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scopy  as descr ibed  p r ev i o u s l y L  T h e  d a t a  f rom X-ray  
d i f f r ac t ion  p o w d e r  p h o t o g r a p h s  are  l i s ted  in t h e  Table 
a long  w i t h  d a t a  on  well  c rys ta l l i zed  B o e h m i t e  s. Figures  1 
a n d  2 are  e lec t ron  m i c r o g r a p h s  of SCHMIDT'S gel. F igure  3A 
is of WILLSTXTTER'S gel a n d  F igu re  3 B  is of KRAUT'S 
C - g a m m a  gel. 

Rdsumd 

Nous  a v o n s  6 tud i6  l ' a d s o r p t i o n  n6ga t i ve  des  a n i o n s  
I*O 3- e t  C r*O4- -  A d i f f6ren ts  b e n t o n i t e s  en  fonc t ion  
d '6 l ec t ro ly tes  add i t ionn6s .  P o u r  les 61ectrolytes NaC1 e t  
Na ,SO4 les r6 su l t a t s  s o n t  en  b o n  acco rd  avec  ceux  de  
SCHOFIELD e t  MATTSON ; nous  a v o n s  6 tudi~ auss i  l ' e f fe t  de  
l ' a d d i t i o n  de  so lu t ions  de  CaC12; celles-ci p r o d u i s e n t  le 
mSme  effet  A des  d i lu t ions  20 lois p lus  g r a n d e s  que  les 
so lu t ions  de  NaC1. C o m m e  ceci ne  p e u t  pa s  ~tre  exp l iqu6  
su r  la  b a s e  de  la  th~or ie  de  DEBYE-HOcKEL, nous  a v o n s  
app l iqu6  la  th~or ie  exac t e  de la couche  doub le ;  le f ac t eu r  
20 m e n t i o n n 6  plus  h a u t  m6ne  A une  v a l e u r  de ~ = -- 75 inV. 
E n  i n t r o d u i s a n t  c e t t e  v a l e u r  de  ~, une  r e p r 6 s e n t a t i o n  
g r a p h i q u e  s6 -- 1/Vc p o u r  les r 6 su l t a t s  des  exp6r iences  au  
N a - b e n t o n i t e  + so lu t ions  de NaC1, d o n n e  une  surface  
sp6cif ique de  1110 m~/g. 

The Structure 
of Schmidt's Aluminium Hydroxide Gel 

A l u m i n u m  h y d r o x i d e  gels are  used as  a d s o r b e n t s  for 
p ro te ins ,  enzymes ,  a n d  vi ruses ,  p a r t i c u l a r l y  for  p r e p a r i n g  
vacc ines  a g a i n s t  f o o t - a n d - m o u t h  disease  1. T h e  gel f i rs t  
u sed  for  t h i s  pu rpose  was  WILLSTXTTER'S C - g a m m a  gel, 
w h i c h  was  t h e  f inal  p r o d u c t  of ag ing  in aqueous  so lu t ion  
of t he  C -a lpha  gel, w h i c h  is a m o r p h o u s  a l u m i n u m  hy -  
d rox ide ,  t h r o u g h  a n  i n t e r m e d i a r y  C - b e t a  gel, w h i c h  is t h e  
a l u m i n u m  oxide  m o n o h y d r a t e ,  B o e h m i t e  3 These  t r a n s -  
f o r m a t i o n s  are  slow, t a k i n g  m o n t h s  for  c o m p l e t i o n  i n to  
t h e  C - g a m m a  gel. SCHMIDT s mod i f i ed  WILLST~.TTER'S 
p r o c e d u r e  b y  a u t o c l a v i n g  t h e  C-a lpha  gel a t  120°C in  
o rde r  to  o b t a i n  a s t ab l e  p r o d u c t  in a s h o r t e r  t ime.  The  gel 
t h u s  o b t a i n e d  is cons ide red  s imi la r  to  WILLST~.TTER'S 
C - g a m m a  gel 4. T h e  pu rpose  of t h i s  c o m m u n i c a t i o n  is to  
show, b y  X - r a y  d i f f rac t ion  a n d  e lec t ron  microscopy ,  t h a t  
SCHMIDT'S gel is m a d e  u p  of pa r t i c les  w h i c h  are  d i f f e ren t  
in c rys ta l l ine  s t ruc tu re ,  morpho logy ,  a n d  d imens ions  f rom 
WILLSTATTER'S C - g a m m a  gel, b u t  s imi la r  to  WILLST~.T- 
TER's C - b e t a  gel. 

