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significantly affect the observed difference between B(Na) 
and B(C1). (3) The reliability of X-ray B values depends on 
the reliability of theoretical scattering factors used. How- 
ever, since the effect due to crystal environment appears 
only at lower values of sin 0/2, the B values obtained in 
this study do not much depend on the choice of theoretical 
scattering factors. (4) A difficulty which is special to this 
crystal is that the odd reflexions are all weak. To check the 
influence due to the errors in these weak reflexions, the in- 
dividual B values were determined with various combina- 
tions of odd structure factors. The resultant values were 
found to be consistent within 0.02 A z. 

Further theoretical consideration seems to be wanted in 
order to explain the too large difference as observed be- 
tween B(Na) and B(C1). 
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To obtain data capable of yielding an R factor of 10% the total number of counts per reflexion need not 
exceed 25, for low background reflexions, rising to 125 for a peak to background ratio of 1-5. An equation 
required to develop a constant-agreement analysis is derived which is based on a constant-count type 
experiment. 

It has been shown (Killean, 1967) that a constant-count, as 
distinct from a constant-time-per-reflexion diffractometer 
experiment, has certain advantages. In view of the high 
capital cost of automatic diffractometers it is relevant to 
consider what numerical value this constant count should 
be to achieve a given reliability index and, for the purposes 
of this paper, an ideal diffractometer experiment in which 
the errors in the data are due only to counting statistics is 
considered. 

A constant count experiment gives 

iFo(h)lZ = K{N(h) -  B(h)} 
Lpt(h) ' 

where Lp is the Lorentz-polarization factor. N(h) the num- 
ber of counts integrating through the peak, B(h) the accu- 
mulated background counts, t(h) the time taken to achieve 
the constant count {N(h)-  B(h)} = C, and K is a scale factor 
required to place the structure factors on an absolute scale. 
In an actual experiment it will not be possible to achieve 
{N(h)-B(h)} constant but small departures from con- 
stancy will not alter the subsequent order of magnitude 
analysis. It follows that 

IFo(h)l {N(h) + B(h)}* a{ lFo(h)l } = ~t - C - -  

and by making the usual assumption that 

a{IFo(h)l} -a{IFo(h)l-  IFc(h)l } 

the expected R value as a percentage is given by 

R< Z a{lFo(h)l-_l_ez(h)_l}_...._l_ O0 
~7 IFo(h)l 

_ 50C { . z  {N(h)+B(h)}~lFo(h)l}z IFo(h)l 

C* z IFo(h)l " 

It is usual in a diffractometer experiment to define a peak 
to background ratio below which a reflexion is considered 
to be unobserved. Let this ratio be r. Then 

N(h)/B(h) > z 
and 

0 < 2B(h) < 2 
C ~ - 1 '  

which leads immediately to upper and lower limits for R. 

Table 1. Numerical values of C(r) and N(r) giving a theoretical R factor of  the order of  10 ~o 

1/z 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
C(z) 25 31 38 47 58 75 100 142 225 475 oo 
N(r) 25 34 47 67 97 150 250 473 1125 4750 oo 
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50 < R <  50 ~'~-+1"~ * 
c-- ~ _ ~ L ~ j  

Although peak to background ratios of less than two 
are not uncommon these will usually be associated with 
very small structure factors which will have very little effect 
on R. A working assumption is to take the extreme value 
of r equal to two. With this assumption 

50 85 
< R <  

C ~ - _ ~ 

For most stereochemical purposes an R value of 10 % is 
perfectly acceptable, implying that from 

2500/R2 < C < 7225/R2 

25 < C < 7 2 .  

It is difficult to conceive what the purpose of collecting 
to an R of better than 1% would be at the present state of 
diffractometry and for this 

2500 < C < 7225. 

Consequently, for most purposes, to collect more than 
a few thousand counts per reflexion in a constant count 

experiment would be difficult to justify, as in a real experi- 
ment the non-random errors of setting, extinction and ab- 
sorption probably limit R to above 1 %  independent of the 
value C. Indeed, ignoring these non-random errors, it is 
possible to modify the constant count experiment so that 
an agreement analysis would give constant values with 
(IF(h)l) and (sin 0) as variables. In order to do this it is 
only necessary to make C a function of r, 

C( r )=  (--~-)2 { li + !-/z ] , 
- 1 / z J '  (1) 

or in terms of the integral peak count 

[(1-- ]?~-YJ" 
Table 1 gives the values of C(r) and  N(r) to yield an 

R value of 10 %. These counts must be multiplied by 100 
to give the corresponding values for an R of 1%. 

Equations (1) and (2) are the basic planning equations 
for a constant agreement analysis diffractometer experiment. 
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A plausible structure analysis, based on a 7-fold excess of three-dimensional data to parameters and refined 
to an R value of 12%, proved to have many errors in molecular dimensions - some of them as much as 6 
times their estimated standard deviations. 

We have recently (1967) completed an X-ray structure an- 
alysis of potassium hydrogen di-aspirinate, KH(C9H704)2. 
Our final results were based on some 2700 diffractometer 
intensity data (Mo radiation); with R reduced to 9.9 % 
and a 19-fold excess ratio of observations to parameters, 
our average estimated standard deviations of position, a(r), 
were 0.0026A for O, 0.0033 for C, and 0.06 for H atoms. 

Our experience at an earlier stage of this work seems 
worth setting down. We performed a preliminary refine- 
ment based on 700 non-zero reflexions (Cu radiation, care- 
ful visual estimation of intensities, hOl to h31 with b =  
7.2/~). In this we had a 7-fold excess of observations and 
R was reduced to 12.3 %. Average values of a(r) are in- 

Table 1. Average standard deviations in preliminary analysis 
and average shifts after final analysis (A) 

X'=xa sin t ;  Z'=xa cos fl+ ze) 
X' Y Z'  

Preliminary analysis, a(r): 
O atoms 0.005 0.009 0.005 
C atoms 0.008 0.014 0.008 

Shifts to final parameters: 
O atoms 0.010 0.015 0.007 
C atoms 0.014 0.029 0.015 

cluded in Table 1. By these criteria, we expected the pre- 
liminary results to be reasonably reliable, at least so far as 
positional parameters were concerned. 

This expectation is not borne out by the changes in 
absolute coordinates whose average values are also shown 
in Table 1. Bond lengths derived from the preliminary an- 
alysis were in error by up to 0.045/~ (C-O) and 0-070 (C-C). 
The greatest shifts, naturally, were in Y; but those in X '  
and Z '  averaged about double the respective standard 
deviations. 

Exercising hind-sight, we can now see good reasons for 
the fallibility of the preliminary analysis. (Such reasons 
are our failure to correct for absorption, when/1 was 30-6 
cm-1 and the crystal a thin plate of notably anisometric 
cross-section, and our use of intensity data with limited 
coverage of reciprocal space in the b* direction. In such 
circumstances estimates of standard deviations seem to be 
much too optimistic.) Nevertheless many analyses with 
credentials that look less plausible are on record in the 
literature - some of them by one of us. 
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