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The effect of the thermal motion on the tetrahedral 
bond angles, for the case of this model, would be small. 
On the other hand the effects on the Si-O-Si angles 
would require a knowledge of how the tetrahedra are 
vibrating relative to each other, which is not available. 
In any event, it can be qualitatively seen that since the 
time average values of these angles are so large, almost 
any type of correlated or noncorrelated motion will 
cause their instantaneous values to be lower and thus 
more nearly equal to those found in the room tem- 
perature structures quoted above. 

Summary 

The structure of the Steinbach tridymite at 220°C is 
distorted relative to the ideal high-tridymite structure. 
The distortion consists of a twisting of pairs of tetra- 
hedra about the a axis such that tetrahedra joined in 
the c-axis direction are alternately displaced in the 
positive and negative direction of the b axis. The 
amount of the twist, about 8 ° , causes the centers of 
the tetrahedra to be displaced by about 0.2 A. The 
atoms show strong thermal motion, especially oxygen 
atoms in the directions roughly normal to the silicon- 
oxygen bonds. The tetrahedra are very nearly regular 
and the interatomic distances (and perhaps also the 
angles) are not too different from those reported for 

room-temperature structures, provided the thermal 
motion is taken into account. 

The author gratefully acknowledges the interest, 
advice and support given this study by Professor 
Martin J.Buerger. The spectrographic analysis was 
kindly provided by Professor William H. Dennen. This 
research was supported, in part, by a National Science 
Foundation grant. The computations were carried out 
at the Massachusetts Institute of Technology Compu- 
tation Center. 

References 

BUSING, W. R. & LEVY, H. A. (1964). Acta Cryst. 17, 
142. 

DOLLASE, W. A. (1965). Z. Kristallogr. 121, 369. 
DOLLASE, W. A. & BUERGER, M. J. (1966). Program 1966 

Annual Meeting, Geol. Soc. Amer., p. 54. 
GIBBS, R. E. (1927). Proc. Roy. Soc. A, 113, 351. 
HOFFMAN, W. (1967). Naturwissenschaften. In the press. 
International Tables for X-ray Crystallography (1962). Vol. 

III, p. 202. Birmingham: Kynoch Press. 
SATO, M. (1964). Min. J. Japan, 4, 115. 
TANISAKI, S. (1963). J. Phys. Soc. Japan, 18, 1181. 
WUENSCH, B. J. (1964). In BUERGER, M. J. (1964). The Pre- 

cession Method, p. 248. New York: John Wiley. 
ZACHARIASEN, W. H. & PLETrINGER, H. A. (1965). Acta 

Cryst. 18, 710. 

Acta Cryst. (1967). 23, 623 

The Crystal and Molecular Structure of 2,5-Dimethyl-2,5-endo-thio-l,4-dithiane 
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The product C6H10S3, formed when an alcoholic soluucn of chloroacetone saturated with hydrogen 
chloride is treated with hydrogen sulphide has been examined by X-ray single-crystal techniques and 
shown to have the structure 2,5-dimethyl-2,5-endo-thio-l,4-dithiane. The crystals are monoclinic, 
space group P2x/c, with a=10-970, b=6.371, c=12.129A and fl=91.6 °. The diffraction data were 
measured using an on-line, automatic, computer-controlled film scanner. Positional and anisotropic 
thermal parameters of the carbon and sulphur atoms and positional and isotropic thermal parameters 
of the hydrogen atoms were refined to give a final R value of 0.044. 

