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Cellulose is a p o l y m e r  of fl-D-glucose in  w h i c h  g lucose  
r e s idues  a re  l i n k e d  1 to  4. T h e  a u t h o r  ha s  u n d e r t a k e n  
a d e t a i l e d  e x a m i n a t i o n  of t h e  c rys t a l  s t r u c t u r e  of fl-D- 
g lucose  as a p r e l i m i n a r y  to  a s t u d y  of o t h e r  m o r e  c o m p l e x  
cel lulose o l igosacchar ides .  Spons l e r  & D o r e  (1931) s t u d i e d  
t h e  X - r a y  p o w d e r  d i a g r a m  of fl-D-glucose b u t  m a d e  n o  
d e d u c t i o n s  r e g a r d i n g  t h e  size of t h e  u n i t  cell. M c D o n a l d  
& B e e v e r s  (1950, 1952) d e t e r m i n e d  t h e  c ry s t a l  s t r u c t u r e  
of a -D-glucose  a n d  s h o w e d  t h a t  t h e  p y r a n o s e  r i ng  pos-  
sessed t h e  Sachse  trans c o n f i g u r a t i o n .  I t  is to  be  e x p e c t e d ,  
t he re fo re ,  t h a t  fl-D-glucose wil l  also possess  th i s  f o r m  
a n d  th i s  was  c o n f i r m e d  b y  t h e  p r e s e n t  i n v e s t i g a t i o n .  

T h e  fl-D-glucose was  p r e p a r e d  b y  t h e  m e t h o d  of H u d s o n  
& Da le  (1917) a n d  t h e  c rys t a l s  we re  g r o w n  f r o m  a solu- 
t i o n  of a c e t o n e  a n d  w a t e r  a t  t e m p e r a t u r e s  j u s t  a b o v e  t h e  
ice p o i n t .  S ingle  c rys t a l s  were  o r t h o r h o m b i c  w i t h  space  
g r o u p  P212121 a n d  s h o w e d  (101) a n d  (10i)  as faces.  
T h e  un i t - ce l l  d i m e n s i o n s  a re  

a -- 9.29 + 0.05, b = 12.65 _+ 0.03, c = 6.70 + 0.03 /~ .  

On t h e  a s s u m p t i o n  of 4 m o l e c u l e s  in t h e  u n i t  cell, th i s  
g ives  a c a l c u l a t e d  d e n s i t y  of 1.520 g .cm.  -3 c o m p a r e d  w i t h  
a n  o b s e r v e d  d e n s i t y  of 1.535 g . cm.  -3. 

T h e  in t ens i t i e s  of t h e  X - r a y  re f lec t ions  were  m e a s u r e d  
v i sua l l y  f r o m  W e i s s e n b e r g  p h o t o g r a p h s  t a k e n  a b o u t  each  
of t h e  c r y s t a l l o g r a p h i c  axes  u s i n g  Cu K a  r a d i a t i o n .  

T h e  s t r u c t u r e  was  d e t e r m i n e d  in t h e  (001) p r o j e c t i o n  
f r o m  s ign  r e l a t i o n s h i p s  u s ing  t h e  m e t h o d  of G r a n t ,  
Howe l l s  & R o g e r s  (1957). Th i s  led  to  an  i n t e r p r e t a b l e  

Fig. 1. The hydrogen  bonding sys tem in the  (001) project ion 
of #-D-glucose. Hydrogen  bonds are shown as dashed lines. 

