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The calculations were performed on the  computer  
of the  Centro Calcoli e Servomeccanismi della Univer- 
sita di Bologna with f inancial  support  from Consiglio 
Nazionale delle Ricerche. The programmes were ob- 
ta ined th rough  the  courtesy of Dr L. H. Jensen  and 
Prof. G .A.  Jeffrey.  I t  is a pleasure to t h a n k  all 
these people and Prof. L. Cavalca for his valuable  
interest.  
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The Structure  of S a l a m a n d e r  Alka lo ids .  I. On the Structure  of 
S a m a n d a r i n e - H y d r o b r o m i d e  
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Samandarine C19H3102N and the related compounds are the only genuine alkaloids so far known 
in animals. X-ray analysis shows that  the sterol skeleton of samandarine is related to 5fl-androstane. 
The oxazolidine ring as deduced by chemical methods has been confirmed. 

The X-ray analysis has been mainly carried out on the hydrobromide with space group P21, 

a=12.98,  b=6.28, c=12 .43A;  f l=95 °. 

There are 2 molecules and 2 methanols in the uni~ cell. The heavy atom was found from Patterson 
projections. The heavy-atom technique was used to derive signs, and several 2-dimensional syntheses 
were calculated until  the Rl-factor for the hO1 reflections reached 0.28. A 3-dimensional model of the 
molecule has been found and two 3-dimensional Fourier-syntheses were calculated. The Rl-factor 
reached 0.25 including unobserved reflections. The least-squares refinement was calculated using 
the program of Levy & Busing for the IBM 704. For the 3-dimensional intensities the final R~-factor 
reached R~ = 0.17 including unobserved reflections. 

In troduct ion  

The mil iary  glands of the salamander  species 'Salam- 
a ndra  maculosa '  and  'Sa lamandra  a t ra  Laur '  contain 

a secretion which has been studied by C. SehSpf and  
his co-workers. The main  pa r t  of this  secretion consists 
of proteins and  water  and  only  a small f ract ion of 
about  10% is a mixture  of various alkaloids. Samand- 
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arine has been found to be the main alkaloid (60%); 
in addition Samandaron (10%), Samandaridine (5%), 
Cyclo-Neosamandion and several others have been 
isolated. The structures of these compounds are of 
interest, because they represent the only genuine 
alkaloids so far known in animals. 

The formula of samandarine was determined by 
SchSpf & Braun (1934) to be C19H8102N. No double 
bonds were found. I t  has been shown that one oxygen 
belongs to an alcoholic OH-group 

R ~ / C -  OH, 

H 

whereas the other one is an ether-oxygen. I t  was later 
confirmed (SchSpf, B15dorn, Klein & Seitz, 1950) 
that  the ether-oxygen and the nitrogen belong to a 
5-membered oxazolidin ring system which itself be- 
longs to a 7-membered ring A (see Fig. 1). 

12 17 

11~( I.~I 6 
2 I 9 

N ~  15 
, , .  , ,  

2 CH3 3 /~ ~ 7 OH 
6 

Fig. 1. A s k e t c h  of t h e  s a m a n d a r i n e  molecu le .  T h e  n u m b e r s  
r e f e r  to  t h e  c a r b o n s  a n d  a re  d u e  to  t h e  n o m e n c l a t u r e  of t he  
s tero ids .  

The carbon skeleton has been elucidated by de- 
hydrogenation of samandarine. A mixture of various 
derivatives of naphthalene was obtained. A spectro- 
scopical investigation showed that  these compounds 
were substituted in the 1,2,5 and 6-position. From the 
sum formula a carbon skeleton of two 6-membered 
rings B and C, one 5-membered ring D and 2 angular 
CH3-groups was derived (SchSpf & Klein, 1954). 

There was an ambiguity in the attachment of ring A 
to the carbon skeleton of the molecule. One of three 
possible structures, which has been confirmed by our 
X-ray structure analysis, is shown in Fig. 1. The 
chemical analysis made it plausible to t ry  to relate 
the structure of samandarine to the structure of 
known steroids e.g. to cholesterol or to 5fl-androstane. 
Since chemical methods did not lead to straight- 
forward results, mainly because only small quantities 
of these substances were available, it was decided to 
start an X-ray structure analysis of samandarine and 
related compounds in addition to further chemical 
and spectroscopical investigations (WSlfel, SchSpf, 
Weitz & Habermehl, 1961). 

