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17.2-9 THE USE OF MAXIMUM ENTROPY IN THE 
A-PRIORI PHASING OF SlYiALL MOLECULES. 
By G. Bricogne, LURE, Bil.timent 209D, 91405 Orsay Cedex, 
France and C,J, Gilmore, Department of Chemistry, 
University of Glasgow, Glasgow G 12 8QQ, Scotland. 

The maximum entropy formalism can be seen as a real-space 
equivalent of traditional (reciprocal space) direct methods 
(Bricogne Acta Cryst. (1984), A40, 410-445), It does, 
however, offer several advantages that are not available in 
conventional direct methods including the full use of all 
invariants at every point in the phasing process without 
their explicit generation, the natural incorporation o£ the 
standard deviations of the normalised structure factors, 
and the constant updating o£ the prior distribution of 
atoms that guarantees that the approximate joint distribut
ion of structure factors remains valid even for large 
deviations from uniformity. 

We report here, our experiences using the exponential 
modelling method applied to several small molecule 
structures in the Sheldrick difficult structures database. 
Our initial conclusions are as follows: 

( l) It is possible to .accurately extrapolate new phases 
via the technique. 

( 2) The method is independent of the data resolution. 
This is important for structures where it is impossible 
to obtain data sets at atomic resolution, 

( 3) It is possible to correctly extrapolate phases for very 
weak reflections ( iEh I < 0, 5). This implies that 
much larger structures should be accessible to the 
maximum entropy method than are feasible with 
traditional methods. 

17.2-10 AB INITIO PHASE DETERMINATION USING THE 
CONSISTENT ELECTRON DENSITY HETHOD. By T.N. Bhat, NIH, 
NIDDK, Bethesda, MD20892, and H. L. .~mmon, Chemistry 
Department, U. of Maryland, College Par·K, MD20742, USA. 

The Compound tetrakis, C1oHRN10F40lil• a high energy 
propellant, crystallizes in space group Pc (a~7.888A, 

h~6.779A, c~21.595A, ~ ~108.21°), Cu data were 
collected on a Picker diffracto~eter (Max 8~G3°), 
Numerous attempts to solve the structur-e with l1ULTAN, 
anO later with "11THRIL, were un.<Juccessful. The strnctllre 
was solved usin£; the consi.•Hent electron density method 
(GEDM) (Eh,_t, Acta Cryst. 1984, A40, C 15; Bhat, ACA 
Symposium, 1985, HI. 21). The CEDM is a Fourier method 
with restraints applied to the electron density distri
hution. It does not involve conventional direct methods. 
1'he procedure was initiated with a few, low resolution 
reflections assigned random phases. (a) Using these 
amplitudes and phases, H, an electron density man, p, 
was calculated. (b) Negative values of p '-"ere set to 
a constant value and the electron density values were 
squared. (c) From this modified p an unbiased map, 
p' which is analogous to an OMITMAP ( Bhat !; Cohen, J, 
Appl. Cryst. 19R4, 17, 244) was calculated. Using p' 
as P, step (b) and (c) were repeated for several 
cycles. (d) A new set of phases '"'as calculated from 
p for R and for some additional (about !5% reflec
tions to obtain a new set of reflections, H', With H' as 
H, steps (a) through (d) were repeated. The electron 

density map was examine~ ~ 

when the '" H included all ~/,. .·. . .· . • the reflections to about 
l.4A re.'wlution and a 
molecular model was fit to 
it with the graphics pro
v,ram, FRODO. · This rnodel 
has been refined to R=0.047 for 1791 data > 3 cr. An 
ORTEP diagram of the molecule is givecn. 

