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The	
  CIF	
  Data	
  Exchange	
  Standard	
  
•  CIF	
  already	
  exists	
  for	
  a	
  quarter	
  of	
  a	
  century	
  
•  It	
  was	
  created	
  around	
  1990	
  by	
  Syd	
  Hall	
  et	
  al.	
  
•  CIF	
  provides	
  a	
  standardized	
  computer	
  readable	
  
intermediate	
  between	
  structure	
  refinement	
  
soZware	
  and	
  soZware	
  that	
  makes	
  use	
  of	
  the	
  
resul[ng	
  structural	
  model	
  	
  (Graphics,	
  Geometry	
  
etc.)	
  and	
  data	
  collec[on	
  and	
  refinement	
  data	
  

•  In	
  essence	
  a	
  CIF	
  file	
  consists	
  of	
  a	
  set	
  of	
  records	
  
with	
  associa[ons	
  between	
  properly	
  defined	
  data	
  
names	
  and	
  	
  their	
  associated	
  values	
  (free	
  format)	
  



EARLY	
  ADOPTERS	
  OF	
  CIF	
  

Refinement	
  Programs	
  
-­‐	
  The,	
  at	
  that	
  [me,	
  widely	
  but	
  now	
  rarely	
  used	
  
XTAL	
  system	
  program	
  suite	
  (Hall	
  et	
  al.)	
  
-­‐	
  SHELXL92	
  (The	
  beta	
  follow-­‐up	
  of	
  SHELX-­‐76)	
  
CIF	
  Users	
  
-­‐	
  IUCr/AC-­‐C	
  	
  (Publica[on,	
  Archival,	
  Checking)	
  
-­‐	
  CCDC/Encifer	
  (Archival/No	
  Retyping)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
-­‐	
  Acta:	
  PLATON/Valida[on	
  (VOIDS/ADDSYM)	
  



The	
  Current	
  Status	
  of	
  CIF	
  
•  Most	
  current	
  soZware	
  can	
  read	
  and/or	
  write	
  CIF	
  
•  Hard	
  to	
  keep-­‐up	
  with	
  new	
  CIF	
  items	
  due	
  to	
  new	
  
science,	
  changing	
  data	
  collec[on	
  and	
  refinement	
  
techniques	
  (e.g.	
  detectors,	
  constraints/restraints)	
  

•  New	
  official	
  data	
  names	
  have	
  been	
  defined	
  for	
  
powder	
  studies,	
  twinning	
  &	
  constraints/restraints	
  
but	
  not	
  generally	
  implemented	
  in	
  exis[ng	
  soZware	
  

•  In	
  contrast,	
  many	
  more	
  unofficial	
  data	
  names	
  are	
  
currently	
  in	
  use	
  star[ng	
  with	
  _shelx_,	
  _olex2_	
  etc.	
  

•  Regregably,	
  up	
  to	
  recently,	
  primary	
  reflec[on	
  data	
  
were	
  not	
  	
  generally	
  included	
  in	
  deposited	
  CIF’s	
  



CIF-­‐ISSUES	
  
•  Unfortunately,	
  The	
  CIF	
  syntax	
  has	
  its	
  problems	
  (no	
  
end	
  loop,	
  no	
  loop	
  nes[ng	
  etc.)	
  

•  The	
  realiza[on	
  that	
  when	
  a	
  CIF	
  that	
  does	
  not	
  include	
  
the	
  underlying	
  (primary)	
  reflec[on	
  data,	
  the	
  
informa[on	
  is	
  incomplete	
  and	
  thus	
  poor	
  science.	
  	
  

•  Many	
  ques[ons	
  about	
  a	
  structural	
  study	
  	
  can	
  be	
  
answered	
  only	
  with	
  the	
  availability	
  of	
  reflec[on	
  data.	
  

•  The	
  reflec[on	
  data	
  may	
  be	
  unique	
  (or	
  hard	
  to	
  
obtain)	
  and	
  possibly	
  needed	
  for	
  follow-­‐up	
  studies.	
  	
  

•  The	
  historical	
  prac[ce	
  of	
  Fo/Fc	
  deposi[on	
  is	
  oZen	
  
unsa[sfactory	
  (data	
  averaged,	
  ‘ex[nc[ons’	
  deleted)	
  



Current	
  Solu[on	
  
•  The	
  refinement	
  program	
  specific	
  instruc[on	
  and	
  
reflec[on	
  files	
  are	
  now	
  soon	
  expected	
  to	
  be	
  at	
  least	
  
embedded	
  as	
  comment	
  (under	
  their	
  proper	
  data	
  
names)	
  in	
  the	
  CIF	
  

•  SHELXL2014	
  automa[cally	
  embeds	
  those	
  data	
  with	
  
proper	
  checksums	
  for	
  transmission	
  errors	
  etc..	
  	