Introduction 

The reaction between an alcoholic solution of chloro- 
acetone saturated with hydrogen chloride and hydro- 
gen sulphide gives the product C6H1083 . There has been 
considerable discussion as to the structure of this pro- 
duct, and several different models have been proposed 
for it (Rappe & Gustafsson, 1967). B/Shme, Pfeiffer & 

Schneider (1942) isolated the substance and proposed 
the structure 2,6-dimethyl-2,6-endo-thio-l,4-dithiane 
(II). Brintzinger & Ziegler (1948) reported that, from 
the reaction of chloroacetone, hydrogen sulphide and 
hydrogen chloride, they had isolated bis-thioacetonyl 
sulphide; however, B/Shme & Schneider (1949) main- 
tained that this product and the one previously re- 
ported by them were identical. On the basis of inde- 
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pendent experiments, Hromatka & Engel (1948) sug- 
gested that the structure was 2,5-dimethyl-2,5-endo- 
thio-l,4-dithiane (I). More recently, Olsson (1966) at- 
tempted to resolve the dilemma using nuclear magnetic 
resonance techniques; however, no clear solution to 
the problem could be obtained. An X-ray analysis was 
therefore undertaken and the correct structure was 
established as that shown in (I). 

CH3 

I ~c  
H2C ~ S 

S 
S ! ~ C H 2  

I 
CH3 

(1) 

j s ~  
H3C--  C C -- CH3 

HaC CH2 
~ S  ~ 

(Jl) 

Experimental 

Crystal data 
C6H1053, 2,5-dimethyl-2,5-endo-thio- 1,4-dithiane 
Monoclinic, space group P21/c 
a=10.970+0.010,  b=6-371 +0.006, c=12.129+0.010 

A, f l=91.6° +0.3 ° 
(2= 1.5418 A) 
V= 847.4 A 3 
Z = 4 ,  Din= 1"41 g.cm -3, Dx= 1.397 g.cm -3 
Absent spectra 0k0, k odd, hOl, l odd 
/ t=69.75 cm -1 for 2 =  1.5418 A .  

Crystals suitable for X-ray diffraction studies were 
obtained by evaporation of an aqueous alcoholic solu- 
tion of C6H10S 3. The crystals formed as fiat plates with 
their shortest dimension parallel to the a axis. Two 
samples with dimensions 0"048 x 0"525 x 0"262 mm and 
0.048 x 0.215 x 0.170 mm were selected for data col- 
lection about the b and c axes respectively. Since the 
crystals were volatile (m.p. 50 °C) and unstable at room 
temperature they were sealed in thin walled glass capil- 
laries. Multifilm equi-inclination Weissenberg tech- 
niques with Cu Ke radiation were used to collect inten- 
sities on layers 0 to 4 about the b axis and 0 to 6 about 
the c axis. 

The data were estimated with the automatic on-line 
film scanner in this laboratory (Abrahamsson, 1966a). 
Since this was the first attempt at an accurate three- 
dimensional structure analysis with the use of this in- 
strument the results were carefully analysed so that 
sources of systematic errors could be detected and, 
where possible, eliminated. The film factors for all re- 
flexions occurring on adjacent films within a pack were 
calculated and the film factor distribution as a func- 
tion of intensity was evaluated for each film pack. Fig. 1 
is a plot of the film factor-intensity distribution for 
the hOl films. It can be seen that some systematic errors 
are present in the low intensity terms. This is due to 
the method of integration used, which results in an 
underestimation of the weak reflexion intensities. A 
later version of the film scanner INDEX program 
(Abrahamsson, 1966b) will employ a new method of 
intensity integration and this source of error should 
be eliminated. Non-zero layer plots showed similar 
distributions, although there was some spot shape de- 
pendence at high inclination angles. Film factor-inten- 
sity distributions of this type were not only useful as 
a method of detecting systematic errors in the intensity 
data, but were also valuable in estimating the linear 
range of measurement. The plateau in the middle range 
of the graph indicates that intensities in this region have 
been reliably estimated and only reflexions falling in 
this range were used in the following data reduction 
procedures. 