17.2-11 
SYMME'".L'RY l:lY. SIM!>l!:L. By R.A,J, Driessen a.nd H. SChenk, Lab 
for Crymta.l~ography, Un.1veral.ty of AIM!te.rdaJ!l, N1.euwe 
Achtergracht 166, 1018 WV Amaterdam, Th~ Nethsrlandm. 
In genera~ structures w.1th pee~ymmat.ry are more 
difficult to crack by direct mttthodllll than iDtructurea 
without. The preaenca of an additi.onal transl.atl.on in the 
unit cell g.1ves rise to the &YJI!temat.1c aba&noe of all. 
reflect.ions in pa..••ticu1ar PlU"itygroupe, In the case of a 
peeudo tranelat.ion these reflectiorull are syotemat1ca.l.ly 
weak as is reflected .in the ra111u1ts of the nor.aa..l1zatl.on 
procedure. The triplets for a str>Jcture w1th a pseudo 
translation ( e ,g. pseudo I) can 00 div.1d>t<1 into two types 1 

one conta1n.1ng th.'!:"Ete re£1ect1ons fl:"Ot!l the strong 
pa.r~tygroupz, type sss, and the other containing one 
r2flection from the strong pa.ritygroups and two f:com the 
weak oneB, type sww, It was found that both type.o of 
triplets, calculated from normalized otructura f&ctors for 
ranC!om.ly generated isot:rop.tc po.1nt atom otructurea with 
different !legrees o£ paeoootranslat1onal. symmetry, are 
equally rel1ab1e ae a funct1on of the~r E~-va1ue. 
Por .imaging tha s"t:ructure a vast: nwnbe;r: of phll&ed 

reflections of .both types .11!1 nete-d&d, Therefore the 
:E-values ax€ oftem rescale.<! for each pari t:ygroup 
separately, in order t:o obtain a more equal d1Btr1bution 
of all paritygroups at t.he upper part of" the :e:- and. 
E~-range, Although often succesful, thj.e procedure 
:l..ncreases the number of type sww triplets largely, 
however, the:l..r. rell..ability has drama.tl.cally c:l&creG.JJe(l 1.n 
comparison w1th tr1plets of the type ass at the same 
E:$-va.1ue level. Iru:tead. the or1g1.nal E-valuelll should be 
used in a miX.IifitKI. proctKI.ure. The procOOure ata:rta with 
ael.ectinq equal nl.Jl'.lbers of refl,ctions of both types, 
calculAting all phase relationShips and ue:ing thie 
:l..nfcrmation t:o calculate pha.Befi of both types aJll rel.iable 
am pomsible. It 1.ncludes the use of two diffBrent sets of 
acceptance criteria -for new pha.s-eB in order to ach1.eve 
phase propagation t"or all reflections, The researc"h nas 
been aponsored Dy SON, the Chemical zwo foundation. 

17.2-12 THE PHASING OF SAS DATA VIA DIRECT METHODS. 
Suzanne fo'ortier and Marie E. Fraser, Dept. of Chemistry, 
Queen's University, Kingston, Canada, K7L 3N6. 

It has been Known for some thirty years that 
structure amplitude differences due to anomalous scat
tering can be used to obtain phase informatLon. In 
the single-wavelength anomalous scattering (SAS) case, 
given the anomalous scatterer substructure and the 
Friedel pair amplitudes, two possible values are ob
tained, in general, for the individual phases. In 
recent years, several approaches based on the ap
plication of direct methods to SAS data have been 
proposed for the resolution of the two-fold ambiguity 
(Hauptman, H., Acta Cryst, A38, 632 (1982); Karle, J., 
Acta, Cr·yst.. All1, 387 (1985); Fan Hai-Fu, Han Fu-Sun, 
Qian Jin-Zi, Yao Jia-Xing, Acta Cryst. AllO, 489 
(1984); Langs, D.A., Acta. Cryst. All2, 362 {1986); 
Giacovazzo, C., Acta. Cryst. A39, 585 (1983); Fortier, 
S., Fraser·, M.E. and Moore, N.J., Acta. Cryst. Al.l2, 
149 (1986), The theoretical basis of the structure 
invariant probabilistic estimates is examined so as to 
relate parameters of the formulae to standard SAS 
parameters and compare the direct methods - SAS 
results to the results of the .'3tandard SAS method in 
which the phase closest to the anomalous scatterer 
substructure is selected. 


