

GCLS should not usually be
needed for final refinement of
small-molecule structures

Summary

*  CheckCIFis a tool for YOU
* Be vigilant — do not rely solely on checkCIF

«  Structure factor validation is also very important

For proper review, referees need the fcf files!
How many journals require their submission?

How many wrong structures are missed because a journal
does not require structure factor submission?

SHELXL-2014 solved that problem by embedding the
.-res and .hkl files. Don’t delete the hkl data in a CIF.
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