The average normal-beam film factor obtained from 
the hOl and hkO zones was 2.93, which is in agreement 
with the results of Morimoto & Uyeda (1963) for Ilford 
Industrial G film. This value, with the appropriate 
angular correction for non-zero levels (Grenville- 
Wells, 1955), was used to reduce the intensity measure- 
ments within a pack to a common scale. Lorentz and 
polarization and general absorption corrections were 
applied to all reflexions. The interlayer correlation 
scales were obtained using the method of Hamilton, 
Rollett & Sparks (1965). The final set of 710 observed 
structure factors was derived from 4047 individual 
measurements. An estimate of the standard deviation 
in each value of IFol was derived from the scaling 
procedure and was used to calculate individual weights 
for each reflexion in the final stages of the least-squares 
refinement. Unobserved reflexions were excluded from 
the analysis. 

5° I 4"0 ,o o 
i 3"0 * * ' °  . °  o 

• * • 

2"0 
1"0 

0 20 40 60 dO 16o i~o i~.o i~o i$o 
Intensity 

Fig. 1. The distribution of film factors for the hOl films plotted as a function of intensity. The scale of the intensity values is 
arbitrary. 
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S o l u t i o n  a n d  r e f i n e m e n t  a t o m s  o f  t h e  s t r u c t u r e  w e r e  r e a d i l y  l o c a t e d  f r o m  a t h r e e -  
d i m e n s i o n a l  s u l p h u r - p h a s e d  F o u r i e r  s y n t h e s i s .  

T h e  s t r u c t u r e  s o l u t i o n  w a s  o b t a i n e d  b y  t h r e e - d i m e n -  T h e  s t r u c t u r e  r e f i n e m e n t  w a s  c a r r i e d  o u t  b y  t h e  b l o c k  
s i o n a l  P a t t e r s o n  a n d  F o u r i e r  s y n t h e s i s  t e c h n i q u e s .  A d i a g o n a l  l e a s t - s q u a r e s  m e t h o d .  R e f l e x i o n  w e i g h t s  w e r e  
P a t t e r s o n  f u n c t i o n ,  s h a r p e n e d  to  c o r r e s p o n d  t o  p o i n t  i n i t i a l l y  d e r i v e d  f r o m  t h e  f u n c t i o n  
a t o m s  at  res t  ( A b r a h a m s s o n  & M a s l e n ,  1 9 6 3 )  r e v e a l e d  w = 1/(1 + [([Fo] - 8lfminl)/5lFmin])] z) • 
t h e  p o s i t i o n s  o f  t h e  t h r e e  s u l p h u r  a t o m s .  T h e  s ix  c a r b o n  H o w e v e r ,  in  t h e  f i n a l  s t a g e s  o f  t h e  r e f i n e m e n t  i n d i v i d u a l  
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weights estimated from the data scaling procedure were 
introduced (Fig. 2). 

Atomic scattering factors for carbon and sulphur, 
the latter being corrected for the real part  of the 
anomalous dispersion coefficient, were taken from 
International Tables for X-ray Crystallography (1962). 
The hydrogen form-factor curve used was that derived 
by Stewart, Davidson & Simpson (1965) from the H(31) 

H(32) 
spherical approximat ion of hydrogen in the hydrogen H(61) 
molecule. H(62) 

In the early stages of the refinement positional and H(81) 
isotropic temperature parameters for the carbon and H(82) 

H(83) 
sulphur atoms were varied. At R = 0 . 1 7  anisotropic H(91) 
thermal  parameters of the form H(92) 

e x p [ -  2~2(h23 .2 U11 -Jr k2b .2 U22 -Jr- 12e .2 U33 H(93) 

+ 2hka*b* U12 dv 2klb*c* U23 + 2hla*c* U13)] 

were introduced. A difference Fourier  synthesis eval- 
uated at R = 0 . 1 0  indicated the positions of  the ten 
hydrogen atoms of  the structure. These were included 
in the structure factor calculations with isotropic tem- 
perature factor coefficients, B =  4.0 A 2. 

The refinement proceeded smoothly to R=0 .05 ,  
when several cycles of least-squares refinement of  the 
hydrogen positional and isotropic thermal  parameters 
were calculated. These appeared to produce physically 
reasonable shifts and resulted in a significant improve- 
ment  in the structure factor agreement. The refinement 
was concluded with two cycles of least squares on the 
carbon and sulphur atoms only. None of the final par- 
ameter shifts exceeded 0. ltr for the carbon and sulphur 
atoms or 0.25o- for the hydrogen atoms. The final R w 

3.0 index was 0-044. The observed and calculated structure 
factors are listed in Table 1 and the final positional 
and thermal  parameters are shown in Tables 2, 3 and 4. 

