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A representative sample of integrated intensities was measured for each of six different crystals of 
~-glycine using the same diffractometer. Examination of the results showed that the reproducibility of 
the diffractometer was of the order of ½ % in integrated intensity, and intercomparison of the six sets 
revealed that the main sources of error were associated with the individual crystals. The errors are 
principally correlated with increasing intensity and appear to be due to extinction. The analysis in- 
dicates that not only the strongest but almost all reflexions were affected, with extinction coefficients 
which were roughly a linear function with i ~/2. In addition, there is considerable evidence that the ex- 
tinction effects are anisotropic. 

Introduction 

An accurate knowledge of structure factors is of vital 
importance in gaining a deeper understanding of bond- 
ing and vibrational phenomena in the crystalline state. 
It is difficult to assess accuracy, however, as there is 
no simple independent technique to compare with the 
conventional methods of measurement. The work on 
Pendell6sung fringe measurements (e.g. Hart, 1969; 
Kato, 1969) is of great value in special cases, as are 
intensity measurements from perfect crystals (e.g. Jen- 
nings, 1969; Renninger, 1969), but because of the strin- 
gent experimental requirements the range of results 
available is rather limited. Intensity-measurement proj- 
ects, however, are capable of placing a lower limit on 
experimental error, though by their nature this limit is 
likely to be optimistic. Mathieson (1969) has classified 
such projects as shown in Table 1 and described their 
scope and the kind of information that can be gleaned 
from each type. 

as the standard material (Abrahams, Hamilton & 
Mathieson, 1970). The r.m.s, reproducibility within the 
intensity measurements from one crystal was approxi- 
mately 3 % which agrees well with the ACA estimate 
of instrumental error. However, comparison of inten- 
sity measurements from different crystals gave a mean 
discrepancy of about 12 %. From this it was concluded 
that the crystal is a much larger source of error than 
the apparatus or measuring procedure used. Again both 
angle and intensity dependent errors were observed 
and also some techniques were found to yield signif- 
icantly poorer results than the rest. 

To complete the set of project types and if possible 
to make a more detailed analysis of the nature of the 
error sources indicated by the I.U.Cr. and A.C.A. 
work, a type I project has been undertaken, the results 
of which form the basis of this paper. It is of interest 
at this point to note the pioneer work of Wheeler- 
Robinson (1933) who also effectively carried out a 
type I project almost four decades ago! 

Table 1. Project classification 

Type  I 1 diff ractometer  is used for measurements  f rom n 
crystals. 

Type  II n diffractometers  are used for measurements  f rom 1 
crystal.  

Type  III  n diffractometers  are used for measurements  f rom n 
crystals. 

A type II project has been conducted by the Ameri- 
can Crystallographic Association using a spherical crys- 
tal of CaFz. The results are analysed by Abrahams, 
Alexander, Furnas, Hamilton, Ladell, Okaya, Young 
& Zalkin (1967) and a more detailed account is given 
by Mackenzie & Maslen (1968). From these papers it 
appears that, in the main, the instrumental error causes 
an r.m.s, deviation of about 2-3 % in integrated inten- 
sity and that some experimental procedures had angle 
or intensity-dependent sources of error. 

The International Union of Crystallography has 
sponsored a type III project using o-(+)- tar tar ic  acid 

Design of the experiments 

The initial stage in planning the series of measurements 
was to list possible sources of error in intensity meas- 
urement and the parameters on which they depended. 
Measurement sequences were then chosen to reveal 
any dependence of experimental error on these param- 
eters and where possible to indicate the physical phe- 
nomena involved. However, as a faulty diffractometer 
would obscure any differences between crystals, the 
first measurements took the form of rigorous experi- 
mental tests of the diffractometer. 

The anticipated sources of error were absorption, 
extinction, physical or chemical deterioration of the 
crystal, radiation damage, machine malfunction or in- 
stability, variation in air absorption of the X-ray beam 
and possibly double Bragg scattering. The parameters 
most likely to be associated with these sources of ex- 
perimental error were considered to be the size and 
shape of the crystal, the setting angles and intensity 
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Table 2 .  T h e  h k l ,  s e t t i n g  a n g l e s  a n d  i n t e n s i t i e s  f o r  t h e  

s i x  oc-glycine c r y s t a l s  

(N.B. T h e  ijth element of  each 1 0  x 1 0  array corresponds  to 
the reflexion denoted  by the ijth set of  Miller indices).  
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s v . v 0  ~ : . s ~  ~ 1 . 8 ~  0 1 1 . 9 8  
2 4 . ~  4, .73 aO.O~ ~2.4~ 4 ~ . V °  2 ~ . 0 0  
ZU. /O  7 0 . 1 ~  1 ~ . ° 0  ° . 0 °  5 4 ,  0 5 . 4 '  
4 ~ . 5 9  7 1 . 5 1  0 1 . 8 6  ~ 1 J 8 6  5 7 . 5 N  
5.91 ~ 4 . 4 5  2 o . ] 5  5 1 . ~ ,  g + 4 . Z +  

1 0 . 6 6  1 6 . 4 6  5 . 0 0  1 7 .  ° ~ 7 . 9 4  
oz.~s ~ s~ . , s  ~a.4s ~ 2 . S 6  41.15 
2V.4~ 4 . 5  ~ . 0 1  ~ . 1 4  ~a.~6 
3 1 . u l  2 1 . 6 0  , J .so  26.14 ~ 0 . 4 ~  1 2 . ° ~  

(~ SETTING ANGLES 
o~.g~ o ~ . ~  1oo.oo o oo.a~ zao.go 

1 s o . o o  1 8 o . o o  l ° o . o o  o ~ . 4 ~  1 o o . o o  
1 * 0 . 2 o  3 ~ . 4 5  l a t . a ~  o x , 8 . a o  4 ° 0 . 0 0  
121.a? 60.17 o 1 2 9 . 1 0  1 4 e . ~  4 ~ . 9 o  
12~.2~ SS.~5 6 8 . 2 ~  l ° o . o o  1 ~ 0 . 2 0  
z 3 ~ . ~ l  1 o , . 2 ~  3 5 . 4 0  1 2 4 . a ~  o 0 5 . 4 5  

12.74 60.2~ 60.21 431.31 I~4.27 4t0.00 
1 2 1 . ~ ,  t 0 4 . 0 8  4 E 0 . 0 n  o ~ 1 . 0 3  1 6 4 . 2 7  

