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Abstract  

The RANTAN procedure has been used to solve an 
unknown structure with 100 atoms in the asymmetric 
unit. In a test of the power of the method a synthetic 
structure with 234 atoms in space group P1 was 
solved without difficulty. RANTAN is also very effec- 
tive as a multisolution fragment-development procedure 
with as little as 10% of the structure in the fragment. 

Introduction 

The RANTAN procedure (Yao Jia-xing, 1981) assigns 
random initial phases to a large number of reflexions 
together with weights. Subsequent phase refinement is 
by a controlled use of the tangent formula, in which the 
weights play a role. RANTAN has already been shown 
to be competitive in power and efficiency with other 
multisolution methods and further work has now been 
undertaken to explore the full potentiality of the method 
and to find new ways of exploiting the general 
approach. 

An unknown structure - complex 2 enniantin C: 
1 K S C N  

The data for this structure were provided by Dr G. 
Tischenko of the Institute of Crystallography, Moscow. 

* Permanent address: Institute of Physics, Academia Sinica, 
Peking, The Peoples' Republic of China. 

0567-7394/83/010035-03501.50 

The basic parameters were: formula 2[(C 12H21NO3)3 ] • 
KSCN; space group P21, Z -- 2; a -- 20.205, b -- 8.702, 
c -- 25.587 A and 7 -- 97"0°. There were 100 atoms in 
the asymmetric unit. 

MULTAN 80 was tried but did not solve the 
structure. RANTAN employed 400 reflexions (E > 
1.62) for the phase-determining process and 100 weak 
reflexions (E < 0.185) for calculating the PSIZERO 
figure of merit. The number of strong triple-phase 
relationships was 4377. The convergence map chose 
three general reflexions for fixing the origin and 
enantiomorph. Another 247 reflexions in the bottom of 
the convergence map were assigned random phases 
with weights of 0.25 giving a total of 250 reflexions in 
the starting set. 

RANTAN stopped at set 78 automatically and 
accepted this set as a true solution with figures of merit: 
ABSFOM 1.0521, PSIZERO 1.149, RESID 18.37, 
CFOM 2.8822. The E map showed two fragments 
which contained 40 and 45 atoms respectively. The 
group KSCN could not be found in the E map, except 
the carbon atom, since the group was disordered. Fig. 1 
shows the molecular structure. The preliminary least- 
squares refinement was carried out by the SHELX 76 
program (Sheldrick, 1976) and the R factor was 
14-57%. The result showed that the potassium atom 
had two positions with low occupation factors and that 
the group SCN seemed to rotate around the heavy 
centre. 
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A synthetic structure Use of  partial structure 

In order to investigate the power of R A N T A N  for a 
somewhat larger structure, a synthetic structure has 
been tested. Some coordinates were taken from the 
published structure of valinomycin which contained 
two independent molecules with space group P1 (Karle, 
1975). A third molecule was put into an extended unit 
cell obtained by increasing the b axis from 10.360 to 
20.720 A. All atoms were regarded as carbon atoms, 
so the crystal data for the synthetic structure were: 
molecular formula C78; space group P1; Z = 3; a = 
22.285, b = 20.720, c = 14.525 A, a = 90.06, fl = 
105.25, y--- 93.31 °; the number of independent atoms 
was 234. 

The structure factors F c were calculated from these 
coordinates with an isotropic temperature factor of 
4.5 A 2 and then subjected to random errors with a 
uniform distribution between +5% to generate F o. 
There were 13 531 reflexions within the resolution of 
1 .0A.  

R A N T A N  was run in the usual way, employing 900 
reflexions and 13 345 relationships for phase de- 
termination. The random phases with weights of 0.45 
were assigned to 350 reflexions in the bottom of 
convergence map. The best set among 239 trials was 
set 168 with figures of merit as: ABSFOM 1.0322, 
PSIZERO 1.383, RESID 18.69, CFOM 2.8557. The 
E map showed 192 atoms and the remaining atoms 
were readily obtained from the weighted Fourier 
technique. 

C32 
(~CI 4 C~"~ C?~ 

cs~ c~(L-"---Ac,,~Q c1e 

016 ~7 uc~ 
0, ~ 0 ~ 7  c4n,~3~cs 

Fig. 1. The molecular structure of ENNI. 

A number of procedures have been proposed for 
developing a partial structure into a complete one. One 
of them is the use of the tangent formula to refine and 
develop phases obtained from a partial structure 
(Karle, 1976). Normally the complete structure is 
obtained by two or more cycles of partial structure 
development when the partial structure contains 25% 
or so of the total number of atoms. In fact there are 
cases when Karle recycling can give a large structure 
with as little as 5% of the structure in the initial 
fragment and it is, undoubtedly, a very powerful 
technique. However, its main disadvantage is that it is 
not automatic and the process has to be interrupted at 
the end of each cycle to interpret the latest E map and 
to find more atoms to include in the next cycle. 