SCHMIDT'S gel was  p r e p a r e d  a c c o r d i n g  to  t h e  or ig ina l  
p a p e r  3, or  o b t a i n e d  as  sold b y  A k t i e s e l s k a b e t  K e m i s k  
I n d u s t r i  f r om K o p e n h a g e n  L WILLST-~.TTER'S C - g a m m a  gel 
was  p r e p a r e d  b y  t h e  o r ig ina l  p rocedure  s, or  b y  KRAUT'S 
p rocedu re  6 f rom a m m o n i u m  a lum.  T h e  gels were  p r e p a r e d  
for  a n d  e x a m i n e d  b y  X - r a y  d i f f rac t ion  a n d  e lec t ron  micro-  
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Fig. 1.--Electron micrograph, × ~0O00 of SCHMIDT'S aluminum 
hydroxide gel dried on Formvar from aqueous suspension and 

shadow cast with chromium at arctan 0'82. 

F r o m  t h e  T a b l e  i t  is e v i d e n t  t h a t  b o t h  samples  of 
SCHMIDT'S gels h a v e  t h e  m o s t  c h a r a c t e r i s t i c  l ines of 
B o e h m i t e  9 a n d  t h a t  t h e  l ines are  d i f f e ren t  f rom those  of 
t h e  C - g a m m a  gel w h i c h  a re  c o m p o s e d  of a m i x t u r e  of 
a l u m i n u m  oxide  t r i h y d r a t e s ,  B a y e r i t e  a n d  Gibbs i te  :°. 
F igures  1 a n d  2 are  of SCHMIDT'S gel, d r ied  on  a F o r m v a r  
s u b s t r a t e  a n d  s h a d o w  cas t  w i t h  c h r o m i u m  a t  a r c t a n  0-32 
showing  typ ica l  aggrega tes  of f ine pa r t i c les  (X) a n d  fibrils 
(Y) a t  low m a g n i f i c a t i o n  ( ×  20 000) in  F igu re  I an d  at  
h i g h e r  m a g n i f i c a t i o n  (X 62 000) in  F igu re  2. The fibrils 
r a n g e  in d i a m e t e r  f rom a b o u t  50 to  100 A.U.,  F igure  2,4. 
A l t h o u g h  t h e y  a p p e a r  to  be  r e l a t ive ly  s h o r t  (lengths 
a v e r a g e  a b o u t  400 to  1000 A.U.) ,  a n d  no  long,  ex t ended  
f ibri ls  a re  obse rved ,  t h e y  c a n  m e a s u r e  as  long  as  abou t  
0-25/z. W h i l e  t h e  m a j o r  p o r t i o n  of t h e  m a t e r i a l  appea r s  to 
be  f ibrous ,  t h e r e  are  also c rys t a l l i ne  p a r t i c u l a t e s  in  a wide 
d i s t r i b u t i o n  of d i a m e t e r s  as  la rge  as 0 . 5 / ,  a n d  as  smal l  as 
200 A.U.,  F igu re  2B.  B o t h  F igu res  1 a n d  2 conta in  
m a t e r i a l  w h i c h  is s imi la r  to  t h a t  o b s e r v e d  in  C - b e t a  gels 
fo rmed  b y  ag ing  of C -a l p h a  gels a t  r o o m  t e m p e r a t u r e  11 in 
p H ' s  g r e a t e r  t h a n  7.4, or  to  t h a t  obse rved  in  C-be ta  gels 
fo rmed  b y  boi l ing  c o n c e n t r a t e d  aqueous  suspens ions  of 
a m o r p h o u s  a l u m i n u m  h y d r o x i d e s  13 p r e c i p i t a t e d  from 
a l u m i n u m  chlor ide  (or n i t r a t e )  b y  a m m o n i u m  hydroxide  
so lu t ion .  