1~'74 0~'2 ? 6ff.27 109.29 4~0.00 47.96 
4~.0° 0~.2~ lO0.O0 ~2.53 l ~ l . a ~  t 5 ~ . 1 0  

2 0 VALUES 

a4.oe io.~ x%o4 Io.I~ ~o.1¢ 1~.ao 
20.v5 ~S.42 2s.5~ 2 e . 5 s  3o.13 35.15 
~ + . ] 0  4Z,Op 4 4 , a S  4 a . a +  4 ~ . 4 ~  Se.+O 

63 .~  6 2 . 0 *  6 5 . 5 S  ~+.o~ , + . °a  04 . ' *  

8 0 . ' 5  S ~ . ~ 5  ~ . ; i  ~ l . 4 s  0 0 . 0 6  17.04 
9 4 . a 0  1 0 0 . 9 8  9 z . 2 ¢  9 a . 2 0  ~ 2 . 6 3  1 n o . + °  

1 0 3 . 0 0  ZOO.*1 1 1 0 . 9 3  l n ~ . 4 ~  1 1 1 . 6 5  1 0 S . 9 0  
114.51 172.15 114.52 123.01 122.2e 12o.71 

CRYSTAL 1 INTENSITIES 

2 1 v 5 ~  l a s t o  1 s 5 9 7  1 6 7 B ]  9 0 0 3  o q e l  
412~$ z o e v 9  1 5 9 7 3  1 3 5 ~ 1  1 5 9 4 1  7694 24,4, ~,0, 5.+ ~ : ~.,. .35 

0 ~ 5  0 ~ 4 6  ~ l s s  [ 3 2 v ~  2 ' ~  
++02 + 4 ° 0  4 l + ^  +, s 03+4 1003 
4 ~ 0  2 0 / 0  t+vo z , ~ ,  : 14 '  
4 2 ' '  260o z,o? 73~2 2oe~ 1 ) 1 4  
1 7 9 3  4°53 129] 4~10 g96 0 0 7  

1 1 6 7  1 2 6 0  116~  9 0 3  " ~ 3  

CRYSTAL 2 INTENSITIES 
2454~ t ~  ~341~ ~4.,10 ~0~4~ qO~5 
6UV*~ a O ~ t  z o ~ ^  aosas t+sS~ 013~ 
Z;~O5 ~ v 5  5 4 5 ~  S~X~ ~21 4 ~  

VSO~ 0 3 4 4  ~O�O 5nO t SSP 1 SSO~ 
• oo~ ~ 5 4  4 5 ~ 0  ~7~S s~16 zx4~ 
4 , ~  al~o al~3 i005 z 4 l n  t ao~  
~3ol 4o2~ a°~4 a~,a x+aa 110~  
x 0 9 4  1 6 3 ]  12~o 1sam 1o25  N0$ 
xm2o X35^ 1184  10~6  s 6 3  ~5o 
l,~n 1~5~ l t v 0  101~  ~+~ 71o 

CRYSTAL 3 INTENSITIES 
2 ° 2 ° 7  2 1 7 4  a 1161~ 1 S 3 4 ]  l i ] ~ a  ? ~ S .  o~r/o 1145  4 1 4 ~  334 
3 7 o 5 a  t e l l °  16304 1 5 4 0 7  i n ° e l  7 6 1 2  ~1~7  I 1 ~  6 e  h 15 ? 
24130 ~?17 ~X06 ~480 ~?Ol ° S t 0  12,$ ~3~I °3an  ~on 

. . . . . . . . . . . . . . . . . . . . . . . .  ::~ 12:: . . . . . . .  , s z ~  a o 4 1  ao~, 1~51  1 * 5 5  1 1 ° a  4 ~  a x ~  

x+oa 11~5 115~  t, z2 s t o  ~ .  401 ~aa 101 

CRYSTAL 4 I N T E N S I T I E S  

~u~OS 1~4o~ l v s ~  XOOV* 1~1~7  ~06~ ~ I 4 e  
~ *  ~ ^  sot~ 5 1 6 °  s~1~ S40~ a2sn 

• , ~  5 ~ , o  ~ o s ,  4~1~ ~4~S 3 0 1 ~  aaz5 
5~S~ *ou~ ~ l v s  4~05  o s ~  2 1 ~ 2  15~e  
3 u 3 o  ~o0, ~ox~ , s ~  1~0~ 115~  4n11 

lhV3 1391 121~ 1004 A~4 64fl 

CRYSTAL 5 INTENSITIES 

~V4~ o o ~  *64N 3~t~ 3 1 o !  211o 1575 

~no4  0 0 4 7  $094 ~0~4 212~ 1]o3 94~ 
18o4  10e1  ! 0 ° ¢  I ] 1 ~  1 ¢ ~  7 e l  4¢0  
xa~? 1444 1~04 1031 7q~ 8 1 6  

for a given reflexion and the environmental variables" 
temperature, air pressure and time. Errors arising from 
incorrect scan procedure or thermal diffuse scattering 
were considered to be undetectable in these measure- 
ments since they are essentially independent o f  the 
particular crystal used. 

The e form of  glycine was chosen as the standard 
~ ~ : I ° compound for the measurements, as on preliminary 

~:.~,..,0 ,~:"~ o,0~:'0"~2 i!.,:: test it appeared very stable to X-rays and to the at- 
,,0 0 3 ' ,~, , '  : ;  ~, } mosphere, and also as it may be easily crystallized in 

a wide variety o f  habits by cooling a warm saturated 
aqueous solution. Further, these crystals are not prone 

. . . . . . . . . . . . . . . . .  to twinning, have excellent faces and exhibit very little 
l s . ~  t e . n s  47.'~0 5 9 . ~ 0  

. . . . . . . . . . . . . . . . . . .  diffuse scattering at temperature The crystal is . . . . . . . . . . . . . . . . .  ,. room . 

. . . . . . . . . . . . . . . . . . . .  monoclinic with space group P 2 z / n  and the structure 4 2 .  ,e 5~. ~ ~ * .  ~ 40.0~ 

, 3 . , ,  . . . . . . . . . . . . . . . . . . . .  ,,.,, 2 l . , ,  , , .o~ has been refined by Marsh (1958) on the basis o f  film 
data. 

The measurement sequence eventually devised, to 
. . . . . . . . . . . . . . . . . . . . . . .  isolate the error sources mentioned, was as follows. A 
$5.4 ' ;  4 7 . 0 °  4oo.on 1;11./? 