  

•  The	
  embedded	
  data	
  in	
  a	
  SHELXL2014	
  CIF	
  can	
  be	
  
easily	
  extracted	
  	
  and	
  used	
  for	
  alterna[ve	
  refinement	
  
purposes	
  or	
  for	
  the	
  crea[on	
  of	
  an	
  FCF	
  where	
  needed	
  

•  PLATON/SQUEEZE	
  makes	
  extensive	
  use	
  of	
  the	
  above	
  



PLATON	
  Tools	
  

Interface:	
  name.cif,	
  .fcf.,	
  .ins,	
  .res,	
  .hkl	
  
•  Valida[on	
  -­‐	
  ‘platon	
  –u	
  name.cif’	
  
•  SQUEEZE	
  	
  	
  -­‐	
  ‘platon	
  –q	
  name.cif’	
  
•  ORTEP	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  ‘platon	
  –a	
  name.cif’	
  
•  ADDSYM	
  	
  	
  	
  -­‐	
  	
  ‘platon	
  –m	
  name.cif	
  
•  Etc.	
  
•  GUI	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  ‘platon	
  name.cif’	
  for	
  	
  CALC,	
  H-­‐
Bonds,	
  TwinRotMat,	
  Bijvoet	
  etc.	
  





CIF-­‐Valida[on	
  
•  ALERTS	
  come	
  in	
  levels	
  A,B,C	
  &	
  G	
  
•  All	
  A,B,C	
  ALERTS	
  should	
  looked	
  at	
  carefully	
  
and	
  acted	
  upon	
  (correct	
  or	
  comment	
  )	
  

•  G-­‐ALERTS	
  are	
  info	
  and	
  not	
  necessarily	
  Errors	
  	
  	
  
•  The	
  use	
  of	
  constraint/restraints	
  should	
  be	
  
commented	
  upon.	
  Their	
  use,	
  just	
  to	
  beau[fy	
  
an	
  ORTEP	
  to	
  hide	
  problems,	
  is	
  poor	
  prac[ce	
  

•  IUCr	
  standard	
  is	
  best	
  againable,	
  not	
  25	
  deg	
  
•  Next	
  a	
  valida[on	
  output	
  example	
  based	
  on	
  a	
  
SHELXL2014	
  CIF	
  è	
  







Acta	
  Cryst.	
  (2011).	
  E67,	
  m576-­‐m577	
  

[Co4Cl4(C3H6S)4]	
  
R1	
  	
  	
  	
  =	
  0.041	
  
wR2	
  =	
  0.125	
  

Is	
  this	
  structure	
  correct	
  ?	
  





Iden[cal	
  	
  to:	
  
Inorg.	
  Chem.	
  
(2006)	
  45,	
  8318	
  

Co	
  è	
  Zn	
  
C3	
  è	
  N1	
  
C6	
  è	
  N2	
  
R1	
  =	
  0.028	
  
wR2	
  =	
  0.072	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Correc[on	
  
proved	
  with	
  
reflec[on	
  data	
  



FCF-­‐Valida[on	
  

•  Lis[ng	
  of	
  outliers	
  
•  Lis[ng	
  of	
  missing	
  reflec[ons	
  
•  %observed	
  data	
  versus	
  resolu[on	
  plot	
  
•  Analysis	
  of	
  Variance	
  +	
  Normal	
  Prob.	
  Plot	
  
•  TwinRotMat	
  
•  Bijvoet	
  Pair	
  HooZ/Parsons	
  analysis	
  
•  Difference	
  Fourier	
  peak	
  list	
  (see	
  whether	
  
peaks	
  are	
  near	
  heavy	
  atoms	
  or	
  elsewhere)	
  

	
  











SQUEEZE	
  
•  SQUEEZE	
  is	
  a	
  tool	
  in	
  PLATON	
  that	
  takes	
  care	
  of	
  the	
  disordered	
  

solvent	
  contribu[on	
  to	
  	
  Fcalc	
  as	
  part	
  of	
  the	
  L.S.	
  refinement.	
  