e l e c t r o n - d e n s i t y  m a p  a n d  t h e  c o - o r d i n a t e s  o b t a i n e d  
were  r e f ined  b y  success ive  F o u r i e r  syn these s .  T h e  posi-  
t ions  of t h e  a t o m s  in th i s  p r o j e c t i o n  are  s h o w n  in F ig .  1 
a n d  i t  can  be  seen  t h a t  t h e  p y r a n o s e  r i ng  possesses  t h e  
Sachse  trans c o n f i g u r a t i o n .  A p p r o x i m a t e  z c o - o r d i n a t e s  
w e r e  o b t a i n e d  f r o m  a t r i a l  a n d  e r ro r  p rocess  u s ing  
M c D o n a l d  & B e e v e r s  b o n d  l e n g t h s  for  a-D-glucose  for  
t h e  t r a n s f e r  f r o m  t h e  (001) to  t h e  (100) p r o j e c t i o n .  
A n  in i t ia l  F o u r i e r  s y n t h e s i s  was  p e r f o r m e d  w i t h  t h e  Okl 
d a t a  a n d  th i s  s h o w e d  r e s o l u t i o n  of all a t o m s  e x c e p t  
C 5, C 6 a n d  06. Th i s  zone  was  t h e n  r e f ined  b y  success ive  
F o u r i e r  s y n t h e s e s .  T h e  hOl s t r u c t u r e  f ac to r s  w e r e  t h e n  
c a l c u l a t e d  a n d  a F o u r i e r  s y n t h e s i s  p e r f o r m e d  for  th i s  
zone.  Th i s  s h o w e d  p o o r  r e s o l u t i o n  b u t  g a v e  a g o o d  ind ica-  
t i o n  of t h e  z c o - o r d i n a t e s  of C 5 a n d  C 6, p a r t i c u l a r l y  t h e  
l a t t e r .  T h e  o n l y  o u t s t a n d i n g  p a r a m e t e r  is t h e  z co- 
o r d i n a t e  of t h e  O e a n d  th i s  was  d e t e r m i n e d  a t  th i s  s t age  
b y  t r ia l  a n d  error .  

T h e  co -o rd ina t e s  of t h e  a t o m s  are  as fol lows:  

x (A) y (/ix) z (A) 

C 1 0.21 2.05 3.04 
C 2 -- 0-72 0-87 2-62 
C a -- 0.09 0.09 1.48 
C 4 0.47 0.99 0-42 
C 5 1.34 2.05 1.01 
C 6 1.91 2.99 --0"06 

01 --0.57 2.90 3.86 
O 3 -- 1.05 0"06 3"77 
O a -- 1.04 -- 0-82 0.93 
04 1.15 0.24 -- 0"66 
05 0.61 2-80 1-92 
06 0"91 3"72 -- 0"67 

T h e s e  c o - o r d i n a t e s  a re  n o t  y e t  su f f i c i en t ly  a c c u r a t e  t o  
enab l e  m u c h  s ign i f icance  to  be  a t t a c h e d  to  t h e  cal- 
c u l a t e d  b o n d  l e n g t h s  a n d  ang les  b u t  t he se  a p p e a r  to  be  
v e r y  s imi la r  to  t h e  va lue s  f o u n d  for  a-D-glucose,  e x c e p t  
t h a t ,  a t  th i s  s tage ,  t h e r e  is n o  e v i d e n c e  of u n d u e  s h o r t e n -  
ing of the C1-0i and C6-06 bonds such as was found for 
a-D-glucose .  

I n t e r m o l e c u l a r  o x y g e n  s e p a r a t i o n s  were  c a l c u l a t e d  a n d  
fou r  pa i r s  of a t o m s  h a d  va lues  in  t h e  r eg ion  2.7 t o  2.8 _~ 
a n d  t h e r e f o r e  m u s t  c o r r e s p o n d  to  h y d r o g e n  b o n d s .  T h r e e  
of t he se  Os-O~, Os-O~ a n d  O~-O~' a re  s h o w n  in t h e  f igure .  
T h e  on ly  o t h e r  poss ib le  b o n d s  are  b e t w e e n  t h e  o x y g e n  
a t o m s  of one  m o l e c u l e  a n d  t h e  o x y g e n  a t o m s  of t h e  
i den t i ca l l y  o r i e n t e d  m o l e c u l e  sh i f t ed  one  cell l e n g t h  
a long  c. T w o  poss ib i l i t ies  a re  f o u n d .  One  of these ,  0 6 - 0 1  
(no t  s h o w n  in t h e  t w o - d i m e n s i o n a l  f igure)  c o r r e s p o n d s  
to  t h e  f o u r t h  h y d r o g e n  b o n d .  T h e  o t h e r  0 4 - 0  2 ha s  a 
s e p a r a t i o n  of 3.2 A a n d  is r a t h e r  la rge  for  a h y d r o g e n  
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bond.  This distance is similar to some of the oxygen-  
oxygen separations found by  Beevers, McDonald,  Rober t -  
son & Stern (1952) in sucrose. In f ra red  spectra  confirm 
this long O-O distance (Mann & Marrinan,  1958). 
fl-D-glucose crystals show a band  at  3540 cm. -1, which 
is to be compared  wi th  a band  at  3570 cm. -1 in sucrose 
and approximate ly  3620 cm. -1 for unbonded  OH groups 
in di lute solution in carbon tetrachloride.  The observed 
f requency in fl-D-glucose mus t  be due to an OH group, 
which interacts  only weakly  wi th  its env i ronment  and it 
is concluded tha t  O4 and  its associated hydrogen  con- 
s t i tu te  this group. 