C - g a m m a  gels are  composed  of par t ic les  of a comple te ly  
d i f f e ren t  m o r p h o l o g y  f rom SCHMIDT'S gels. T h i s  is demon- 
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Fig. 2.--Electron micrograph, x 62000 of SCrIMtDT'S gel dried on Fig. 3.--Electron Micrographs of C-gamma gel "of aluminum hydro- 
Formvar from aqueous suspension, shadow cast with chromium at xide, × 12000, dried on Formvar film and shadow cast with chro- 

arctan 0.32. mium at arctan 0-32. 
(A) To show the predominant fibrous fraction. (A) Of WILLSTXTTER'S gel. 
(B) To show the crystalline, particulate fraction. (B) of KRAUT'S gel. 

Comparison between the X-Ray Powder Patterns of well Crystallized Boehmite with SCHMtDT'S and C-Gamma Gels 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Standard Boehmite 

I / Io  

1-0o 
0.65 
0.53 
0.06 
0.32 
0.27 
0.06 
0.13 
0,06 
0.16 
0-09 
0.01 
0-02 
0.06 
0.02 
0.15 
0.03 
0.01 
0-02 
0.03 
0.01 
0.03 
0.05 
0.02 
0-01 
0.02 
0.01 

SCHMIDT'S gel 

d(A. U,) 

6,11 
3.164 
2-346 
1.980 
1'850 
1.850 
1.770 
1-662 
1-527 
1-453 
1.434 
1-412 
1.396 
1.383 
1.369 
1.312 
1.303 
1.224 
1.209 
1-1782 
1-1711 
1.1609 
1.1337 
1.1152 
1.0917 
1.0459 
1.0281 

d(A. U,) 

13-00 
5-59 
4.35 
4.10 
3"88 
3-17 
3-09 
2"37 
1"85 
1-44 
1-32 
1-13 

I/I0 
1.00 
0-38 
0.56 
0.03 
0.38 
0.56 
0.56 
0.38 
0-75 
0-38 
0.03 
0.06 

ScrimoT's gel 
Akt. Kemisk 

d(A. U,) I f i  o 

4-42 1.00 
3.12 0.20 
2.31 0.40 
1-85 0.53 
1.43 0.30 
1.31 0.13 
1.12 0'20 

C-gamma gel 
WILLSTATTER~S 

d(A. V.) 

5-23 
4.85 
4.72 
4.36 
4.19 
3-90 
3"55 
3-31 
3.21 
2-7l 
2,47 
2.40 
2.37 
2.29 
2.23 
2.17 
2.08 
2.05 
1.99 
1-92 
1-84 
1.81 
1.73 
1.69 
1.65 
1.60 
1.58 
1.56 
1.49 
1.46 
1-45 
1-40 
1,38 
1.36 
1.34 
1.28 
1.26 
1-23 
1.22 
1-18 
1.I7 
1.14 
1.12 
1.07 

C-gamma gel 
KRAUT'S 

III o d(A. U.) 
0-20 5.29 
0.50 4.80 
1.00 4.33 
0.80 4.18 
0.10 3'89 
0-10 3.61 
0.10 3'43 
0-10 3.21 
0-60 3.03 
0.30 2.84 
0-40 2-73 
0.20 2.48 
0.30 2-41 
0.10 2-27 
0.90 2-23 
0.30 2.16 
0'30 2.08 
0.10 2.02 
0"40 1-98 
0.20 1-91 
0-20 1.79 
0"10 1-73 
0.70 1.68 
0,10 1.64 
0.20 1-60 
0.40 1-57 
0,10 1.55 
0.40 1-52 
0.10 1-48 
0.50 1-46 
0.30 1-44 
0.30 1-39 
0"20 1.36 
0.10 1.34 
0"50 1.30 
0.20 1-28 
0.10 1.25 
0"10 1.23 
0.50 1-21 
0.30 1-20 
0-10 1.18 
0.20 1"16 
0.30 1.14 
0-20 1-12 

