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add i t ion .  The  in f ra red  s p e c t r u m  of a s amp le  of t he  reac-  
t ion mix tu re ,  w i t h d r a w n  before  hydro lys i s ,  i n d i c a t e d  a 
s t r o n g  a b s o r p t i o n  at  5 ,85/ t ,  and  was ident ica l ,  over  t h e  
range  5.75-6.00 /~, to  t he  s p e c t r u m  o b t a i n e d  f rom a 
s y n t h e t i c  m i x t u r e  c o n t a i n i n g  benzo t r i azo le ,  t he  benz-  
a m i d e  of benzo t r i azo le ,  b e n z a l d e h y d e  and  e ther ,  a n d  
was d i f f e r en t  f r o m  t h a t  o b t a i n e d  f rom t h e  s y n t h e t i c  
m i x t u r e  in t h e  absence  of b e n z a l d e h y d e .  The  r educ t ion  
p roduc t s ,  a f t e r  h y d r o l y s i s  a n d  t h e  usua l  work-up ,  were  
b e n z a l d e h y d e  a n d  benzo t r i azo le .  I t  has  p rev ious ly  been  
r e p o r t e d  t h a t  t h e  r e d u c t i o n  of  t h e  b e n z a m i d e  of benzo-  
t r iazole  w i t h  excess  l i t h i um a l u m i n i u m  h y d r i d e  yie lds  
benzy l  a lcohol  a n d  b e n z o t r i a zo l eL  

A n i t r o g e n - a t u m i n i u m  b o n d  has  been  p o s t u l a t e d  as 
an i n t e r m e d i a t e  in t h e  c leavage  of c o m p o u n d s  c o n t a i n i n g  

I I -. 
t he  - N - C - O -  g roup ing  ~. The  fa i lure  to  fo rm an oxygen -  -. ~ ,- 

a l u m i n i u m  b o n d  in such  c o m p o u n d s  m a y  be due  to  the  
n o n - p o l a r i z a b i l i t y  of th i s  c a r b o n - o x y g e n  bond .  
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Zusammen[assung 

Ein  e in fache r  M e c h a n i s m u s  wurde  vo rgesch lagen  u n d  
ein e x p e r i m e n t e l l e r  Beweis  gegeben,  um die B i ldung  yon 
A m i n e n  ode r  A b s p a l t u n g s p r o d u k t e n  in der  R e d u k t i o n  
yon A m i d e n  mi t  L i t h i u m a l u m i n i u m h y d r i d  zu erkl~iren. 

1 N. G. GAYLORD, J .  A m e r .  C h e m .  Soc.  76, 285 (1954).  
2 N. G. GAVLORO, Exper. (in press). 

Infra-red Study of the Carbonate in Bone, 
Teeth and FrancolitO 

Introduction 

One of t h e  m a j o r  p r o b l e m s  in t he  c r y s t a l l o g r a p h y  of 
t h e  inorgan ic  po r t i on  of t e e t h  a n d  bone,  as well  as t he  

1 This work was partially sponsored by the Air Research and 
Development Command, United StatesAir Force, through its European 
Office under contract n ° AF 61 (514) 647 C. 

mine ra l  f rancol i te ,  is t he  e luc ida t ion  of the i r  c a rbona t e  
c o n t e n t .  M a n y  inves t i ga to r s  have  c l a imed  t h a t  t h e  car- 
b o n a t e  is f o u n d  as an a m o r p h o u s  ca lc ium and  m a g n e s i u m  
c a r b o n a t e  phys i ca l ly  m i x e d  wi th  t he  a p a t i t e  phase  of 
t hese  s n b s t a n c e s L  There  are o the r s  who  bel ieve t h a t  a 
c a r b o n  radica l  s u b s t i t u t e s  in s o m e  way,  in a s t r uc tu r a l  
pos i t ion  of t h e  apa t i t e ,  f o rming  a c a r b o n a t e - b e a r i n g  
m e m b e r  of t he  a p a t i t e  series *. 

The  a m o u n t  of ca rbon  d iox ide  re leased  b y  t r e a t i n g  
t h e s e  ma te r i a l s  w i th  acid is by  no  m e a n s  a t r ace  a m o u n t .  
In  t h e  four  s a mp l e s  s t u d i e d ,  we  h a v e  t h e  fol lowing 
ana lyses  based  on s a mp l e s  pur i f ied  b y  specif ic  g rav i ty  
s e p a r a t i o n  a n d  d r i ed  a t  110°C. (I t  is well  t o  no te  t h a t  
t h e  bone,  d e n t i n e  and  e n a me l  were  f reed of organic  
ma te r i a l  by  boi l ing in a so lu t ion  of K O H  in g lycer ine  
accord ing  to  t h e  m e t h o d  ot GABRIEL3.) 