Table 2. Non-hydrogen atom coordinates 
and (in parentheses) their standard deviations 

All values have been multiplied by 105. 

x/a y/b z/c 
S(1) 37764 (10) 38081 (15) 12177 (8) 
S(4) 08428 (10) 45552 (16) 16103 (8) 
S(7) 27656 (8) 72640 (14) 24688 (6) 
C(2) 31127 (34) 44904 (53) 25565 (27) 
C(3) 18616 (33) 33900 (53) 26495 (26) 
C(5) 19140 (30) 66284 (46) 12021 (24) 
C(6) 28659 (35) 57023 (54) 04275 (26) 
C(8) 39950 (34) 39214 (54) 34973 (27) 
C(9) 12390 (32) 84807 (48) 07000 (29) 

Table 3. Hydrogen atom coordinates (multiplied by 104 ) 
and isotropic thermal parameters 

The isotropic thermal parameters are expressed in the form 
exp [ - (B  sin2 0/22)]. 

The first digit in the hydrogen atom identification number 
refers to the parent carbon atom number. 

x/a y/b z/c B(A2) 
2011 2009 2542 5.1 
1638 3438 3309 3.5 
2427 4840 - 132 7.4 
3466 6867 167 2.6 
3684 4225 4223 6.6 
4774 4727 3508 5-9 
4165 2446 3531 5.2 
1758 9557 606 6.1 
564 8879 1170 6.0 
854 8110 - 4  7.0 

a(x) = 25, a(y) = 40, a(z) = 20. a(B) = 0.8 ]k2. 

Discussion 

A ccuracy 
The final R index is 0.044. Table 5 shows the struc- 

ture factor agreement for ranges of  IFol. The tendency, 
shown in Fig.2 and discussed above, for the weak 
intensities to be underestimated is clearly evident for 
values of IFol less than 10 electrons. The agreement 
between observed and calculated structure factors 
above 10 electrons is, however, generally good and the 
Z, IFcll,r IFol ratios differ from unity only by about  1%. 

The mean coordinate standard deviations are 0.0009, 
0.0033 and 0.026 A for the sulphur, carbon and hydro- 

2"0 

1"0 

0 20 40 60 80 100 

F0 
Fig.2. Reflexion weights (arbitrary scale), derived from the 

intensity scaling, plotted as a function of IFol. 

Table 4. Non-hydrogen atom 

Ull 
S(1) 814 (8) 
S(4) 580 (6) 
S(7) 543 (5) 
C(2) 404 (21) 
C(3) 617 (26) 
C(5) 508 (23) 
C(6) 790 (30) 
C(8) 645 (27) 
C(9) 616 (28) 

thermal parameters and (in parentheses) their standard deviations 
All values have been multiplied by 104 . 

U22 U33 U23 U31 U12 
719 (8) 501 (7) 1 (5) 143 (6) 350 (6) 
623 (7) 890 (8) 88 (6) -208 (6) -153 (6) 
403 (6) 467 (5) - 5 6  (5) -66  (4) - 2  (5) 
453 (23) 341 (21) - 2 0  (16) 43 (17) 62 (17) 
469 (25) 553 (25) 129 (17) - 2  (20) 12 (19) 
422 (22) 376 (22) - 2 4  (16) -53  (17) 27 (19) 
593 (27) 446 (24) - 9  (19) 15 (21) 152 (22) 
695 (29) 545 (26) 172 (20) - 4 2  (21) 73 (22) 
545 (25) 661 (27) 52 (20) -119 (22) 62 (21) 
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Table 5. Structurefactoragreement 
Fo range n ZlFol ZlFcl ZlFclIZlFol R 