Crystal data 

After a few trials, the unstable monoclinic modifica- 

tions of samandarine-hydrochloride, -hydrobromide, 
and -hydroiodide, which gave very similar Weissen- 
berg photographs, were found to be the most suitable 
for the X-ray analysis. I t  was hoped to be able to 
use the isomorphous-replacement technique as well as 
the heavy-atom technique for phase determination. 
The crystals were grown from methanol solutions. 
I t  turned out to be very difficult to grow monoclinic 
crystals. Often during long periods only triclinie crys- 
tals were obtained. The monoclinie crystals were 
unstable and became triclinic under investigation in 
the course of a few days. The crystal data of the 
three salts are collected in Table 1. 

Table 1. Cell dimensions of the halogen salts 
of samandarine 

D e n s i t y  a b c fl 
g.cm. -3 (A) (A) (A) (°) 

Samandarine-HC1 1.25 12.83 6.15 12.47 93 
Samandarine-HBr 1.36 12.98 6.28 12.43 95 
Samandarine-HJ 1.48 13.10 6.50 12.53 97 

From cell dimensions and densities one crystal- 
methanol per samandarine molecule was deduced, 
which was later confirmed by the chemical analysis 
of single crystals. The Laue symmetry was found to 
be 2/m and the space group P21 was chosen. There 
are 2 molecules with 2 methanols within the unit cell. 

Intensity measurements 

In order to have data available for the application of 
the isomorphous-replacement and the heavy-atom 
technique for phase determination, X-ray intensity 
measurements were made on the three salts. For the 
two-dimensional analysis a first set of structure 
factors was obtained from equi-inclination Weissen- 
berg photographs using filtered Cu-radiation and the 
multiple-film technique. The intensities were visually 
estimated. No correction was made for absorption. 

For the 3-dimensional analysis it seemed to be 
desirable to increase the accuracy of the measured 
intensities. A new set of integrated equi-inclination 
Weissenberg photographs was taken for the hydro- 
bromide. Approximately 1400 reflections were ob- 
tained from the zero, first, second, and third layer 
lines. For each photograph a time-calibrated intensity 
scale was made. The peak intensities were measured 
using a photometer. 

For the intensity measurements a needle-shaped 
crystal of hydrobromide was used with a=0.11 mm. 
and c=0.16 mm. The absorption (#=30.9 cm. -1) was 
calculated using a graphical method, but it was later 
found not to be necessary to correct for absorption. 
The new set of three-dimensional data was used for 
the three-dimensional Fourier synthesis of the hydro- 
bromide. 

The two-dimensional analysis 

The halogen atom parameters for the three salts were 
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Fig. 2(a), (b), (c). Pattersonsynthesis P(u, w) (a) samandarine-hydroehloride, (b) samandarine-hydrobromide, and 
(c) samandarine-hydroiodide. 

c/z 
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Fig. 3. The fh'st bromine-phased Fourier-projection O(x, z). 

determined from Patterson projections which are 
shown in Fig. 2(a), (b), (c). I t  can be seen tha t  the 
halogen-halogen maximum is clearly recognizable, 
especially in the projection of the hydroiodide. From 
this projection the x- and z-parameters of the heavy 
atoms could be derived. Two centrosymmetrie Fourier- 
projections were calculated along the 21-axis for the 
hydrobromide and for the hydroiodide using the signs 
(1) as derived from the position of the heavy atoms 
alone and (2) as determined by isomorphous-replace- 
ment. I t  was found tha t  (1) gave better results. 
19 maxima could be located in the bromine-phased 
and the iodine-phased Fourier projections; the former 
is shown in Fig. 3. After a few trials, it was possible 
to locate with these positions the ring system A, B, C, 
and D in agreement with the conceptions of the organic 
chemists. 

The halogen salts of the samandarine are isotypic. 
The electron-density projections @(x, z) of samandarine- 
hydroiodide is similar to the one of S-HBr  with nearly 
the same atomic positions. After several cycles the 
reliability factor of the hO1 zone reached R1=0. ]7  
for the samandarine-hydroiodide. 

For further investigations the samandarine-hydro- 
bromide was chosen. A new set of hO1 structure factors 
was computed, using the Br-position and the param- 
eters of the 19 maxima. The agreement between the 
observed and calculated structure factors was promis- 
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ing. A second projection showed the position of all 
atoms,  even those of methanol .  
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Fig. 4. The final Fourier-projection o (x, z) 
of samandarine-hydrobromide. 