4,.,, . . . . . . . . . . . . . . . . . . . . . .  ,,., 0 12, . , ,  selection of  100 reflexions were chosen from one quad- 
6o .a~  1 2 1 . a ~  o 1 0 . 4 1  

. . . . . . . . . . . . . . . . . .  ,0., ,31., l,.,, 5,.,, rant o f  reciprocal space such that they gave a repre- 
. . . . . . . . . . . . . . . . . . . . . .  sentative sample of  intensity with the diffractometer 

setting angles Z, q~ and 20. After these had been mea- 
. . . . . . . . .  , . . . . . . . . . .  sured, the 100 symmetry-related reflexions were to be 
. . . . . . . . . . . . . . .  :::r measured in the same sequence; the ratio o f  symmetry- o1 .1 ]  59.5~ o l . l o  

,4.,, . . . . . . . . . . . . . . . . . . . .  , . .~ ,  ,,.0, ,o1.l. related intensities would then reveal any subtle time- 
400 .0 t  toa .  OZ lO , .as  xO0.~" 

. . . . . . . . . . . . . . . . . . . . . . . .  dependent errors as well as gross machine errors. Fol- 
lowing this a small sample o f  reflexions were to be mea- 
sured at 2n/11 intervals about their scattering vectors, 

. . . . . . . . . . . . . . .  tig rpti , , 4 .  . . . . . . . . . . . . . .  , 2 , ,  . 4 2  ,0 .  to inves ate abso on, extinction and, to some ex- 
a t o ~  ~ ~vt  S4~ z~*  

. . .  . . . . . . . . . . . . . .  . , .  . . .  tent, double Bragg scattering. The 0k0 reflexions were 
.10 ~: . . . . . .  lig ,,, . . . . . . . . .  .2, ,o. ::: selected as all crystals were to be a ned about + b  

and hence their scattering vector would coincide with 
the 0-axis which simplifies matters experimentally. The 

. 2 ,  . . . . . . . . . . . .  , 1 .  . 1  ;:: 004 was nominated as a reference and this was mea- 
~ 3 4 3  1 0 1 4  

. . . . .  :~: ~:: ,,3 sured at least once every 50 reflexions to monitor crys- 
,,0"10 ;~: ~;: 1::"° tal deterioration and radiation damage. Atmospheric 
~ 3  440 a ~ $  1~9 

pressure and ambient temperature were recorded 
throughout the period of  measurement. The indices o f  
the 100 selected reflexions are listed in Table 2. 

CRYSTAL B IN ' I 'ENSmES 

, 6 a 5 1  4 4 ^ 2 ~  l e ~ 6 *  4111.1 , 5 ~ 9 0  1 3 3 3 ~  0 ~ , 6  1 1 0 7  1 / 4 ~  ~¢A 
l e o n 1 °  4 1 0 5 ~  ~ 6 1 1  .~1204 s ~  t 1 ~ 5  1 5 ~ ,  124~  0 0 3  1 ~  
6151~ 1o*o1 ~ 9 ~  113o 4~55 4T4 ~ l ~ $ ]  ~ , 0 1  1 1 ~  ~v 7 

. . . . . . . . . . . . .  z . . . . . . . . . . .  . ' 7 ~ 1  . . . . . .  
o ? n o  z ~ 0 0  1 5 4 a  1 O | ~  1 , o |  1 0 5 3  4 0 ?  ~ g ,  
nv~o ] t 3 2  3 5 ; a  ~ o ~  1~2o l i t °  ~ ,  ~1~ 4~a 1o~ 
i , v s  10o~ 1 1 0 1  I ~ S l  1 o ~  50~  ~60 ~ 0 l  
1m¢~ 1 5 1 ~  1~91 1~1 ~ 7aa  a l& 6 2 3  114 ? 4 6  1 ] ~  
x~¢1 4~41 11~3  l ~ n  s ? 1  ~ n  , D  ~os 2¢1 1~1 

Preliminary tests of  dilfractometer performance 

In both the I.U.Cr. and A.C.A. projects, little stress 
. . . . . . . . . . .  was laid on preliminary testing of  the performance of  
t 1 2 4  6 1 ^  I ' "  
~ 3 1 0  g a 0 x  0o~ . . . . . . . . . .  the various functions of  the diffractometer. It is, how- x07t  S a c  l ¢ S  

^os 4~2 2 z l  

. . . . . . . . .  ever, possible to test all the theoretical requirements 

. . . . . .  ::; experimentally, and so establish, if not eliminate, the 
sources o f  instrumental error. The testing sequence 

::,~ l:~: 3. used here revealed several unsuspected error sources all 
~:;: '4;; ~:; o f  which may be easily corrected. 
lZ!I ..,~:; !ii The theoretical model,  usually used to represent the 

104  43 

• . ,  . . . . . . . . .  3,, ,,. measurement of  a single-crystal integrated intensity, 
makes the following assumptions about diffractometer 
performance.* 

* The figures in brackets summarize  the est imated standard 
deviat ions  in integrated intensity f o u n d  during the course  o f  
these tests. 

A C 28A - 7 
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1. The X-ray beam at the crystal is: 
(a) of  constant intensity with time (<  0.07 %) 
(b) of  constant flux across the region occupied by 

the crystal (0.07 %) 
(c) of  known degree of polarization (<  0.25 %). 

2. The crystal is: 
(a) in the homogeneous beam at all times (0.0 %) 
(b) is set correctly to the diffracting angle (0.01%) 
(c) is rotated at the same constant angular  velocity 

with respect to the beam for all scans (0.3 %). 
3. The detector system: 

(a) has constant sensitivity over the whole of the 
sensitive area (0.4 %) 

(b) has constant sensitivity with time (<  0.07 %) 
(c) has a linear response within the working range 

(0.2%) 
(d) either receives or is sensitive only to mono- 

chromatic radiat ion ( < O. 1%) 
(e) receives all the diffracted beam (0.0 %). 

The extent to which each of these conditions was ful- 
filled was tested in the following way. 

First, the mechanical  al ignment of the machine was 
examined and the relevant adjustments made. This 
established that provided the correct setting angles 
were used, the diffracted beam would always go down 
the centre of  the counter coll imator;  later the aperture 
was shown to be more than adequate by slowly closing 
left/right and top/bot tom shutters on an actual reflex- 
ion. Thus condit ion 3(e) was fulfilled. Condit ion 2(a) 
was also partially met in that for all possible crystal 
settings the crystal remained at the same point  in space 
to within + 0.025 mm, and later it was shown that this 
point  corresponded to the centre of the homogeneous 
beam. 