Sample % CO 2 

cow e n a m e l  2.88 
cow d e n t i n e  3.91 
cow bone  (femur) 5.15 
f rancol i te  2.70 

X-ray  work 

I t  is e v i d e n t  t h a t  if t h e  CO~ were  p r e s e n t  as well 
c rys ta l l i zed  CaCO 3 a n d  MgCO 3, i t  would  be poss ible  to  
see t he  l ines of these  ma te r i a l s  by  X - r a y  d i f f rac t ion .  In  
fac t  it  was d e m o n s t r a t e d  t h a t  it  is poss ib le  to  d e t a c t  as 
l i t t le  as 3% CaCO 3 a d m i x e d  w i t h  a p a t i t e  by  X - r a y  
d i f f r ac t ion  m e t h o d s  4. However ,  t h e  l a t t e r  p roof  d e p e n d s  
upon  well c rys ta l l i zed  calc i te  a n d  in t h e  case of the  
ma te r i a l s  s tud ied ,  i t  is p o s t u l a t e d  t h a t  t h e  c a r b o n a t e s  
are  t oo  f ine ly  c rys ta l l i zed  to  be  d e t e c t e d  b y  X - r a y  

1 W. F. BALE, Amer. J. Roentgenology 95, 735 (1940). - M.L. 
LE FEVRE, W. F. BALE, and H.C. HODGE, J. Dent. Res. 16, 85 (1937). 

G. TROMEL and H. MOLLER, Z. anorg, allgem. Chem. 206, 227 
(1932). - M. J. DALLEMAGNE, J. Physiol. 43, 425 (195I). 

2 D. McCoNNELL and J, W. GRU~ER, Airier. Min. 25, 157 (1940). 
- D. McCONNELL, Bull. Soc. franq. Min6ral. Crist. 76, 428 (195~). 

a S. Z. GABRIEL, Z. physiol. Chem. 18, 257 (1894). 
4 S. R. SILVERSIA~¢, R. K. FUVAT, and J. A. WEISER, Amer. Min. 

37, 21! (1952). 

FR~NOO[IT£ 

I I I I 1 I I 

Fig. l.-X-rays patterns taken with Copper K-alpha radiation. Angles given in degrees theta (O). 
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m e t h o d s .  T h e  p re sence  of pa r t i c l e s  in t h e  i no rgan i c  por-  
t i o n  of  b o n e  a n d  t e e t h  w h i c h  r a n g e  in size be low 100 A 
has  b e e n  d e m o n s t r a t e d  b y  low ang le  X - r a y  s c a t t e r i n g  
t e c h n i q u e s L  H o w e v e r  t h i s  t e c h n i q u e  does  n o t  te l l  us 
e x a c t l y  w h a t  c r y s t a l l i n e  p h a s e  is in  t h a t  size range .  T h u s  

Fraaco/ite \ ! "'.... 

".. ......... - ......... . .............. ,, 

, /o, oo ao, ocu-" 

tqo , /~8 ,  1~8, 1~0 10o0, qo ( .- '  

/ 

i i 

qoo, I6oo, ~*oo, ~oo, Iooo, , ~ ,  cM-', 

"%... 

• ...... j 

Fig. 2 , -A comparison of the infra-red spectrum of dentine, enamel, 
bone and franeolite with the standards calcite and magnesite. The 
large band appearing at about 1050 eru -1 is tbe orthophosphate band 

of apatite. 

X - r a y  d i f f r ac t i on  t e c h n i q u e s  a lone  h a v e  been  unsuccess -  
ful  in  p o s i t i v e l y  e l u c i d a t i n g  t h e  c h a r a c t e r  of t h e  car-  
b o n a t e  c o n t a i n i n g  apa t i t e s .  T h i s  is i l l u s t r a t e d  in F i g u r e  1 
w h i c h  c o m p a r e s  t h e  X - r a y  p a t t e r n s  of t h e  m i n e r a l  f r an -  
co l i t e  be fore  a n d  a f t e r  a b o u t  one  t h i r d  of t he  CO 2 ha s  

1 A. S. POSNER and S. R. STEI'H~SSON, J. Amer, Dent, Assoc. 46, 
~57 (1953). 

b e e n  l e a c h e d  o u t  b y  l ac t i c  ac id  t r e a t m e n t ,  T h e  two  
p a t t e r n s  a re  iden t i ca l ,  s h o w i n g  t i le  a b s e n c e  of t h e  c a r b o -  
n a t e  in t h e  a p a t i t e  phase ,  in a so r t  of n e g a t i v e  m a n n e r .  

In f ra-red  studies 

I t  h a s  been  s h o w n  in t h e  case  of ca lc i t e  t h a t ,  as  i ts  
pa r t i c l e  size decreases ,  t h e  i n t e n s i t y  a n d  r e s o l u t i o n  of 
t he  c h a r a c t e r i s t i c  i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  in- 
creases  1. T h i s  m a k e s  t he  i n f r a - r ed  a b s o r p t i o n  m e t h o d  
ideal  for  c h a r a c t e r i z i n g  a poss ib le  m i x t u r e  of a m o r p h o u s  
ca lc i t e  a n d  wel l  c r y s t a l l i z e d  a p a t i t e ,  Due  to  excess ive  
b r o a d e n i n g  of t h e  m a x i m a ,  X - r a y  d i f f r a c t i o n  is u n a b l e  
to  s h o w  c r y s t a l s  w h i c h  a re  be low a b o u t  100 A in d ia-  
m e t e r .  On  t h e  o t h e r  h a n d ,  i n f r a - r e d  s p e c t r o s c o p y  can  
d e m o n s t r a t e  t he  p resence  of f ine c rys ta l s .  