At this stage of the analysis,  different atomic 
scattering factors for the C, N and 0 atoms were 
introduced and a Debye-Wal le r - tempera ture  factor 
B = 3.0 for all a toms was chosen to calculate a new set 
of s tructure factors. After several cycles, which were 
calculated in fraction of 1/100, the x- and z-parameters 
of all  a toms were refined. Several difference projections 
were calculated, which, however, did not  lead to any  
noticeable improvement .  F ina l ly  no fur ther  improve- 
ment  of agreement  between calculated and observed 
structure factors could be reached. The re l iabi l i ty  
factor for the hO1 reflections was 0.28. Fig. 4 shows 
the last  electron-density projection of the asymmetr ic  
uni t  of samandar ine-hydrobromide.  

T h e  t h r e e - d i m e n s i o n a l  a n a l y s i s  

From the refined x- and  z-parameters and  the assumed 
average C-C-distance of 1-50 A, a three-dimensional  

model  of the samandarine-molecule  was constructed. 
Because of the uncer ta in ty  of the  l inkage between 
the molecule and  the Br-ion, the la t ter  was shifted 
towards the molecule, unt i l  the  best agreement  be- 
tween the calculated and the observed structure 
factors was reached. Having  found the opt imal  posi- 
t ion of Br- ,  the phases of all s tructure factors were 
calculated. The position of the  methanol  was not  yet  
known and  therefore not  considered in these calcula- 
tions. The agreement  between observed and  calculated 
hkl structure factors was promising with R1 =0.30.  

Using the phases from these structure factors, a 
three-dimensional  Fourier  synthesis  was calculated. 
This synthesis  confirmed the chosen position of the 
atoms, refining them somewhat  in respect to their  
y-parameters.  Also the  methanol  could be located. 
For the new set of calculated structure factors, the 
refined atomic positions including methanol  were 
used. The agreement  factor dropped to R1 =0.26.  

In  the mean t ime  the  new set of observed structure 
factors became available.  Wi th  these values as co- 
efficients and  the improved phases, a second three- 
dimensional  Fourier  synthesis  in fractions of 1/50 was 
computed,  which fur ther  refined the  y-parameters.  
For a ref inement  of x- and  z-parameters,  a Fourier  
projection in fractions of 1/100 was calculated. The 
result  of the second three dimensional  synthesis in 
sections with respect to the b-axis is shown in Fig. 5. 

, 2 "  

Fig. 5. The Fourier-synthesis in section along [010] due to 
the three-dimensional Fourier-synthesis. 

Wi th  the f inal  atomic parameters  about  1400 struc- 
ture factors were calculated. The agreement  factor 
reached 0-25 including unobserved reflections. 
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T~ble 2. Measured and calculated values of the three dimensional structure factors of samand~rine-hydrobro~le 
The c~lculated s t ruc ture  f~c~ors ~re taken from the  ]amt ]east-squares cycle 
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T h e  t h r ee -d imens iona l  Four ie r  syn these s  were cal- 
cu la t ed  us ing  the  I B M  650. The  ca lcu la t ions  were  
m a d e  in  sect ions  x, 0, z; x, 1/50, z; x, 2/50, z; etc  . . . . .  
Af te r  h a v i n g  t r a n s f o r m e d  the  s t r u c t u r e  fac tors  b y  
m u l t i p l y i n g  t h e m  w i t h  t h e  phase  fac tor  of the  des i red  
sect ion,  t he  usua l  p r o g r a m  for two-d imens iona l  Four ie r  
series could be used.  The  rou t ines  for p r epa r ing  the  
s t ruc tu re  fac tors  for t he  d i f fe ren t  sect ions  a n d  for t he  
pa r t i a l  s u m m a t i o n s  of the  Four i e r  coefficients were 
w r i t t e n  b y  S. GSt t l icher .  