Next, a lead sheet containing a small pinhole was 
mounted on a goniometer head in the crystal position 
and the resulting direct beam was monitored by the 
stationary detector, which in this case was a NaI(TI) 
scintillation counter. Counts of  400 sec were taken at 
a rate of  10,000 cps over a period of 3 hours and the 
total variation of the individual counts was + 0.15 %0; 
the combined e.s.d, for the stability of  the X-ray source 
and the counting chain was found to be less than  

Table 3. Dimensions of crystals (numbered 1-6) used in this Type 1 project 
Lengths quoted are perpendicular distances in microns to the crystal faces from an arbitrary origin within the crystal. 

1 2 3 4 5 6 
Face d Face d Face d Face d Face d Face d 
010 57 100 64 010 111 010 49 010 66 010 22.2 
0T0 45 TOO 67 0T0 141 0i0 44 0T0 99 0i0 26.6 
011 104 110 105 601 251 011 68 120 100 011 31-1 
01T 60 T10 103 TOO 180 011 58 T20 101 01i 28.9 
011 71 On" 120 011 60 TI0 208 011 56 110 53.4 
021 109 01T 98 01T 78 310 192 011 50 110 40.0 
i'T0 96 011 91 0Ti 82 
TIO 82 OT1 106 oT1 107 
110 123 

Average 
R.m.s. deviation 
from mean 
(%) 0.63 
% e.s.d, due to 
counting 
statistics 0.27 
% e.s.d, due to 
other sources 0.56 

Table 4. Analysis of reference reflexions 
Count measurements are given in order of time increasing down the column. Crystals numbered as in Table 2. 

1 2 3 4 5 6 
Peak Peak Peak Peak Peak Peak 
count Bg.* count Bg. count Bg. count Bg. count Bg. count Bg. 
13237 (275)  20815 ( 3 7 7 )  47436 (897) 21443 (409) 19695 (368) 1527 (47) 
13243 (270)  20662 ( 3 8 6 )  4 7 4 5 7  ( 8 6 3 )  2 0 7 1 6  (398) 19707 (371) 1501 (46) 
13253 (279)  20793 ( 3 8 1 )  47290 ( 8 7 7 )  20714 (400) 19523 (358) 1534 (48) 
13289 (275)  20610 ( 3 7 3 )  47179 (830) 21415 ( - )  19609 (357) 1525 (50) 
13151 (277)  20493 ( 3 9 6 )  47224 ( 8 5 1 )  21324 (352) 19569 (365) 1535 (49) 
13042 (256)  20551 (378) 47251 ( 8 6 9 )  2 1 0 4 7  (388) 19604 (355) 1504 (49) 

[12641 (2031)] 21014 (392) 
[12653 (2132)] 21460 (598) 

21372 (396) 
21753 (402) 

13206 + 83 20654 + 115 47206 + 122 21226 + 322 19618 + 67 1521 + 14 

0.56 0-26 1.52 0-34 0.92 

0-22 0"14 0.22 0.22 0.81 

0.51 0.23 1"50 0.26 0-44 

*Bg. = background in parentheses. 
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0.07 %. This period includes the maximum fluctuations 
in supply voltage and ambient temperature which the 
apparatus was likely to encounter under normal work- 
ing conditions. Thus the criteria l(a) and 3(b) are well 
satisfied. 

Using the pinhole as a fine collimator and the X-ray 
generator as a standard intensity source, a counter step 
scan was carried out to verify that the active area was 
of uniform sensitivity. The e.s.d, for a series of 26 con- 
stant time counts of about 105 at 0.2 mm intervals 
across the face was 0.45%. This, compared with a 
counting statistical e.s.d, of 0.27%, means that con- 
dition 3(a) is well fulfilled. 

As the sheet with the pinhole was mounted on a 
goniometer head and since the counter response was 
shown to be uniform over its active area, it was pos- 
sible to monitor the X-ray flux at the crystal by adjust- 
ing the traverse slides and the x-circle. It was dis- 
covered that, at low take-off angles, the beam homo- 

CRYSTAL NO. I 2 3 

VOLUME 39 8 3  151 

CRYSTAL NO 4 5 

VOLUME 4 5  71 

zS > 

Fig. 1. Sketches of  the six crystals used on approximately the 
same scale. (Volumes are in 10-4 mm3). 
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Fig .  2. A p l o t  o f  i n t e g r a t e d  i n t e n s i t y  d i v i d e d  b y  the  s y m m e t r y -  
related intensity as a funct ion of  sequence of  measurement .  

geneity is substantially affected by absorption of the 
X-rays in the target (Denne, 1970a) but at 5 ° the flux 
over a circle of 1 mm diameter was found to be con- 
stant to an e.s.d, of 0.07 % using point counts of about 
10 6. Thus condition l(b) is also adequately satisfied. 

By adjusting the pinhole to the centre of the circles 
and measuring the translation required to reach the 
edge of the beam in a number of different directions, 
it was simple to verify that the centre of the circles 
coincided with the centre of the X-ray beam, as was 
anticipated from the mechanical alignment procedure. 

Crude measurements using a counter and scattering 
block mounted on the x-circle have confirmed the find- 
ings of Bearden (1928) and Wollan (1928) that char- 
acteristic radiation is unpolarized to within 1.0%; 
further, transmission through typical nickel fl-filters 
does not cause significant polarization in spite of the 
preferred orientation induced by the rolling of the foils. 

The response of the counter was found to be linear 
to 0.2% up to 12,000 cps by measuring the peak 
counting rate of a given reflexion against tube current. 
At 8000 cps, aluminium attenuators are automatically 
introduced and the reproducibility and calibration of 
the attenuation factors were also established to better 
than 0.2 %. 

The system is made sensitive only to Cu K~ radia- 
tion by a nickel fl-filter and pulse height discrimination. 
To test the efficiency of this system an NaC1 crystal 
was mounted and the spectrum given by a strong re- 
flexion was recorded from 2 = 0.4 to 3.0 A. The result- 
ing spectrum showed that at no wavelength was the 
system's response greater than 1% of that for charac- 
teristic radiation and that after background correc- 
tion, second and third harmonic radiation errors were 
less than 0.1%. 

The constant scan velocity condition, 2(c), was tested 
using a moir6 fringe device and the details of this test 
are to be published elsewhere (Davies, Denne, Haines, 
Mackenzie & Mathieson, 1972). The reproducibility 
was found to be better than 0.3 %. 