0-10 186 1468 1602 1.09 12.8 
10-20 281 3956 4009 1.01 4.5 
20-30 132 3220 3199 0.99 2.6 
30-50 76 2844 2835 1.00 2.4 
50-100 35 2312 2333 1.01 4.3 

gen atoms respectively. The mean bond length stan- 
dard deviations are 0.0033, 0.0045 and 0.03 A for the 
C-S, C-C and C-H bonds. These error estimates were 
derived from the least-squares inverse matrix and are 
probably underestimated since no account was taken 
of the systematic errors in the low intensity terms, the 
cell parameter errors or positional shifts due to thermal 
libration effects. 

The isotropic thermal coefficients of the hydrogen 
atoms have values which vary from B=2.6 to B=  
7.4 A 2. It is difficult to assess the physical significance 
of these parameters; however, there was no tendency 
for the coefficients to become negative during the least- 
squares refinement as often happens when the free hy- 

ct~ 

\ 

/ 

-" s/aS 
c~S~ 

Fig.3. Intramolecular bond lengths involving non-hydrogen 
atoms. 

~~112.7 

Fig.4. Intramolecular bond angles involving non-hydrogen 
atoms. The mean e.s.d, in these angles is 0.25 o. 

drogen atom scattering curve is used. In this respect 
the use of the curve proposed by Stewart, Davidson & 
Simpson (1965) can be considered to lead to more 
realistic hydrogen atom parameters. 

Bond lengths and angles 
Interatomic distances and angles involving non-hy- 

drogen atoms are shown diagrammatically in Figs. 3 
and 4. The bond distances and angles involving hydro- 
gen atoms are listed in Tables 6 and 7. The largest 
deviation between chemically equivalent bonds, cor- 
responding to 3.5a, is that between S(7)-C(2) and 
S(7)-C(5). However, this difference cannot be con- 
sidered significant since, as discussed above, the stan- 
dard deviations calculated from the least-squares ma- 
trix are probably underestimated. Furthermore, there 
is a strong correlation between these two distances 
since the bridging sulphur atom is common to both 
bonds. None of the differences between the remaining 
interatomic distances involving non-hydrogen atoms 
exceeds 2a. 

Table 6. C-H bond lengths 
C(3)-H(31) 0.90 A, 
C(3)-H(32) 0.84 
C(6)-H(61) 0.99 
C(6)-H(62) 1.05 
C(8)-H(81) 0.96 
C(8)-H(82) 0.97 
C(8)-H(83) 1.00 
C(9)-H(91) 0.98 
C(9)-H(92) 0-97 
C(9)-H(93) 0.90 

The mean e.s.d, in these distances is 0-03 A. 

Table 7. Bond angles involving hydrogen atoms 
C(2)--C(3)-H(31) 105 ° 
C(2)--C(3)-H(32) 110 
S(4) --C(3)-H(31) 114 
S(4) --C(3)-H(32) 117 
H(31)-C(3)-H(32) 103 
C(5)--C(6)-H(61) 108 
C(5)--C(6)-H(62) 111 
S(1) --C(6)-H(61) 104 
S(1) --C(6)-H(62) 107 
H(61)-C(6)-H(62) 119 

*C(2)--C(8)-H 114 
*H C(8)-H 105 
*C(5)--C(9)-H 110 
*H C(9)-H 109 

The mean e.s.d, of these angles is 2 °. 
* Only the mean value of the angles at the methyl groups are 

given. 

The C(2)-S(1) and C(5)-S(4) bonds, which have an 
average value of 1.848 A, are 0.02-0.03 ./~ longer than 
the expected distance based on the carbon and sulphur 
covalent radii (Pauling, 1960). The remaining four C-S 
bonds are normal. The C-CH3 distances (1.516 A) are 
shorter than the normal single sp3-sp 3 carbon bond; 
however, thermal oscillational effects have probably 
resulted in some bond shortening. Corrections accord- 
ing to the method of Busing & Levy (1964), assuming 
that each methyl carbon atom rides on the carbon atom 
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to which it is bonded, results in the C(2)-C(3) and 
C(5)-C(9) bond lengths being increased by 0.024 and 
0.016 A to 1.543 and 1.528 A, respectively. However, 
this vibrational model is probably an oversimplified one 
and therefore these corrections should be viewed with 
some scepticism. 