1-11 
1.01 

I/Io 
0-20 
1.00 
0-90 
0.30 
0.40 
0.40 
0.20 
0-60 
0-20 
0-10 
0-20 
0-50 
0.70 
0,60 
0.80 
0-10 
0.10 
0.60 
0.10 
0-60 
0-50 
0.70 
0.10 
0.20 
0,40 
0-10 
0.20 
0.20 
0-20 
0-30 
0-50 
0.30 
0-10 
0.50 
0.10 
0.10 
0.20 
0.10 
0.40 
0.10 
0-10 
0.10 
0.10 
0.10 
0.30 
0.10 
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s t r a t e d  in F igure  3, where  t h e  d r ied  C - g a m m a  gels are  seen 
to  c o n t a i n  t he  h e x a g o n a l  p la t e l e t s  a n d  p r i sms  of t he  t r i -  
h y d r a t e  Gibbs i t e  a n d  t h e  t r i a n g u l a r  or  hour -g las s  s h a p e d  
soma to id s  of the  t r i h y d r a t e  13ayerite TM. I n  add i t ion ,  in  
these  samples ,  a f ine d ispers ion  of b a c k g r o u n d  par t ic les  
(arrow, Fig. 3A), is o b s e r v e d  w i t h  d i a m e t e r s  a b o u t  
200 A.U. 

These  resu l t s  show t h a t  t h e  pa r t i c les  wh ich  c o n s t i t u t e  
t he  solid p h a s e  of SCHMIDT'S gels are  d i f fe ren t  f r o m  those  
of t he  \¥ILLSTATTER'S C - g a m m a  gels, b u t  are  s imi la r  to  
those  of t h e  C - b e t a  gels, w h i c h  a re  also c o m p o s e d  of 
fibrils,  h a v i n g  a B o e h m i t e  s t r u c t u r e ,  s h o ~ n  in a p r e v i o u s  
p a p e r  n ,  fo rmed  b y  c o n d e n s a t i o n  p o l y m e r i z a t i o n  of t h e  
a m o r p h o u s  a l u m i n u m  h y d r o x i d e  molecules  of t he  C-a lpha  
gel 1~ T h e i r  X - r a y  d i f f r ac t ion  d a t a  do  n o t  coincide  e x a c t l y  
w i t h  t h e  d a t a  of  well  c rys ta l l i zed  B o e h m i t e  because  t h e  
f ibri ls  a re  exceed ing ly  sma l l  a n d  f r iable  a n d  are  n e i t h e r  
c o m p l e t e l y  po lymer i zed  n o r  o r i en t ed  xa. Af te r  au toc l av ing ,  
SCHMIDT'S gels do n o t  c h a n g e  s p o n t a n e o u s l y  i n to  B a y e r i t e  
a n d  G ibbs i t e  w h i c h  c o n s t i t u t e  t he  C - g a m m a  gels, a n d  f rom 
th i s  p o i n t  of v iew t h e y  are  d i f f e ren t  f rom t he  C-be ta  gel n .  
Th i s  s t a b i l i t y  of c rys ta l l ine  s t ruc tu re ,  of pa r t i c le  size, a n d  
of  s h a p e  in  SCHMIDT'S gels m a k e  t h e m  super io r  to  VqILL- 
STXTTER'S C-be ta  or  C - g a m m a  gels for  p r e p a r a t i o n  of 
adso rben t s .  I n  a d d i t i o n  to  t he  a m m o n i u m  a lum,  o t h e r  
a l u m i n u m  salts,  l ike t h e  chlor ide ,  t he  n i t r a t e ,  or t h e  
ace ta t e ,  c an  be  used for p r e p a r i n g  gels composed  of Boeh-  
m i t e  f ibri ls  ~,  b u t  t h e  f ibri ls  in  these  are  t h i c k e r  in  dia-  
m e t e r  1~ a n d  have t he re fo re  a sma l l  sur face  a rea  t h a n  those  
f rom SCHi~IIDT'S gel. 