However, repeated measurement of a given reflexion 
revealed quite appreciable variation, which was traced 
to play in the goniometer head. This effectively mod- 
ifies the scanning velocity (Denne, 1970b) so the best 
conventional head available was used with careful tem- 
perature control.* 

The remaining stipulation, correct setting to the dif- 
fracting condition, is rather difficult to test. Even 
though in repeated trials the setting mechanism may 
appear to be working perfectly, faults may be inter- 
mittent and/or infrequent. However, the design of the 
measurement sequence is such that this type of fault 
should be made evident by the results. 

The combined r.m.s, instrumental error was thus 
found by these measurements to be less than 0.6 % in 
integrated intensity. 

* This work was performed before conical goniometer heads 
were available (Denne, 1971). 

A C 2 8 A  - 7 *  
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E x p e r i m e n t a l  

Crysta ls  o f  e-glycine were g rown by pour ing  a small  
quan t i t y  of  w a r m  sa tura ted  aqueous  so lu t ion  on to  a 
large glass slide; crystals  up to 0.3 m m  across were 
fo rmed  wi th in  abou t  10 minu tes  and  it was hoped  tha t  
this rap id  rate of  g rowth  would  give rise to a h igh  
degree o f  mosaici ty.  Six crystals  were selected f rom 
several different  c rys ta l l iza t ions ;  they were chosen  to 
give a wide range  of  shapes  and  sizes. Sketches of  the 
crys ta l  habi ts  are shown in Fig. 1 and  thei r  d imens ions  
in Table  3. 

The  measurement s  were t aken  using Cu  Ke radia-  
t ion  wi th  a 5 ° take-off  angle,  a t ube -window to crystal  
d is tance  o f  18 cm, and  crys ta l  to de tec tor  d is tance  of  
24 cm. In teg ra t ion  was by means  of  an  09/20 scan of  
2 ° in 20 plus a small  0 -dependent  inc rement  equal  to 
twice the cq--~2 split t ing. The  scan speed was 0 .5°/min 
in 20 and  po in t  b a c k g r o u n d  counts  of  40 sec each 
were t aken  at  bo th  l imits o f  every scan. All  crystals  
were a l igned abou t  b and  had  c* in the p lane  of  the 
z-circle for zero ~. 

A p a r t  f rom runs  1 and  4, the measuremen t s  went  
as p lanned .  Due  to c o m p u t i n g  problems,  run  1 was 

comple ted  in two sect ions;  the  first 40 reflexions were 
fol lowed by the 40 symmet ry- re la ted  reflexions and  the 
r ema in ing  two sets o f  60 in the same sequence.  Af te r  
the ro ta t ion  abou t  ~0 measurements ,  a few mispunched  
ins t ruc t ion  cards were run  again.  Dur ing  run  4, the  
ou tpu t  mechan i sm failed and  m a n y  cards were punched  
wi thou t  recording  counts ,  which  entai led re - runn ing  a 
section o f  the measurements .  The  crude results  are 
avai lable  on request  f rom the author .  

E x a m i n a t i o n  of  the ou tpu t  revealed tha t  gross ma-  
chine errors  had  occurred  for 10 reflexions out  of  the 
1500 measured ;  of  these,  6 were no t  p r in ted  ou t  be- 
cause o f  card  punch  fai lure and  the r ema in ing  4 were 
consecut ive measuremen t s  in run  5 where  the back-  
g round  counts  h a d  spur ious ly  high values, poss ib ly  on 
accoun t  of  mis-set t ing errors.  

The  measuremen t s  were conver ted  to in tegra ted  in- 
tensit ies by sub t rac t ing  the appropr i a t e ly  scaled back-  
g round  coun t  f rom the peak  count ,  mul t ip ly ing  by an 
a t t enua t ion  factor  where necessary and  app ly ing  an  ab- 
sorp t ion  correc t ion  by the me thod  of  Busing & Levy 
(1957). S t anda rd  devia t ions  were calcula ted on the 
basis of  coun t ing  statistics,  due care be ing t aken  to use 
the actual  n u m b e r  of  p h o t o n s  reaching  the detector  in 

Table  5. Tests of reproducibility between symmetry-related reflexions 

(a) Overall % r.m.s, deviation 
Run number 
% r.m.s, dev. 

1 2 3 4 5 6 
5-5 2.7 2.3 6.1 3.1 2.7 

(b) % r.m.s, deviation as a function of Z 
Z range 0 -  

10 ° 
No. of refs. 15 
Expt. no. 

1 2"8 
2 3.2 
3 2"0 
4 6.1 
5 5-7 
6 2.3 

1 0 -  2 0 -  3 0 -  4 0 -  5 0 -  6 0 -  7 0 -  80-- 
20 ° 30 ° 40 ° 50 ° 60 ° 70 ° 80 ° 90 ° 
13 19 15 13 13 7 3 2 

5.2 7.0 5.0 5.4 7"6 3.7 2.4 1.8 
2.2 3.1 1.4 2.3 2-6 1.9 2.9 5.7 
1.7 3.1 1.7 1.4 2.1 1-8 4.6 4"5 
7.8 5.1 5.8 4-1 7.4 4.3 3.2 11.6 
7.9 3.2 3.5 2-7 2"7 3.9 5.7 0.6 
2.3 3.6 3.8 2.0 2.2 1.7 1.4 0.2 

(c) % r.m.s, deviation as a function of tp 
~0 range 0 -  

20 ° 
No. of refs. 16 
Expt. no. 

1 7"4 
2 2"0 
3 2.3 
4 10"3 
5 3-6 
6 2.4 

2 0 -  4 0 -  6 0 -  8 0 -  100- 120-  140- 160- 
40 ° 60 ° 80 ° 100 ° 120 ° 140 ° 160 ° 180 ° 
12 6 12 3 5 19 10 17 

5-5 3.5 3.0 3-5 3.0 4.6 5"8 6-5 
3.0 4.3 2.8 0.3 1.5 2-3 2-6 3.0 
2.3 1-7 2.1 0.7 2.2 2-7 2.3 2.3 
6-3 3.2 3.7 0.7 1.0 2.5 5.2 7.7 
2.0 2.0 4.4 2.1 1.9 3.1 6"6 7-4 
3.5 5-7 2.7 2.4 1.8 2-2 1.6 2-3 

( d ) % r . m . s .  deviation as a function of 20 
20 range 0 -  

28 ° 
No. of refs. 11 
Expt. no. 