There is a variation from 0.84 to 1.05 A in the C-H 
distances. The mean bond length (0.96 A) is similar to 
that obtained in recent X-ray refinements, and is about 
0.1 .A shorter than C-H distances determined by other 
methods. 

The C-S-C angles (95.1 and 86.3 °) fall within the 
range expected for divalent sulphur (Abrahams, 1956) 
although the latter value is somewhat smaller than 
usually found in molecules of this type (Hosoya, 1963). 
There is some distortion of the tetrahedral angles at 
C(2) and C(5). This is probably due to strain introduced 
by the fusion of the S(7) bridge between C(2) and C(5). 
The angles made by the bonds C(H3)-C with the re- 
maining three atoms of the tetrahedron are all larger 
than the normal value. S(1)-C(2)-C(3) and S(4)-C(5)- 
C(6) are, as would be expected, unaffected by this strain 
and the remaining angles at C(2) and C(5) are all about 
4 ° less than those usually found in a tetrahedral system. 
The C-C-S angles within the dithiane ring are all signi- 
ficantly smaller than similar angles in trans-2,5-di- 
bromo-l,4-dithiane (Kalff & Romers, 1966), trans-2,3- 
dichloro-l,4-dithiane (Kalff & Romers, 1965) and 1,4- 
dithiane (Marsh, 1955). This may be due to strain 
caused by the compression of the boat conformation 
by the sulphur bridge as discussed above. 

Molecular geometry and packing 
The molecule has a twofold symmetry axis passing 

through S(1) and the intersection of the ring diameters 
S(1)-S(4) and C(3)-C(6). It is interesting to note that 
the methyl groups retain this symmetry even though 
they have different intermolecular environments, indi- 
cating that the intramolecular environment is the dom- 
inating factor in determining the methyl group rota- 
tions. Apparently, the intermolecular packing forces 
have little influence on the hydrogen configuration and 
the molecules pack in such a way that the molecular 
symmetry is retained. 

Fig. 5 shows the molecular packing viewed in the di- 
rection of the b axis. The eight non-hydrogen inter- 
molecular contacts less than 4.0 A are listed in Table 8. 
The only close contact is that between the symmetry 
related methyl groups C(9)(XYZ) and C(9')(XITZ). 
Assuming a methyl group van der Waals radius of 
2.0 A (Pauling, 1960), this approach distance is 0.29 A 
less than the expected value. However, the hydrogen 
atoms are staggered to accommodate this contact and 
none of the H-H distances is less than 2.80 A. 

Residual electron density 
Sections of the final difference synthesis calculated 

in the approximately planar parts of the molecule are 
shown in Fig. 6. The synthesis has been averaged over 

Table 8. Non-hydrogen atom inter- 
molecular contacts less than 4.0 A 

S(1)-C(8) I 3.97 ~, 
S(1)-C(8) II 3.74 
S(4)-C(3) III 3.96 
S(7)-C(6) IV 3.81 
S(7)-C(8) V 3.92 
C(8)-C(6) VI 3.98 
C(9)-C(3) VII 3.97 
C(9)-C(3) VIII 4.00 
C(9)-C(9) IX 3.71 

I-IX refer to the equivalent positions 
1 - x ,  ½+ Y, ½ - z ;  x, 3 -  Y, - ½ + z ;  
R, - ½ +  Y, ½ - Z ;  X, ½-  Y, ½ - Z ;  
l - -X,  --½+ Y, ½ - Z ;  X, s _  y, ½+Z;  
x, - 1 +  Y, z; ~', -½+ Y, ½-z;  .~?, ?,2'; 

chemically equivalent regions to reduce the affect of 
random errors. The reflexions 111 and 1 l i, which ap- 
peared to suffer from extinction effects, were omitted 
from these calculations. Fig.6(a) corresponds to the 
mean residual density through the planes S(7)-C(2)- 
C(8) and S(7)-C(5)-C(9) and Fig.6(b) to the mean 
residual density through C(2)-S(1)-C(6)-C(5) and 
C(5)-S(4)-C(3)-C(2). (In the notation used below S'(1) 
refers to the atomic site corresponding to S(1) and its 
chemically equivalent atom S(4) etc.). 