Cycle 1 
Cycle 6 

Cycle 1 
Cycle 6 

Cycle 1 
Cycle 6 

Cycle 1 
Cycle 6 

Cycle 1 
Cycle 6 

Leas t - squares  r e f i n e m e n t  Cycle 1 
Cycle 6 

A f u r t h e r  r e f i n e m e n t  of t he  t h ree -d imens iona l  d a t a  Cycle 1 
was based  on the  m e t h o d  of l eas t - squares  us ing  the  Cycle 6 
leas t - squares  p r o g r a m  of L e v y  & Bus ing  for t he  I B M  Cycle 1 
704. Fo r  t he  f i rs t  two  cycles t he  x, y, z -pa ramete r s  Cycle 6 
of al l  25 a toms  of t he  a s y m m e t r i c  un i t ,  t he  scale fac- Cycle 1 
tors  for each layer - l ine  a n d  the  overa l l  t e m p e r a t u r e  Cycle 6 
factor ,  s t a r t i ng  w i t h  B = 3 . 0 ,  were var ied.  The  reli- Cycle 1 
a b i l i t y  fac tor  d r o p p e d  t h e n  f rom R 1 = 0 . 2 5  to R1 =0-19.  Cycle 6 
The  x, y, z -pa ramete r s  d id  no t  change  essen t ia l ly  a f te r  Cycle 1 
t he  second cycle a n d  therefore  t he  i nd iv idua l t empe r -  Cycle 6 
a tu re  fac tors  for each  a t o m  were va r i ed  in  the  fol lowing Cycle 1 
two cycles. The  scale fac tors  a n d  the  overal l  t em-  Cycle 6 
p e r a t u r e  fac tor  were he ld  c o n s t a n t  in  these  cycles. Cycle 1 
The  t e m p e r a t u r e - f a c t o r s  of t he  m e t h a n o l  a toms  be- Cycle 6 
came 7.76 for the  C-a tom a n d  10.13 for o x y g e n  whereas  Cycle 1 
t he  t e m p e r a t u r e - f a c t o r s  of al l  t h e  o ther  a toms  re- Cycle 6 
m a i n e d  in  t he  r ange  be tween  B=3--4. (See Table  3.) Cycle 1 

I n  t he  fol lowing f i f th  cycle t he  t empe ra tu r e - f ac to r s  Cycle 6 
of t h e  m e t h a n o l - a t o m s  were he ld  cons tan t .  Since the  Cycle 1 
x, y, z -pa ramete r s  of t he  a toms  d id  no t  show notice-  Cycle 6 
able  dev ia t ions  f rom those  of the  p rev ious  cycle,  t h e y  Cycle 1 
were he ld  c o n s t a n t  du r ing  the  s i x th  a n d  l as t  cycle in  Cycle 6 
which  on ly  t he  scale-factors  were var ied .  Cycle 1 

Af te r  t he  t h i r d  cycle w i t h  R1=0 .180  the  R~-factor Cycle 6 
d r o p p e d  to  R1=0.1%.  in  t he  fou r th  cycle, to  R1=0.16~ 

Cycle 1 
in  t he  f i f th  cycle a n d  r e m a i n e d  c o n s t a n t  in  the  las t  Cycle 6 
cycle. 

Cycle 1 
Tab le  2 shows the  comple te  set  of s t r u c t u r e  fac tors  Cycle 6 

on t h e  f ina l  scale of t he  l a s t  l eas t - squares  cycle. The  
p a r a m e t e r s  of al l  a t oms  in  the  a s y m m e t r i c  un i t ,  w i t h  

Tab le  3. The final x, y, z-parameters and individual 
temperature factor of samandarine-hydrobromide 