•  It	
  is	
  assumed	
  that	
  the	
  total	
  electron	
  density	
  can	
  be	
  split	
  up	
  

into	
  a	
  part	
  that	
  can	
  be	
  parameterized	
  with	
  the	
  usual	
  
label,x,y,z,popula[on,Uij	
  model	
  and	
  a	
  part	
  with	
  unimportant	
  	
  
substance	
  that	
  can	
  not	
  be	
  parameterized	
  sa[sfactorily.	
  

•  The	
  solvent	
  accessible	
  region	
  is	
  determined	
  automa[cally	
  and	
  
used	
  itera[vely	
  as	
  a	
  mask	
  for	
  the	
  back-­‐Fourier	
  transforma[on	
  
of	
  the	
  solvent	
  density	
  in	
  the	
  difference	
  map	
  to	
  Fcalc	
  (solvent)	
  	
  

•  The	
  actual	
  L.S.	
  refinement	
  of	
  the	
  model	
  parameters	
  has	
  to	
  be	
  
done	
  with	
  an	
  external	
  program	
  (SHELXL,	
  CRYSTALS)	
  

•  SHELXL97	
  required	
  refinement	
  against	
  I(obs)	
  corrected	
  for	
  the	
  
solvent	
  contribu[on	
  into	
  solvent	
  free	
  data	
  (seen	
  as	
  heresy	
  …)	
  



SQUEEZE	
  &	
  SHELXL2014	
  
•  SHELXL2014	
  now	
  has	
  a	
  command,	
  ABIN,	
  that	
  instructs	
  to	
  read	
  

an	
  externally	
  supplied	
  .fab	
  file	
  with	
  fixed	
  contribu[ons	
  to	
  the	
  
calculated	
  structure	
  factors	
  

•  PLATON/SQUEEZE	
  supplies	
  such	
  a	
  .fab	
  file	
  with	
  the	
  disordered	
  
solvent	
  contribu[on.	
  

•  The	
  new	
  SHELXL2014	
  CIF	
  file	
  with	
  the	
  embedded	
  .res	
  and	
  .hkl	
  
makes	
  the	
  use	
  of	
  SQUEEZE	
  much	
  simpler.	
  

•  The	
  recommended	
  input	
  files	
  needed	
  for	
  a	
  SQUEEZE	
  job	
  are	
  
a	
  .cif	
  and	
  .fcf	
  from	
  a	
  converged	
  SHELXL2014	
  refinement	
  job	
  

•  SQUEEZE	
  generates	
  _sq.ins,	
  _sq.hkl	
  &	
  _sq.fab	
  for	
  	
  SHELXL2014	
  
•  Info	
  on	
  the	
  use	
  of	
  SQUEEZE	
  for	
  archival	
  and	
  valida[on	
  is	
  

automa[cally	
  embedded	
  	
  in	
  the	
  CIF	
  



How	
  to	
  SQUEEZE	
  with	
  SHELXL2014	
  
1.  Refine	
  non-­‐solvent	
  model	
  (Include	
  ACTA,	
  and	
  

in	
  case	
  of	
  twinning,	
  LIST	
  8	
  record(s)	
  in	
  
the	
  .ins).	
  	
  

2.  Run	
  SQUEEZE,	
  based	
  on	
  the	
  .cif	
  &	
  .fcf	
  from	
  1	
  
as	
  ‘platon	
  –q	
  name.cif’.	
  

3.  Con[nue	
  SHELXL2014	
  refinement	
  with	
  the	
  
files	
  name_sq.ins,	
  name_sq.hkl	
  &	
  
name_sq.fab	
  from	
  2	
  as	
  ‘shelxl	
  name_sq’	
  

4.  Inspect	
  the	
  .lis	
  &	
  .lst	
  files	
  and	
  Validate	
  



EXAMPLE:	
  PROBLEM:	
  
CONVERGENCE	
  AT	
  R	
  =	
  10%	
  



MODEL	
  the	
  Residual	
  Density	
  as	
  Disordered	
  CH2Cl2	
  



Convergence	
  at	
  
	
  R	
  =	
  4%,	
  Significant	
  
residual	
  density	
  



SQUEEZE	
  Result:	
  R	
  =	
  3%	
  
Sa[sfactory	
  Diff.	
  Map	
  



Result	
  Summary	
  



Model	
  without	
  
CH2CL2	
  

Model	
  with	
  
CH2Cl2	
  

SQUEEZE	
  

Diff.	
  Map	
  +/-­‐	
  CH2Cl2	
   Diff.Map	
  +	
  CH2Cl2	
  

Difference	
  Maps	
  based	
  on	
  Modelled	
  CH2Cl2	
  

R	
  =	
  0.095	
  

R	
  =	
  0.044	
   R	
  =	
  0.033	
  



The	
  ‘NEXTRA’	
  Issue	
  
•  One	
  of	
  the	
  issues	
  that	
  needs	
  to	
  be	
  addressed	
  is	
  the	
  number	
  of	
  