Each bond contains a region of positive residual den- 
sity near its centre which can be attributed to the 
aspherical nature of the electron density in bonded 
atoms. The low value of the residual peak in the S'(1)- 
C'(6) bond is probably due to radial shifts of the sul- 
phur and carbon atoms resulting from their asym- 
metric environment. Shifts of a similar nature have 
been shown to exist in the carbon atom positions in 
benzene, resulting in the near elimination of bonding 
electron features (O'Connell, Rae & Maslen, 1966). The 
remaining four C-C and C-S bonds each have positive 
residual electron density peaks of about 0.1 e.~ -3 near 
their centres. 

x 

C o 

H o 

O_ I..2- A 
Fig. 5. Intermolecular packing viewed along the b axis. 
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In the recent studies of fl-sulphanilamide (O'Connell 
& Maslen, 1967) and orthanilic acid (Hall & Maslen, 
1967) it was found that the tetrahedrally bonded sul- 
phur atoms were situated in negative regions of residual 
electron density with minima of - 0 . 4  to -0 .5  e./~- -3 
at the atomic sites. This was attributed to errors in the 
sulphur atom scattering factor. In view of these results 
it is interesting to note that in the present analysis the 
sulphur atomic sites have a positive mean residual den- 
sity of about 0.1 e./~ -3. This may be due to systematic 
errors in the intensity data; however, it may also be 
related to the different valence states of the sulphur 
atoms in the present structure as compared to those 
previously mentioned. The fully substituted sp 3 carbon 
atom C'(2) has a mean density of -0 .12  e./~k -3 at its 
atomic site; however, it is not clear if this is an artefact 
resulting from data or refinement errors or a real effect 
due to electron redistribution at bonding. 

Conclusion 

The X-ray analysis has established the structure as that 
shown in (I) above. The analysis is of particular interest 
since it represents the first attempt at an accurate struc- 
ture refinement using data measured with the auto- 

(a) 

/ s'(~) \ ,  \ ( \ ,-~-. c'(6) ,\ 
'- '1 \ .  \ .  "~ ",/ / " , , t  ;> 

<il....i:> ) S-- \ _ J /  

Fig.6. (a) The mean residual electron density distribution for 
the planes S(7)-C(2)-C(8) and S(7)-C(5)-C(9). (b) The 
mean residual electron density distribution for the planes 
C(2)-S(1)-C(6)-C(5) and C(5)-S(4)-C(3)-C(2). Zero contour 
chain dotted, negative contours dashed, positive contours 
full lines; at intervals of 0.1 e.A-3. 

matic computer controlled film scanner in this labor- 
atory. The accuracy of the intensity measurements is 
generally good, although some systematic errors in the 
weak reflexions are evident. With more experience in 
data processing techniques and improved method of 
intensity integration it is expected that errors of this 
type can be largely eliminated. For proteins, and other 
structures having large unit-cell dimensions, where 
many thousands of reflexions must be measured, this 
instrument should provide a useful means of structure 
analysis since the time taken to measure the diffraction 
data is independent of the number of reflexions on the 
film. 

All calculations were performed on a Datasaab D21 
computer with programs developed by Abrahamsson, 
Aleby, Larsson, Nilsson, Selin & Westerdahl (1965) 
and additional routines written by the author. Financial 
support was obtained from the Swedish Medical Re- 
search Council, the Swedish National Science Research 
Council and the U.S. Public Health Service (GM 11653). 
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