1 8"8 
2 3"4 
3 2.6 
4 8-3 
5 4"7 
6 2.1 

2 8 -  4 2 -  5 7 -  71 - 8 6 -  100-- 115-- 
42 ° 57 ° 71 ° 86 ° 100 ° 115 ° 129 ° 
16 13 14 11 14 13 8 

7-0 6"3 4"8 4"2 3"8 2"8 1"6 
3"9 3-0 1"3 3"0 1"5 1"9 1"6 
2"7 2"4 2"7 2"1 1"2 2.1 2"3 
8"2 5-9 5"5 3-6 6-3 4"4 3"5 
9"4 2"7 2"0 2"4 2"4 3-9 1"6 
2"0 1-7 1"6 2-6 3"3 4"5 3"I 
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Table 5 (cont.) 

(e) % r.m.s, deviations as a function of intensity 

/range 1 2 3 4 5 6 
Expt. no. 0ncreasingintensity) 

1 3.0 2.0 2.6 3.6 4.0 4.5 
2 2-2 1.9 1.4 1.0 1.5 2.4 
3 2.3 1.5 0.8 2.0 1.1 2.5 
4 5.0 3.9 2.8 4.4 4.2 5-0 
5 3-9 1.6 2.6 2.7 6.5 2.4 
6 5.5 4.0 2.4 2.1 2.8 0.8 

(f) Variation of r.m.s. A with a based on counting statistics 

7 8 9 10 

5.2 7"6 7"0 9"8 
2.9 3"0 3.0 5.0 
1.8 2.8 2.6 4.0 
3-4 10"3 5"1 11"4 
2.1 3.9 6"6 8-1 
2.1 1.4 1"3 1"5 

Crystal no. 1 2 3 4 5 6 
r.m.s. A 9.8 4"6 3.6 9.2 4.1 1-7 
Counting statistical a (0.10) (0.13) (0.13) (0.13) (0.13) (0.20) 
r.m.s. A 9.3 3.7 2.4 6-2 4.0 1.1 
Counting statistical tr (0.15) (0.15) (0.14) (0.15) (0.15) (0.40) 
r.m.s. A 6.4 3.2 3.0 9.7 3.4 2.1 
Counting statistical cr (0" 17) (0" 17) (0" 15) (0" 17) (0" 17) (0"52) 
r.m.s. A 5.3 1.2 3.1 11.0 1.8 1.6 
Counting statistical tr (0.22) (0.19) (0.16) (0.19) (0.20) (0.70) 
r.m.s. A 5.2 2.1 3.0 6.0 2.7 0-7 
Counting statistical tr (0.25) (0.21) (0.16) (0-20) (0.22) (0.86) 
r.m.s. A 3.7 1-5 2.2 3.9 2.4 3.1 
Counting statistical a (0.32) (0.26) (0.18) (0.25) (0.27) (1.1) 
r.m.s. A 4.0 0.8 2.1 4.6 2.6 2.3 
Counting statistical tr (0.37) (0.30) (0.21) (0.29) (0.31) (1.3) 
r.m.s. A 2.4 1.3 2.5 3-2 2.7 2.3 
Counting statistical tr (0.44) (0.35) (0.23) (0.33) (0-37) (1.6) 
r.m.s. A 1.8 1.7 3.1 3.8 1.6 3.6 
Counting statistical tr (0"63) (0"49) (0"32) (0"46) (0"51) (2-4) 
r.m.s. A 3.3 2.1 2.7 5.2 3.8 5-5 

Counting statistical a (1.1) (0.81) (0.52) (0.76) (0-86) (5.0) 

All quantities expressed as percent. 
d = 100 (I~- I()/(0.5 x (I~ + I()). 

the case of  a t tenuated reflexions. The final results, 
together with Miller indices and setting angles are given 
in array form in Table 3. (Setting angles for symmetry-  
related reflexions may be obtained by adding 180 ° to 
the ~0 values.) 

Analysis of the results 

(a) Standard reflexions 
The s tandard  reflexions for each of  the six crystals 

are listed in Table 4 with the relevant statistics. No  
deterioration is detectable for any of  the crystals and 
there are no significant machine drifts. The last two 
s tandards for crystal 1 are badly out compared with 
the rest, but  examinat ion of  the background counts 
shows that  this is due to a misorientat ion error. The 
reference reflexion had a scan range of  0.6 ° less than 
the corresponding general reflexions to make it more 
sensitive to mis-setting. Careful examinat ion of  the 
background counts for the intervening reflexions re- 
vealed that  none appear  to have been affected by this 
error. 

The r.m.s, percentage deviation from the mean is 
much greater for run 4 than anticipated. The most 
likely source of  this error  seems to be the goniometer  
head which for this part icular  setting must be presumed 
to have been less stable than usual. 

Since the only errors affecting reproducibility of  the 

reference reflexions (apart  f rom deterioration and drift) 
are counting statistics and machine error, the observed 
variance less tha t  due to counting statistics yields an 
e.s.d, for machine errors. This is given in Table 4 and 
evidently varies f rom run to run but  in the main is 
about  0 .5%,  which is consistent with the value pre- 
dicted from tests of  the individual diffractometer func- 
tions. 

(b) Consistency between symmetry-related 
measurements 

As mentioned earlier, the symmetry-related set of  
intensities was measured in the same sequence as the 
original set, so the t ime-dependent errors should also 
be sequence-dependent.  In Fig. 2 the ratio of  each in- 
tensity to its symmetry related value is plotted against  
sequence. The counting statistics are better than 1% 
for almost  all points but the last 20 in run 6. It is evident 
that  systematic trends with time are a very minor  
source of  error ;  this is confirmed by plotting the mean 
of  each 10 successive points, none of  which turn out 
to be significantly different from unity. The maximum 
corrections for variat ion in air absorpt ion due to at- 
mospheric pressure fluctuations are of  the order of  1% 
and are thus quite insignificant in these plots. However,  
the sequence test shows quite well the decrease in 
statistical accuracy towards  the end of  run 6, the four  
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consecutive machine faults in run 5 and the very signifi- 
cant difference in reproducibility for runs I and 4 
compared to the remainder. 