The above co-ordinates were used to compute  s t ruc ture  
factors and  the value of R=~][Fo[-[Fc]I /Z[Po[ was 
calculated for all three  zones using a t empera tu re  factor 
of exp ( - 1 . 5  sin e 0/A~). The values obta ined were 

R(hkO) = 0.21, R(OIcl) = 0-22, R(hOl) = 0.26 

for all observed reflections. 
I t  is in tended  to carry  out  three-dimensional  re f inement  

and  full details of the  crystal lographic analysis will be 
published when the work is complete.  

This work originally formed part of a programme of 
fundamental research undertaken by the British Rayon 
Research Association and the author wishes to express 
his sincere appreciation of their continued support and 
interest. 
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There has been much  interest  in compound  format ion 
in the  boron-si l icon sys tem since the  original work of 
Moissan & Stock (1900). Two phases only have  been 
reported,  name ly  B3Si and  B6Si. The la t te r  is well 
established (Cline, 1959), and  while our work on the  boron 
silicides was in progress, s t ruc tura l  da ta  for or thorhombic  
B6Si were repor ted (Cline, 1958 ; Adamsky ,  1958). A cubic 
form of B6Si has also been suggested (Zhuravlev, 1956). 
The repor ted  te t ragonal  B3Si (Samsonov & Latysheva ,  
1955) has been quest ioned (Gurevich, E p e l ' b a u m  & 
Ormont ,  1957). 

The invest igat ion of the si l icon-boron system has been 
conducted  in this labora tory  for some t ime and samples 
for this invest igat ion were obta ined from E.  Colton. 
Samples were made  f rom mixtures  of silicon and  amor- 
phous boron or from silicon melts  a t  t empera tu res  
ranging from 1350 to 1850 °C. Excess silicon was removed  
by t r e a t m e n t  wi th  a mix tu re  of nitr ic and  hydrofluoric  
acids. 

At  least four different  crystal l ine forms were found, 
two of which were identified, namely,  B6Si and  a new 
form, B4Si. The former  has been obta ined as powder  and 
crystals,  the  da t a  on which agree very  well wi th  earlier 
work  (Cline, 1958; Adamsky ,  1958; Cline, 1959). 

Purif icat ion of samples for chemical  analysis was 
difficult because H F - H N O  a acid mix tu re  slowly de- 
composes B4Si. Fur the rmore ,  some negligible quan t i t y  of 
B6Si is also always present  in the  sample.  Because B6Si 
is no t  a t t acked  by the acid mixture ,  purif icat ion results 
in enr ichment  of B6Si. Some a m o u n t  of boron ni t r ide 
appears  also to be formed dur ing purification. Samples 
for analysis contained,  therefore,  e i ther  some metall ic  
silicon or, when  silicon was complete ly  removed,  some 
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BeSi and  BI~. The boron to silicon rat io was therefore  
found to va ry  be tween 3.7 and  4.3. The following is a 
chemical  analysis of such a sample.  

Silicon 36.6% A l u m i n u m  0.3% 
Boron 60.2 I ron  0.2 
Magnesium 0.2 Calcium 0.2 
Ni t rogen 0.6 Moisture 0.3 
Oxygen 0.5 

A more  detai led repor t  on the  prepara t ion  and purifica- 
t ion of B4Si will appear  later.  

The specific g rav i ty  of B4Si, measured  by  heavy  l iquids 
m e t h o d  is 2.47 g.cm. -a. 

Table 1. Powder diffraction data for B4Si 
(Cr K a  radiation) 

hkl d (A) I / I  o hkl d (A) I / I  o 
101 4.985 20 027 1.516 1 
012 4.147 30 131 1.510 30 
110 3-159 20 223 1.485 1 
104 2.745 90 312 1.480 20 
021 2.674 100 306 1.384 10 
202 2.518 1 401 1.361 1 
015 2.308 5 315 1.3059 2 
006 2.120 1 119 1.2925 1 
024 2.076 1 226 1.2689 l 
211 2.043 20 321 1.2518 1 
116 1.762 20 1,0,10 1.2410 2 
107 1.724 l0 232 1.2342 1 
303 1-677 10 045 1.2070 3 
125 1-606 50 410 1.1962 3 
220 1.582 30 324 1-1700 5 
018 1.527 5 