P .  SOUZA SANTOS*, A .  V A L L E J O - F R E I R E ,  
J.  PARSONS, a n d  J.  H.  L. WATSON 

Institute Butantan, Sdo Paulo (Brasil), and Edsel B. 
Ford Institute /or Medical Research, Detroit (Michigan), 
June 9, 1958. 

Rdsumd 

Les a u t e u r s  d 6 m o n t r e n t  que  le gel d ' h y d r o x y d e  d ' a lu -  
m i n i u m  (gel de SCHMIDT) soumis  a u x  r a y o n s  X dif f ract6s  
e t  examin6  au  microscope  61ectronique se r6v61e form6 de 
pa r t i cu le s  d i f f6 ran t  p a r  leur  s t ruc tu re ,  leur  morpho log ie  e t  
teur  d imens ions  de celles d u  gel C - g a m m a  de  WILLSTKT- 
TER, ma t s  s emblab l e s  ~ celles du  gel C-b6 ta  du  m ~ m e  nora .  

xa p. Sovz~ SA~TOS, Unpublished studies on the precipitation 
and aging of amorphous aluminum hydroxide (1958}. 

~4 p. Souz~. S~NTOS and H.L.  SouzA SANTOS, Naturwissen- 
schaften dG 113 (1957). - P. SOUZA SAUTOS, Unpublished studies 
on the precipitation and aging of amorphous aluminum hydroxide 
(195s). 

* Presen t  address :  I n s t i t u t o  de  Pesqu isas  Tecnoldgicas ,  S'~o 
Paulo, Brasil. 

Crystalline Acetates from 'Croton Resin' 

The  local i r r i t a n t  a n d  l a x a t i v e  ac t ions  of Cro ton  oil (ex. 
Croton tiglium) h a v e  been  k n o w n  for a v e r y  long t ime,  a n d  
to  these  effects h a v e  l a t e r  been  a d d e d  those  of cocarc ino-  
genie  ac t ion  ~, l eucocyte  m i g r a t i o n  p r o m o t i o n  ~ a n d  ' cord  

1 See, for example, I. BERENBLUM, Cancer Res. 1, 807 (1941); 
Arch. Path. 14, 471 (1954). - P. SHUBIK and A. C. RITCHIE, Cancer 
Res. 13, 45 (1953). - R. DANEEL and N. WXSSENFELS, Naturwiss. 42, 
l~S (1955). 

2 B. SCHkIR and  R. MEIER, Exper .  12, 30 (1950). - R. MEIER, 
P. A. DESAULLES, and  B. SCHJiR, Arch.  exp.  Pa th .  Pha rm.  224, 104 
(1955). 

f ac to r  'a ac t iv i ty .  The  t e a m s  led b y  CHERBULIEZ 4 and 
FLASCHENTRKGER 5 ca r r ied  o u t  s e p a r a t i o n s  some 25 years 
ago, a n d  f u r t h e r  s epa ra t i ons  h a v e  b e e n  r ecen t l y  a t t e m p t e d  
c h r o m a t o g r a p h i c a l l y  6. 

