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s a v o n s  ~tudi~s ,  e n  n o u s  a c c u e i l l a n t  d a n s  son  l a b o r a -  
t o i r e  d e  l ' E t a t  So l ide .  N o u s  e x p r i m o n s  d g a l e m e n t  a u  
D r .  G. B r a u n  r o u t e  n o t r e  g r a t i t u d e  p o u r  son  a i d e  e t  
ses consef ls ,  lo rs  de  ces m e s u r e s .  
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Sal ts  of t e t r a cyc l i ne  (TC) a n d  o x y t e t r a c y c l i n e  (0TC)  w i t h  
inorgan ic  acids  f o rm  a n u m b e r  of closely r e l a t ed  m o l e c u l a r  
complexes  w i t h  c o m p l e x i n g  agen t s  such  as a l ipha t i c  
ca rboxy l i c  acids  or  u r e a  de r iva t ives  (Ogawa & I n o u y e ,  
1960; I n o u y e ,  1961; I n o u y e  & Ogawa ,  1961). A genera l  
f o r m u l a  of t he  sa l t - complexes  is 2 TC sa l t  (or 2 0 T C  
salt) . c o m p l e x i n g  a g e n t . x H 2 0 ,  w h e r e  x is 10 in t he  case 
of sulfate-  a n d  f luos i l ica te-complexes ,  a n d  6 in  t h e  case 

of n i t r a t e -  a n d  h y d r o c h l o r i d e - c o m p l e x e s .  T h e  d e c a h y -  
d r a t e s  a re  u n s t a b l e  c o m p a r e d  w i t h  t h e  h e x a h y d r a t e s ,  
a n d  r ead i ly  lose a b o u t  4 molecu les  of w a t e r  to  c o n v e r t  
in to  h e x a h y d r a t e s  w h e n  exposed  to  d r y  air .  E x a m i n a t i o n  
of t he  p o w d e r  p a t t e r n s  of t h e  sa l t - complexes  r evea l ed  
t h e  p resence  of a t  leas t  four  d i s t inc t  c rys t a l  s t ruc tu res ,  
n a m e l y ,  da ,  dfl, h~, a n d  h~, d a  a n d  dfl being  types  of 
d e c a h y d r a t e ,  a n d  h F a n d  hc$ t y p e s  of h e x a h y d r a t e .  

Tab le  1. Unit cells and crystal densities of salt-complexes 

TC Salt-complex Type a (A) b (A) 

Sulfate-acetic acid dot 15.87 10.50 
Sulfate-aspartie acid da  15.82 10-50 
Sulfate-fumaric acid dc~ 15.81 10.50 
Sulfate-malonie acid dec 15.93 10.50 
Sulfate-monobromoacetie acid d a  15.79 10.49 
Sulfate-monochloroacetic acid dec 15.90 10.50 
Sulfate-oxalic acid d a  15.72 10.50 
Sulfate-propionie acid da 15.72 10.49 
Sulfate-water( a ) d~ 15.90 10.50 
Sulfate-water(S) dec 15-82 10.49 
Fluosilicate-monochloroacetic acid d~¢ 15-91 10.49 
OTC Sulfate ace t ic  acid dc~ 15-79 10.50 
Sulfate-glutarie acid dfl 16.05 10.50 
Sulfate-malonic acid dfl 15.<97 10.53 

(1) Unless otherwise stated, the values were calculated by the formula:  
(2) Calculated for 2 TC sulfate.2/5 aspartie acid. 10 water. 
(a) Calculated for 2 TC sulfate. 4/5 fumaric acid. 10 water. 
(a) The dodecahydrate  crystallized in the presence of guanidine sulfate. 
(5) The dodecahydrate  crystallized in the presence of dimethylglyoxime. 

Crystal density 
^ 

"Calculated(1) Found"  
c (A) fl (g.cm -3) (g.cm -3) 

17.36 109 ° 00' 1.49 1.49 
17.32 109 ° 12' 1.49( 2 ) 1"49 
17.34 108 ° 36' 1"56(3) 1"52 
17"50 109 ° 12' - -  - -  
17"46 108 ° 40" 1"58 1"55 
17.38 108 ° 48' 1.525 1.52 
17-44 109 ° 06' 1.555 1"53 
17"40 108 ° 24' 1-51 1"49 
17"35 109 ° 12' 1.46 1.47 
17.31 109 ° 00' 1.46 1.47 
17"50 109 ° 00' - -  - -  
17.40 108 ° 12' 1.52 1.515 
32.40 - -  - -  - -  
32.13 - -  1"55 1-52 

2 TC (or OTC)salt. complexing agent .  10 H20. 
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In  this  communicat ion,  the lat t ice parameters  and sym- 
metries  of the  dc~ and d E types  are reported and their  
probable s t ructure  principles are proposed. 