The results of the analysis of the r.m.s, percentage 
deviation between symmetry-related measurements as 
a function of run number, ;(, ~0, 20, intensity and count- 
ing statistical ~r are given in Table 5. It is very evident 
from 5(a) that the reproducibility in runs 1 and 4 is 
not in the same class as in runs 2, 3, 5 and 6, and that 
the agreement between symmetry-related measure- 
ments is between 4 and 10 times worse than that be- 
tween reference reflexions. It therefore appears that in- 
strumental error (and the goniometer head) makes a 
very minor contribution to the differences between 
symmetry-related measurements. Table 5(b) shows that 

there is no significant ;(-dependence of this lack of 
agreement except possibly that run 1 shows poorer 
results at ; (=45 ° than 0 ° or 90°; Table 5(c), however, 
shows that there is a definite c-dependence for runs 1 
and 4, the disagreement being at its worst when c* is 
in the plane of the ;(-circle. Table 5(d) shows that errors 
are greatest at low 0 values for runs 1, 2, 4 and 5 and 
as might be expected because of the high correlation 
of intensity with angle, Table 5(e) indicates that errors 
increase with intensity for these same runs. Run 6 how- 
ever, shows the reverse trend in both cases, but Table 
5(f),  which compares the r.m.s, observed discrepancies 
as a function of counting statistical accuracy, shows 
that this is due entirely to low counts at high angles 
and low intensities. It is of interest from the point of 
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Fig. 4. A plot of In/I6 as a function of I in order of increasing 
X6. 

view of assessing weights for structure factor least- 
squares that in these measurements reproducibility 
bears no relation to counting statistics for a statistical 
precision of better than about 2%. It is also worthy 
of note that the largest crystal, number 3, shows the 
best agreement between the symmetry-related reflex- 
ions and the errors seem to be substantially indepen- 
dent of all the parameters tested in Table 5. 

From these tests it appears that the worst disagree- 
ments, which occur in runs 1 and 4, are a function of 
increasing intensity and decreasing 0 as well as the crys- 
tal direction in which the scattering vectors occur. This 
is very unlikely to be an instrumental error in view of 
the exhaustive preliminary tests, the excellent agree- 
ment of the reference reflexions and the considerably 
better agreement for runs 2, 3, 5 and 6. It is also un- 
likely to be an effect associated with crystal habit such 
as absorption, in view of the similarity of results for 
crystals of such widely different shapes. The intensity 
dependence suggests extinction and the fact that dif- 
ferences occur between symmetry-related reflexions in- 
dicates that the extinction must be anisotropic. 

(c) The effect of  rotation about a scattering vector 
Fig. 3 shows a plot of integrated intensity against 

the orientation of the crystal about the scattering vec- 
tor for the 020, 040, 060 and 080 reflexions; the relative 
intensities are roughly 10:160:3:5 respectively. The ab- 
sorption correction using the Busing & Levy (1957) 
procedure is given on a similar scale for comparison. 

It is evident that even though the experimental points 
approximately follow the absorption curves, the fluc- 
tuations are considerably greater in all cases. In addi- 
tion it appears that the deviations are greater the 
larger the intensity. Abnormally high absorption which 
increases with increasing intensity is the hallmark of 
extinction; it seems reasonably convincing, therefore, 
that extinction should be the source of the discrepan- 
cies shown in Fig. 3. In which case, the displacement 
of the minima compared with the 040 absorption curve 
for crystal 4 and the multiple troughs in the curves 
for the crystals 2 and 4 are very compelling evidence 
for the anisotropy of the extinction effects. 

Only for the smallest crystal, number 6, do the ab- 
sorption curves give some measure of fit and even 
there the 040 reflexion shows considerable anomaly. 
The lack of twofold symmetry about the scattering 
vector in runs 3 and 5 is interesting. In view of the 
careful alignment work and the regularity of the 040 
plot in run 3, it is unlikely that the crystal is stray- 
ing into the non-homogeneous periphery of the beam. 
It seems that further investigation of these observa- 
tions could prove useful. 

A technique, similar to that of Willis (1961) was ap- 
plied to the data for the different 0k0 orders of crystal 
1 and 'g '  parameter values of 1.7 × 10 -4, 3.5 × 10 -4, 
2.0 × 10 -4 and 1.3 × 10 -4 respectively were obtained to 
describe the mosaicity. Though there is some con- 
sistency for the 3 weaker reflexions it is evident that 
this method is not adequate for the 040 and com- 
parison with the 040/080 ratio for crystal 6 indicates 
correction based on even the 3-5 × 10 - 4  value for 'g '  
is 40 % too low. 

(d) Intercomparison of  the six sets of  data 
In view of the strong indications of extinction, the 

first comparison test was to determine the intensity 
dependence of the interset discrepancies, and this was 
done in the following way. The run 6 data were ar- 
ranged in sequence of increasing intensity and the 
other five sets were placed in the same order; for con- 
venience of interpretation the six sets were scaled on 
the basis of the 30 weakest reflexions. The ratio of 
I,/I6 was then plotted for the first 5 sets of data against 
the sequence number resulting from ordering the set 
6 data, and the result is shown in Fig. 4; the mean of 
every 20 successive points on Fig. 4 are replotted in 
Fig. 5 to minimize the effects of other random errors. 

Crystal 6 was chosen as the standard as the results 
of the previous section showed it to exhibit the least 
extinction; however, the curves in Figs. 4 and 5 show 
such an overwhelming fall-off with intensity that it was 
suspected that run 6 might be subject to some un- 
suspected error systematic with intensity in the op- 
posite sense to extinction effects. To provide a check, 
therefore, measurements were taken from a crystal (7) 
which was only 40 % of the size of crystal 6. The results 
in Figs. 4 and 5 indicate good agreement with run 6 
over most of the range but at the highest intensities 
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the run 7 data seem also to be slightly extinguished. It 
appears therefore that the fall-off of intensity is a real 
effect. 

The extinction errors themselves are very large; even 
on the optimistic assumption that run 6 represents an 
unextinguished set of data, the largest intensities in 
runs 1 to 5 require an increase of approximately 400 % 
to be comparable with run 6; over 42 % of the inten- 
sities of these 5 sets suffer 10% or greater reduction 
in intensity and 25 % have greater than 20 % extinc- 
tion errors. It is noteworthy that it is not just the few 
intense reflexions which are affected but almost the 
whole range of intensities investigated; in fact Fig. 6 
shows that the error is roughly linear with I-u2.  