Temper- 
ature- 

Atom x y z factor 
Cycle 1 Br 0.019 0.135 0-119 
Cycle 6 0.019 0-135 0.120 4.67 

Cycle 1 C1 0-789 0-680 0.276 
Cycle 6 0.787 0-699 0.274 3.18 

Cycle 1 C2 0.906 0-622 0.275 
Cycle 6 0.907 0-632 0-270 3.18 

Cycle 1 C3 0.822 0.718 0.088 
Cycle 6 0.825 0.740 0.098 3.29 

Cycle 1 C4 0.752 0-540 0.063 
Cycle 6 0.748 0.539 0.062 3.09 

Table  3 (cont.) 
c5 0.724 0.425 0.158 

0.723 0-406 0.156 3.53 

C6 0.637 0-277 0.121 
0.635 0.235 0.122 2-71 

c7 0-525 0-362 0.100 
0.526 0.365 0.108 3.67 

C8 0.507 0.446 0.211 
0.507 0.469 0.215 2.93 

c9 0-589 0.618 0.241 
0.599 0.630 0.245 2-37 

ClO 0.708 0.522 0.259 
0.705 0.528 0-256 2.30 

Cl l  0-575 0.779 0.339 
0.579 0.774 0.347 3.54 

C12 0.468 0-855 0.329 
0.467 0.878 0.329 3.4l 

C13 0-384 0.699 0-313 
0-382 0.704 0-306 3-50 

C14 0-404 0.594 0.205 
0-408 0.582 0.202 2-72 

c15 0-296 0.459 0.172 
0.308 0.455 0-168 3.30 

c16 0-211 0-630 0.199 
0.216 0.597 0.199 3.29 

C17 0.276 0.817 0-264 
0.277 0.820 0.274 3.68 

c18 0.371 0.548 0.398 
0.377 0.548 0.407 3.02 

c19 0-722 0.372 0.352 
0.718 0.369 0.359 3.36 

N 0.938 0.677 0.156 
0-923 0.665 0-150 2.68 

O H 0.144 0.513 0.258 
0.146 0.501 0.259 4.16 

O x 0.780 0-827 0.178 
0-783 0.846 0.181 2.98 

O M 0.112 0.293 0.471 
0.110 0.398 0.478 10.13 

C M 0.048 0.111 0.416 
0.006 0.087 0.400 7-76 

O K refers to the  oxygen  of the  OH-group  (C16). 
O x refers to the  oxygen  of the  e ther  br idge of the  

oxazol idine ring. 
Oj i  refers to the  oxygen  of me thano l .  
C M refers to  the  ca rbon  of me thano l .  

which  t h e  l eas t - squares  r e f i n e m e n t  was s t a r t e d  and  
the  f ina l  p a r a m e t e r s  t o g e t h e r  w i t h  the  f ina l  i nd iv idua l  
t e m p e r a t u r e - f a c t o r  of each  a t o m  are g iven  in  Tab le  3. 

The  s t r u c t u r e  of s a m a n d a r i n e - h y d r o b r o m i d e  is 
d r a w n  s c h e m a t i c a l l y  in  Fig.  6, showing  the  bond  
l eng ths  a n d  bond  angles.  The  va lues  of t h e  bond  
l eng ths  a n d  bond  angles  wh ich  were ca lcu la ted  f rom 
the  f ina l  p a r a m e t e r s  are l i s ted  in  Tab le  4. 

D i s c u s s i o n  of s tructure  

The  s t ruc tu re  ana lys i s  conf i rmed the  s terol  ske le ton  
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Table 4. Bond lengths and bond angles of 
samandarine-hydrobromide 

d Angle 

C x -C~ 1.61 • C 1 -C 2 - N  91 ° 
C9. - N  1.55 C9 -hT -C 3 107 
bl -C 3 1.46 N -C 3 -C 4 111 
C 3 -C 4 1-65 C z -C 4 -C s 113 
C a -C 5 1-49 C a -C 5 -Clo 115 
C 5 -Czo 1-50 C 5 -Czo-Cz 109 
Czo-C 1 1.52 C 5 -C s -C v 108 
C 5 -C 6 1-57 C 6 -C v -C 6 110 
C 6 -C v 1.59 C~ -C 8 -C 9 108 
C 7 -C s 1"54 C s -C 9 -Cxo 114 
C s -C~ 1-59 C 9 -CIo-C 5 110 
C 9 -Czo 1-52 C 9 -Cn-Cx2 110 
C 9 -C n 1-60 Cxz-Ci2-Cza 111 
Cn-CI~ 1.59 C12-C13-Cz4 108 
Cz~-Cla 1" 58 Cz3-Cza-C 8 113 
Cza-Cza 1.56 Cz4-C 8 -C 9 111 
Cza-C 8 1-48 C s -C O -C n 120 
Cx4-C15 1" 54 C13-C1a-C15 105 
Cls-CI6 1.56 C14-C15-C16 106 
Czs-Czv 1.82 CIs-Cz6-Czv 105 
CzT-Cza 1.57 Cz6-CzT-Cza 96 
Cza-Cz6 1.60 CIT-Cz3-Cz4 105 
C10-C19 1"65 C17-C13-C18 113 
C16-0 1" 36 Cz~-CI~-C~o 110 

of t h e  m o l e c u l e  of  s a m a n d a r i n e  a n d  t h e  o x a z o l i d i n e -  
r i n g  s y s t e m  as  d e r i v e d  by c h e m i c a l  m e t h o d s  (Fig. 6). 