addi[onal	
  parameters	
  to	
  be	
  added	
  in	
  the	
  calcula[on	
  
associated	
  with	
  SQUEEZE	
  on	
  the	
  L.S.	
  Command.	
  The	
  default	
  
value	
  is	
  set	
  to:	
  (E	
  x	
  n)	
  /	
  (Z	
  x	
  m)	
  where	
  

•  E	
  =	
  the	
  number	
  of	
  recovered	
  electrons	
  in	
  the	
  unit	
  cell	
  
•  Z	
  =	
  the	
  number	
  of	
  asymmetric	
  units	
  
•  m	
  =	
  the	
  number	
  of	
  electrons	
  in	
  a	
  CH2	
  fragment	
  (=8)	
  
•  n	
  	
  =	
  the	
  number	
  of	
  parameters	
  usually	
  refined	
  for	
  a	
  CH2	
  

fragment	
  (=9)	
  

•  This	
  formula	
  has	
  the	
  nice	
  property	
  that	
  it	
  vanishes	
  when	
  
there	
  is	
  no	
  residual	
  density	
  in	
  the	
  void	
  



SQUEEZE	
  Requirements	
  
•  There	
  should	
  be	
  no	
  residual	
  unresolved	
  density	
  in	
  the	
  
parameterized	
  model	
  region	
  of	
  the	
  structure	
  because	
  
of	
  its	
  impact	
  in	
  the	
  solvent	
  region.	
  

•  The	
  data	
  set	
  should	
  be	
  reasonably	
  complete	
  and	
  with	
  
sufficient	
  resolu[on	
  [i.e.	
  sin(theta)/lambda	
  >0.6].	
  Low	
  
temperature	
  data	
  help	
  a	
  lot.	
  

•  There	
  should	
  be	
  no	
  unresolved	
  charge	
  balance	
  issues	
  
that	
  might	
  effect	
  the	
  chemistry	
  involved	
  (e.g.	
  The	
  
valency	
  of	
  a	
  metal	
  in	
  the	
  ordered	
  part	
  of	
  the	
  structure)	
  

	
  



Limita[ons	
  
	
  
•  The	
  SQUEEZE	
  technique	
  can	
  not	
  handle	
  cases	
  where	
  
the	
  solvent	
  region	
  is	
  not	
  constant	
  but	
  varies	
  due	
  to	
  
(coupled)	
  disorder	
  in	
  the	
  discrete	
  part	
  of	
  the	
  model.	
  	
  

•  The	
  solvent	
  region	
  is	
  assumed	
  not	
  to	
  contain	
  
significant	
  anomalous	
  scagerers	
  	
  (Friedels	
  averaged)	
  

•  Designed	
  for	
  ‘small	
  molecule	
  structures’	
  
•  The	
  use	
  of	
  SQUEEZE	
  as	
  part	
  of	
  the	
  Fujita	
  et	
  al.	
  MOF	
  
soaking	
  method	
  where	
  the	
  interest	
  lies	
  in	
  the	
  solvent	
  
region	
  is	
  very	
  tricky	
  and	
  not	
  recommended	
  



SQUEEZE	
  &	
  TWINNING	
  

	
  
Thanks	
  to	
  Shelxl2014,	
  SQUEEZE	
  	
  can	
  now	
  handle	
  

the	
  combina[on	
  of	
  solvent	
  disorder	
  and	
  
twinning	
  via	
  the	
  LIST	
  8	
  op[on	
  

(Both	
  TWIN/BASF	
  &	
  BASF/HKLF	
  5)	
  
See	
  	
  

SQUEEZE	
  lecture	
  in	
  MS96.005	
  



Thanks	
  

to	
  
George	
  Sheldrick	
  for	
  his	
  excellent	
  major	
  2014	
  

update	
  to	
  
	
  SHELXL	
  (and	
  of	
  course	
  SHELXT)	
  

and	
  the	
  
many	
  users	
  who	
  gave	
  their	
  [me	
  for	
  useful	
  
comments,	
  sugges[ons	
  and	
  bug	
  reports	
  	
  

(with	
  suppor[ng	
  CIF)	
  





I	
  

Informal Theory of the SQUEEZE Procedure 

M = Ordered 

S = Solvent 

Solvent Free 
ElectronCount 

Iterate (Initially 