P r o m p t e d  b y  t h e  resu l t s  of MEIER a n d  SCHKR 2 the  oil 
was w o r k e d  u p  as desc r ibed  b y  CHERBULIEZ for  t h e  pre- 
p a r a t i o n  of t h e  'C ro ton  res in '  ( ' p r inc ipe  v6s ican t ' ) ,  in  our 
case us ing  a c o n t i n u o u s  c o u n t e r c u r r e n t  d i s t r i b u t i o n  appa-  
r a t u s  7 for  p a r t i t i o n  b e t w e e n  h e p t a n e  a n d  m e t h a n o l .  This 
res in  was  n o w  sub j ec t ed  to  c h r o m a t o g r a p h y  o n  a lumina  
us ing  e luen t s  g r a d e d  f rom b e n z e n e  t h r o u g h  e ther -chloro-  
f o r m - m e t h a n o l ,  t h u s  y ie ld ing  a b o u t  80 non-c rys ta l l ine  
f rac t ions ,  all  w i t h  v e r y  s imi la r  I .R .  spec t ra ,  a n d  of which  
t h e  m o s t  ac t ive  in t h e  l eucocy te  m i g r a t i o n  t e s t  were  e luted 
w i t h  b c n z e n c - e t h e r  (1 : 5) a n d  f i t ted  closely w i t h  CHERBU- 
LIEZ'S desc r ip t i on  of t h e  or ig ina l  ' p r inc ipe  v6sicanU.  

[ F o u n d  for  th i s  f r ac t ion  (3 d e t e r m i n a t i o n s )  : 

C 68.98; H 8-81; (CO)CH a 4 -73%;  M.XV. 608; 688s; 
[c~]~°: + 56 (c = 1.0 in  CHCI3) ]. 

Calculated for Ca~H560 9 : 
C68 .91 ;  H 8 . 7 5 ;  C H  3 ( o n e ) 2 - 3 3 % ;  M.VV. 644-8 

H y d r o l y s i s  of t he  'C ro ton  res in '  u s ing  me thano l i c  
b a r i u m  h y d r o x i d e  0 or  a s t r o n g l y  bas ic  i on -exchange  resin 
(Amber l i t e  I R A - 1 2 0  in basic  form) a n d  s u b s e q u e n t  work- 
ing up  b y  p a r t i t i o n  b e t w e e n  e t h e r  a n d  w a t e r  gave  from 
the  aqueous  phase  a res in  t h a t ,  a f t e r  c rys t a l l i za t ion  from 
e thano l ,  y ie lded  a smal l  a m o u n t  of c rys ta l l ine  mate r ia l  
(m. p. 240-245 °, decomp.)  of fo rmula  C2~Ha20 7. 

[ F o u n d  (8 d e t e r m i n a t i o n s ) :  
C64"05;  H 8 .20%;  

(3 d e t e r m i n a t i o n s ) :  
O 28.66; (C)CH a 10.44; (CO)CH 3 2.81; (C)CH 3 10.71%. 
C21H32Or requi res  C 63.61; H 8.14; O 28.25; CH~ 3.78o/0 .] 
Th i s  was  p r o b a b l y  iden t i ca l  w i t h  t h e  'A lkoho l  P h o r b o l '  of 
FLASCHENTRAGER 9. 

Acetylation in pyridine of the crude water-soluble 
fraction from the hydrolysis and chromatography on 
magnesoleelite i0 or alumina gave three crystalline acetates 
(A, B,  and 'C) .  

The  s e p a r a t i o n  was  fol lowed b y  p a p e r  c h r o m a t o g r a p h y  
of a l t e r n a t e  f r ac t ions  (Zaffaroni  s y s t e m  formamide-cyc lo-  
h e x a n e - b e n z e n e )  a n d  t h e  a c e t a t e s  were  rec rys ta t l i zed  to 
p a p e r  c h r o m a t o g r a p h i c  p u r i t y  f rom e t h e r  or  e the r -pe t ro -  
leum.  T h e  p r o p e r t i e s  of t h e  a c e t a t e s  are  s u m m a r i z e d  in  the  
t ab le .  T h e  re su l t s  f rom a c e t a t e  d e t e r m i n a t i o n s  (hydro- 
lysis) were  n o t  sa t i s fac to ry .  F u r t h e r  a c e t y l a t i o n  of 

3 p. LOUSTALOT, p r i v a t e  communica t ion .  
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