F r o m  t h e  a t o m i c  p a r a m e t e r s  t h e  j u n c t i o n s  of  t h e  
r i n g s  t o  e a c h  o t h e r  a n d  t h e  c o n f i g u r a t i o n  of  t h e  r i n g  
s y s t e m  c a n  b e  d e d u c e d .  U s i n g  t h e  n o m e n c l a t u r e  of  t h e  
s t e r o i d s ,  i t  c a n  b e  s h o w n  f r o m  F i g .  7 t h a t  t h e  j u n c t i o n  
b e t w e e n  t h e  r i n g s  B a n d  C is ' t r a n s '  as  i n  a l l  s t e r o i d s ,  
w h e r e a s  t h e  j u n c t i o n  b e t w e e n  t h e  r i n g s  A a n d  B is 
'c is '  a n d  t h e  j u n c t i o n s  b e t w e e n  r i n g s  C a n d  D is 
' t r a n s '  a g a i n .  T h e r e f o r e  s a m a n d a r i n e  c a n  be  r e l a t e d  t o  
5 ~ - a n d r o s t a n e ,  w h i c h  h a s  t h e  s a m e  c i s - t r a n s - t r a n s  
j u n c t i o n  b e t w e e n  t h e  f o u r  r i ngs .  A s  s h o w n  in  F i g .  8, 
b o t h  r i n g s  B a n d  C h a v e  t h e  u s u a l  c h a i r  c o n f i r m a t i o n .  

T h e  c o n n e c t i o n  of  t h e  m o l e c u l e s  t o  e a c h  o t h e r  is 

->  c 

(~Br C 

/o 

_ 

0 Br 

Fig. 6. The s t ructure  of samandar ine-hydrobromide  
showing bond length and bond angles. 

Junction 
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3 

A - B  "cis "' 

B 

! 2 3 ~ 5~ 

B - C "  trans" 

i C 5. 

4, 

3. 

>c ) c  

C-D " trons " 

c 

Fig. 7. Junc t ion  between the rings A - B ,  B-C,  C-.D. 
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b A 

2 

1 

Chair conformation of 

Ring 8 Ring C 

3 

2 

1 

1 2 3 4 A  1 2 3 4 5A 
" C  ~ C  

Fig. 8. Chairconfiguration of ring B and C. 

~ 0  369 ~0"$20./~0"955 

n.~99 ~ 0.097 
V o" , .  

V % 
/H . . . .  0o87 ~'/ v-.,,,, ~/ 

• 820 0.8~ 0"906 

Fig. 9. Connection of the molecules to each other 
in the structure of samandarine. 

shown in Fig. 9. There is a hydrogen bridge of 3-37 A 
between the nitrogen of the oxazolidine ring and  B r -  
and  another  hydrogen bridge of 3.10 /~ between B r -  
and  the oxygen atom of the ring D of the neighbouring 
molecule. This shows tha t  the molecules are l inked 
together via hydrogen bridges. The l inkage of the  
methanol  to the OH-group is schemat ical ly  shown in 
Fig. 9, the O-O distance being 2.89 /k. 
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A Reinvestigation of the Crystal Structure of Thortveitite Sc2Si207 

BY D .  W .  J .  CRUICKS]~_ANK, H. LYNTON* AND (nv P~RT) G. A. B~RCLAY~" 

School of Chemistry, The University, Leeds 2, England 

(Received 28 June 1961) 

With 252 Fo(hkl), least-squares solutions for the structure of Sc2Si20 ~ have been found in each of 
the space groups Cm, C2 and C2/m. After discussion, the correct space group is concluded to be 
C2/m and the Si-O-Si angle is therefore 180 ° [/n agreement with Zachariasen (1930)]. The Si-O 
distances are all close to 1.62/~; the Sc-O distances average 2.13/~. 

1. I n t r o d u c t i o n  

Following some pre l iminary  work by  Gossner & Muss- 
gnug (1929), the crystal  s tructure of thortvei t i te ,  

* Present address: Gillette Research Laboratories, Bas- 
ingstoke Road, Reading, Berks. 

~f Present address: School of Chemistry, University of New 
South Wales, Broadway, Sydney, Australia. 

A C 15 - -  32 

Sc2Si20~, was invest igated b y  Zachariasen (1930), who 
derived a s tructure in the  space group C2/m with a 
l inear S i -O-Si  l ink in the SieO~ pyrosil icate group. 
Barclay,  Cox & Lyn ton  (1956) called a t tent ion to the 
wide range from 131 ° to 180 ° in the reported S i -O-Si  
angles for the  pyrosil icate groups in various minerals  
and  suggested tha t  reinvest igat ions were needed, 
par t icular ly  of those structures in  which 180 ° angles had  