In the R A N T A N  approach the partial-structure- 
derived (PSD) phases are calculated from a fragment 
and accepted with the same criteria u~ed for Karle 
recycling as in M U L T A N  80: (1) IEhl > 1.5; (2) 
IFhlcalc > plFhlob s, (0.25 _< p _< 0.6); (3) W h >_ 0-75 
(Katie, 1976; Main et al., 1980). Since the scattering 
power of the partial structure is lower and the PSD 
phase error is likely to be high when the partial 
structure contains only 10% or less of the total 
structure, a reduced weight Whr = 2 W  h -- 1 (Whr >_ 
0"5) is assigned to the PSD phase in the starting set of 
R A N T A N .  The normal R A N T A N  procedure should be 
recalled here, that a PSD phase is allowed to change in 
the refinement process if the new phase is obtained with 
a weight greater than its initial weight Whr Two 
examples of this use of R A N T A N ,  which will illustrate 
the details of its application, are now described. 

The first structure was virginiamycin factor-S meth- 
anol solvate (Declercq, Germain, Van Meerssche, Hull 
& Irwin, 1978) which contained 66 independent atoms 
with space group P2~2~2 I. The structure could not be 
solved in a straightforward way by M U L T A N  or 
R A N T A N ,  but could be solved by using Karle recycling 
beginning with the positions of 12 atoms. The numbers 
of atoms in the successive cycles of Katie recycling 
were 16, 26 and 42. The test was carried out with 
R A N T A N  by taking six known atoms which generated 
25 PSD phases, among which there were three PSD 
phases having phase error greater than 45 ° . The other 
reflexions were assigned random phases with weight of 
0.45. R A N T A N  directly found a good solution (set 5) 
with figures of merit: ABSFOM 1.0393, PSIZERO 
1.161, RESID 21.02, CFOM 3.00. The mean phase 
error of this set was 13 ° for 300 reflexions and the E 
map showed a fragment of 52 atoms. 

The second example was Ergocalciferol (Hull, 
Leban, White & Woolfson, 1976) containing 58 
individual atoms with space group P212~21. The 
structure could be solved ab initio by R A N T A N  with 
figures of merit and mean phase error: SET 34, 
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ABSFOM 0.7814, PSIZERO 2.031, RESID 24.01, 
MEAN PHASE ERROR 32 °. The E map showed 45 
atoms from which the six highest peaks were taken as a 
partial structure. There were 59 PSD phases from the 
partial structure, 13 having a phase error greater than 
45 °. The number of reflexions was 332 and the usual 
weights of 0.45 were assigned to other random phases. 
The subsequent run of R A N T A N  with 100 trials gave 
the following good-quality solutions: 

SET ABSFOM PSIZERO RESID 

MEAN 
PHASE 
ERROR 

31 0.8588 1.723 20.26 15 ° 
34 0.8650 1.682 19.87 14 ° 
38 0.8654 1-708 20.24 15 ° 
45 0.7566 1.891 24.18 22 ° 
72 0.8620 1.685 19.96 15 ° 
79 0.8675 1.650 20.21 15 ° 

The use of R A N T A N  in fragment development does 
introduce a new concept in this field - that of a 
multisolution approach. The fragment information, 
used in this way, seems to give one or more solutions 
corresponding to several cycles of the established 
methods but with the advantage that it is automatic. 
Indeed, if some fragment recognition algorithm could 
be incorporated after E-map calculation just to find a 
few well-related peaks then the whole process could be 
automated and quite difficult structures solved without 
user intervention. 

I am most grateful to Professor M. M. Woolfson for 
very helpful discussions and encouragement with this 
project. My thanks are also due to the Royal Society of 
London and the Academia Sinica for their support of 
my stay in the United Kingdom. The help and 
resources of the University of York Computer Service 
are also gratefully acknowledged. 

Diseusslon 

Recent developments in direct methods, e.g. the use of 
magic integers (Declercq, Germain & Woolfson, 1975) 
and of random phases (Baggio, Woolfson, Declercq & 
Germain, 1978) have emphasized the point that it is 
beneficial to use as many reflexions and relationships as 
possible in the initial stages of phase development. 
R A N T A N  represents the most extreme application of 
this principle and, like the aforementioned methods, it is 
comparatively insensitive to individual poor relation- 
ships. An illustration of this was the solution of the 
known, but difficult, structure of guaianolide (Posner, 
Pahiak, Loomis, Frazee, Mittal & Karle, 1981). This 
structure is characterized by a number of very poorly 
satisfied relationships, both triplets and quartets, 
involving large E's and MULTAN, which used some of 
the poor triplets at an early stage, was unable to solve 
the structure. R A N T A N  solved this structure quite 
easily giving all but one atom in the first E map and it is 
interesting to note that it could also readily be solved by 
the magic-integer-based program MAGEX (Zhang & 
Woolfson, 1982). 
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