T h e  s a m p l e s  were  p r e p a r e d  for  e x a m i n a t i o n  b y  m a k i n g  
a d r y  m i x t u r e  of  c h e m i c a l l y  pu re  K B r  c o n t a i n i n g  2-5 % 
of t h e  a p a t i t e .  A f t e r  m i x i n g  in a h a n d  m o r t a r ,  t h e  mix -  
t u r e  was  p re s sed  i n to  a pas t i l l e  of wa fe r  s h a p e  ( a b o u t  
12 m m  d i a m e t e r  a n d  1 m m  th ick )  in a p ress  w h i c h  was 
c o n s t a n t l y  e v a c u a t e d  to  a v o i d  a i r  a n d  m o i s t u r e  e n t r a p -  
m e n t  a n d  k e p t  a t  a p ressu re  of 10 t ons  for  5 rain.  T h e  
pas t i l l e  was  b a l a n c e d  a g a i n s t  a s t a n d a r d  pas t i l l e  of p u r e  
K B r  in  a d o u b l e  b e a m  PERKIN-ELMER in f r a - r ed  s p e c t r o -  
m e t e r  a n d  t h e  s p e c t r u m  t a k e n  b e t w e e n  1800 c m  -x a n d  
650 c m  -1. T h e  r e su l t s  are  s h o w n  in F i g u r e  2. 

Conclus ions  

I t  s eems  a p p a r e n t  t h a t  t h e r e  ex i s t s  in  f ranco l i t e ,  
e n a m e l ,  b o n e  a n d  d e n t i n e  a c h e m i c a l  b o n d  b e t w e e n  
c a l c i u m  a n d  c a r b o n a t e  a n d  b e t w e e n  m a g n e s i u m  a n d  
c a r b o n a t e  w h i c h  is i d e n t i c a l  to  t h e s e  b o n d s  in ca lc i te  
a n d  m a g n e s i t e .  T h i s  wou ld  t e n d  to  s u p p o r t  t h e  n e g a t i v e  
X - r a y  d i f f r ac t i on  e v i d e n c e  w h i c h  shows  no  c h a n g e  in  
t h e  a p a t i t e  p h a s e  w h e n  t h e  CO 2 is r e m o v e d .  

A. S. POSNER a n d  G. OUYCKAERTS 

Ins t i tu te  o/ exper imen ta l  Therapeut ics  and  Labora tory  
o/ analy t ica l  Chemis try ,  Univers i t y  o[ Libge, M a r c h  23, 
1954. 

Rdsumd 

L a  d i f f r a c t i o n  des  r a y o n s  X e t  la  s p e c t r o g r a p h i c  in f ra -  
rouge  o n t  6t6 e m p l o y 6 e s  p o u r  r e c h e r c h e r  la  p r6sence  de  
ca lc i t e  e t  de m a g n 6 s i t e  d a n s  la f r a c t i o n  m i n 6 r a l e  de l 'os  
e t  des d e n t s  a ins i  que  d a n s  le m i n 6 r a l  qu i  lui  es t  le p lus  
p r o c h e  au  p o i n t  de  r u e  c h i m i q u e ,  la f r anco l i t e .  Le r6- 
s u l t a t  pos i t i f  o b t e n u  d a n s  l ' i n f r a - r o u g e  i n d i q u e  la  pr6- 
sence  de  l i a i sons  CaCO 3 e t  MgCO 3 associ~es ~ la  m a t r i c e  
f o n d a m e n t a l e  d u  t y p e  a p a t i t e  de  ces s u b s t a n c e s .  

1 G. DUYCKAERTS and R. LEJEUNE, Spectrochimica Acta (in 
publication). 

Multiple Spots on Paper Chromatograms 

I t  is n o r m a l l y  a s s u m e d  t h a t  p u r e  o rgan ic  c o m p o u n d s  
g ive  s ingle  s p o t s  o n  p a p e r  c h r o m a t o g r a m s  a n d  t h e r e  is 
n o  d o u b t  t h a t ,  in  t h e  m a j o r i t y  of cases,  t h e  a s s u m p t i o n  
is ju s t i f i ed .  T h e r e  are,  h o w e v e r ,  va r i ous  r e c o r d e d  in-  
s t a n c e s  of p u r e  c o m p o u n d s  g iv ing  m u l t i p l e  spots .  I n  
some  cases  t h e  d e v e l o p m e n t  of  s eve ra l  spo t s  is due  to  
t h e  f o r m a t i o n  of a n e w  m o l e c u l a r  species  u n d e r  t h e  
c o n d i t i o n s  of  c h r o m a t o g r a p h y .  G l u c u r o n i c  ac id  gives  
spo t s  c o r r e s p o n d i n g  to  t h e  o r ig ina l  c o m p o u n d  a n d  t h e  