Table  1 indicates the unit-cell  parameters  of the 
d~ and dfi types  of the salt-complexes together  wi th  
the  crystal  densities. Cell parameters  were calculated 
main ly  from the oscillation and hO1 Weissenberg photo- 
graphs about  the b axis wi th  Cu Kc~ radiat ion.  Mean 
errors for the da cell dimensions were a, _ 0-04, b, ± 0.02, 
c, +_0-04 /~; fl, +_0-2 ° . Those for the dfi cells were 
a, _+ 0.04, b, ± 0-03, c, +_ 0.05/~. The values for densities, 
which were determined by  a f lotat ion method,  are no t  
expected to be more accm'ate t han  +_ 0.02 g.cm -~, since 
the  crystals  were easily dehydra ted .  Space groups of the 
d~ and d E types  were determined as P 2  z and P2z212z 
respectively b y  considering the optically active character  
of TC and OTC coupled wi th  the systemat ic  absences, 
which were 0k0 when /¢ is odd for the former, h00, 0k0 
and 001 when h, /¢ and l are odd for the lat ter .  

F rom the  comparison of the powder pat terns ,  i t  was 
fur ther  indicated t h a t  the  decahydra tes  of the  following 
salt-complexes also have  the same monoclinic cell 
dimensions as those of the dc~ crystals  given in Table 1: 
TC sulfate-acryl ic  acid, -cyanamide ,  -d icyanodiamide ,  
- formic  acid, -glycolic  acid, -hydan to in ,  - m e t h y l  hydro-  
gen oxalate,  -pyraz ine ,  -succinimide,  a n d - t h i o a c e t i c  
acid complexes; TC fluosflicate-acetie acid, -d icyano-  
diamide, - f o r m a m i d e , - f o r m i c  acid, -hydan to in ,  and 
-succinimide complexes; OTC sulfate-monochloroacetic 
acid and -propionic acid complexes. On the other hand,  
two members  of the decahydrates  of TC sulfate-complexes 
(-ascorbie acid and -paraban ic  acid complexes) were 
found to belong to the orthorhombic dE type.  

Al though the crystals  of these salt-complexes contain 
a var ie ty  of complexing agents of varied types and sizes, 
the  unit-cell  dimensions are near ly  constant .  Fur ther-  
more, the  reflection intensit ies of the different kinds of 
dc~ crystals,  which were examined main ly  on the hO1 and 
hl l  Weissenberg photographs  of the sulfate-complexes 
listed in Table 1, showed a str iking similari ty to one 
another.  This fact  suggests t h a t  the crystal  s t ructure  
of the dc~ crystals  consists of an  almost  identical frame- 
work which encloses spaces capable of containing a 
complexing agent  isomorphously.  I t  also suggests t h a t  
the  location or or ientat ion of the complexing agent  in 
the cavi ty  m a y  be s tat is t ical ly random. These results, 
however, seem to be not  in accordance wi th  those which 
m a y  be obtained in the case of a coordination compound 
such as t e t r ae thy lammonium bromide succinimide com- 
plex, because the formation of a coordination compound 
is restr icted not  only by  charge dis tr ibut ion of a complex- 
ing agent  bu t  also by  dimensional factors (Powell, 1958). 
Therefore, the most  probable s t ructure  of the da type  
is that of ~ clathr~te (P~lin & P0well, 1948). 

The orthorhombic dE s t ructure  is a polymorphic 
modification of the monoclinic da, since TC sulfa te-  
malonic acid complex crystallizes in bo th  of them.  
Comparison of the cell parameters  between the two 
structures shows t h a t  a and b are almost  identical,  while 
Cd~ corresponds to 2 Cd~ sin ft. Hence,  if two monoclinic 
cells of the da are twinned as shown in Fig. 1, where 
the twinning axis is the  twofold screw axis lying at  
y--¼ or ~ in [001], the  newly formed orthorhombic cell 
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Fig. l. Relationship between the da type monoclinic cell (P2z) 
and the dfl type orthorhombic cell (P212121). Projections 
along [010]. 

has near ly  the same cell dimensions, and the same space 
group, as the dfl cell. I t  is, therefore, possible t h a t  the  
dfl s t ructure  is really a monoelinic one submicroscopically 
twinned,  having  essentially the same molecular packing 
as in the da type.* In  this connection, it  is interest ing 
to note  t h a t  the da crystals  are often twinned macro- 
scopically on {001}. 

Ful l  details of this  paper  will be published elsewhere. 
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