In the limited number of crystals studied there ap- 
pears to be very little relation between extinction char- 
acteristics and size and shape. Fig. 4 shows that the 
performance of the minute crystal 7 was slightly worse 
than crystal 6 and yet Fig. 5 shows that the largest 
crystal 3, gave slightly better results than nos. 1 and 4, 
both of which were considerably smaller. 

In view of such large discrepancies between the var- 
ious sets of data and the excellent way in which they 
tie in with the extinction effects suggested in the earlier 
part of the analysis, it seemed fruitless to pursue the 
interset comparison further in the hope of detecting 
the remaining smaller error sources. However, the 
r.m.s, percentage deviation in intensity matrix was 
calculated and the values are shown in Table 6. Though 
the numbers seem quite large in comparison with the 
mR and R indices obtained in Table 5 of the I.U.Cr. 
Report (Abrahams, Hamilton & Mathieson, 1970), 
they are, in fact, comparable. The present work makes 
reference to intensities rather than structure factors, 
which will double the percentage differences, and 
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Fig.6. The trace for crystal 1 in Fig. 5 plotted against [-1/2 
instead of sequence number. 

in addition, a uniform sample of intensity against 0 
has been collected which emphasizes the contribution 
of the larger reflexions compared with the complete 
sphere of data as collected in the I.U.Cr. case, which 
contains many more small intensities. 

Table 6. The r.m.s. % agreement between intensities 
measured for the six different co,stals used 

Crystal No. 1 4 3 2 5 6 V 
1 - 7 6 23 30 78 39 
4 7 - 8 20 27 76 45 
3 6 8 - 28 31 77 151 
2 23 20 28 - 9 61 83 
5 30 27 31 9 - 54 71 
6 78 76 77 61 54 4 

It is of interest that run 6, which appears to be the 
least extinguished and hence the best set of data, is an 
outlier. This bears out the comments of Mathieson 
(1969) that the mean value of a set of project data is 
not necessarily the true set, and also that the outlier, 
while it may be better or worse than the average, is in 
general a diagnostic of a systematic trend. 

C o n c l u s i o n s  

From these measurements it appears that the diffractom- 
eter, if rigorously tested, is capable of functioning as 
required by theory to better than 0.6 % in integrated 
intensity, and that the major source of error in inten- 
sity measurement is the crystal itself. The most obvious 
explanation of the observed discrepancies in the pres- 
ent case is anisotropic extinction, which appears to ex- 
plain the four- to tenfold worse agreement between 
symmetry-related measurements compared with the 
repeated measurement of reference reflexions and the 
dependence of this disagreement on intensity. It also 
explains the large, complicated and intensity depen- 
dent variations of integrated intensity with respect to 
crystal orientation about the scattering vector. In ad- 
dition, extinction would account for the overwhelming 
downward trend with increasing intensity of the mea- 
surements of the first 5 runs compared with those of 
run 6, which seems from Figs. 2 and 3(a) to be the most 
extinction-free. 

No evidence was found of the inadequacy of ab- 
sorption corrections, or of effects dependent on time, 
temperature or pressure. The only effect of crystal size 
was that the very smallest exhibited least extinction 
(runs 6 and 7). On the other hand the five larger crys- 
tals showed no smooth trend between extinction and 
size. 

The discrepancies in the I.U.Cr. project data can 
also be shown to be essentially intensity dependent in 
a similar manner (Mackenzie, 1972) while the pre- 
dominance of extinction errors in hydroxy apatite was 
also the principal finding of Sudarsanan & Young 
(1969). It therefore appears that c~-glycine is by no 
means an atypical compound. 
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From these measurements it seems that a dramatic 
improvement in accuracy of structure factor deter- 
mination may well result from the effective correction 
or experimental removal of extinction errors. It is also 
evident that a successful theoretical correction must 
take account of quite complicated anisotropic extinc- 
tion in view of Fig. 3. 

Thanks are due to Dr J. K. Mackenzie for useful 
discussion in planning this series of measurements and 
to Dr A. McL. Mathieson for suggesting the project, 
and discussing its results. 
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The structure of (+)-tartaric acid has been used as a test case to study the feasibility of absolute con- 
figuration determinations of compounds in which oxygenis the heaviest atom. Based on about 1100 
Ni-filtered Cu Ke reflections (-7_< k_< 7) measured on a Picker automatic diffractometer the (2R, 3R) 
and (2S,3S) configurations could be refined to R=0.0228 and R=0.0231 respectively. 94 selected 
enantiomer sensitive reflections gave R(2R, 3R) = 0.0336 and R(2S, 3S) = 0.0374 (Afo = 0.032). Among 
the 38 most sensitive Bijvoet differences only one had the incorrect sign. A value of 0-041 (4) for Afo 
(Cu Ke) was derived from 36 observed Bijvoet differences. Similar measurements with Cr Ke radiation 
also permitted the unequivocal assignment of the correct absolute configuration; however, Cr Ke radia- 
tion was not found to offer any overall advantage over Cu K0~ radiation. The cell dimensions used in this 
study are a=7.7291 (5), b= 6.0069 (2), e=6.2118 (3) A, fl= 100.147 (2) ° (space group P21; Z=2). 

Introduction 

In a recent study of (+)-methyl-p-tolyl sulfoxide (De 
la Camp & Hope, 1970) the two enantiomeric struc- 
tures were refined to R=0.034 and R=0.044 for the 
correct and the incorrect enantiomer respectively. This 
large difference in R indices caused by the anomalous 
scattering of Cu K~ radiation by sulfur (Afs ~- 0.6) sug- 
gested to us that oxygen in a carbon-hydrogen en- 
vironment might give rise to measurable anomalous 
scattering effects, assuming the value of Afo to lie in 
the range 0.03 (Zachariasen, 1965) to 0.10 (International 
Tables for X-ray Crystallography, 1962). 

Based on available literature data (+)-tartaric acid 
seemed a reasonable choice for a test case. The mole- 
cule is relatively small, the structure was well deter- 

mined (Okaya, Stemple & Kay, 1966), there was no 
doubt about the absolute configuration (Bijvoet, Peer- 
deman & van Bommel, 1951) and good crystals could 
be easily obtained. As it turned out the crystals were 
not as stable under X-ray irradiation as expected, 
thereby giving rise to some undesirable effects which, 
however, were not serious enough to thwart a success- 
ful outcome. 

Preliminary accounts of this work have been given 
earlier (Hope & de la Camp, 1969; Hope, de la Camp 
& Thiessen, 1969). 

Experimental 

From the outset we planned both to investigate the 
feasibility of absolute configuration determinations 


