
G ed ru ck t  mit Unterstü tzung aus dem Je ro m e  und M argaret  S tonborough-Fonds

Uber die Adsorption an Kohle 
aus zähflüssigen Medien

II. M itteilung

Von

G eorg W eißenberger, Stanislaus Baum garten und Richard H enke  

Aus dem II. chemischen Institut der Universität Wien 

(Vorgelegt in der Sitzung am 19. November 1925)

D e n  A rb e ite n  d ie s e r R e ih e  l ie g t  d ie  A u fg a b e  z u g ru n d e , z u  
u n te rs u c h e n , v o n  w e lc h e n  G e se tzen  d ie  A d s o rp t io n s v o rg ä n g e  an  
K o h le , d ie  in  z ä h flü s s ig e n  M e d ie n  b e o b a c h te t w e rd e n  k ö n n e n , b e 
h e r rs c h t w e rd e n . D ie  ä uß e re  E rs c h e in u n g  d ie s e r V o rg ä n g e  is t  in  
v ie le n  E in z e lh e ite n  se h r v e rs c h ie d e n  v o n  d e r A d s o rp t io n  in  le ic h t 
b e w e g lic h e n  F lü s s ig k e ite n  u n d  g ib t  d a h e r z u  m a n c h e n  U n k la rh e ite n  
A n la ß . S ie  is t  a b e r eben d u rc h  ih re  v o m  g e w ö h n lic h e n  B i ld  a b 
w e ic h e n d e  F o rm  g e e ig n e t, an ih r  u n b e k a n n te  Z u s a m m e n h ä n g e  z u  
s tu d ie re n  u n d  n e u e  E in b l ic k e  in  d ie  A d s o rp t io n s v o rg ä n g e  z u  g e w in n e n .

In  d e r e rs te n  M it te i lu n g  ü b e r  den  G e g e n s ta n d 1 h a b e n  w i r  ü b e r  
V e rs u c h e  b e r ic h te t, d ie  z u r  A u fs te llu n g  e in e r n e u e n  B e z ie h u n g  fü r  
d ie  A b h ä n g ig k e it  d e r A b s o rp t io n  v o n  d e r Z ä h ig k e it  fü h r te n . D ie  
v o r lie g e n d e  A r b e it  is t  d e r n ä h e re n  P r ü fu n g  d ie se r B e z ie h u n g  g e 
w id m e t.  W i r  h a b e n  e in e rs e its  c h e m is c h  n a h e  v e rw a n d te  S to ffe  v o n  
v e rs c h ie d e n e r Z ä h ig k e it ,  a n d e rs e its  v e rs c h ie d e n e  A d s o rp t iv a  u n d  
e n d lic h  a u c h  k o n z e n tr ie r te  w ä s s e r ig e  L ö s u n g e n  in  den  B e re ic h  u n s e re r 
U n te rs u c h u n g e n  e in b e zo g e n .

A ls  V e rs u c h s m a te r ia l d ie n te n :
A. Z ä h f l ü s s i g e  M ed ien :

1. o-Methylzyklohexanol, beigestellt von der J. D. Riedel A. G., Rodleben bei 
Roßlau, Anhalt. Sp. G. 0'931, Zähigkeit 27*31.

2. w-Methylzyklohexanol, aus gleicher Quelle stammend, sp. G. 0'921, 
Zähigkeit 29'82.

3. jy-Methylzyklohexanol, ebenso, sp. G. 0  919, Zähigkeit 39'75.
4. Ölsäure, reinst, frei von Linolsäure, von E. Merk, Darmstadt.
5. Milchsäure, razemisch, 90°/o ig, von der gleichen Firma, sp. G. 1-210, 

Zähigkeit 72'06.
6 . Rohrzuckerlösung, hergestellt durch Auflösen von reinstem Merk’schen 

Rohrzucker, 670/0 ig, sp. G. 1*331, Zähigkeit 95‘05.

B. A d s o r b e n t i e n :
1. Sorboid I, beigestellt von der Ges. f. chem. Produktion, Mannheim-Waldhof.
2. Sorboid II, aus der gleichen Quelle stammend.

1 Sitzungsber. d. W. Akad. [2] 133, Heft 7 und 8 (1924).
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3. Sanasorben von Dr. Adler, Wien.
4. Carboraffin von den Farbenfabriken vormals F. Bayer & Co., Leverkusen.

C. A d s o r p t iv a :
1. Jod, reinst, von E. Merk.
2. Sudan II von Dr. G. Grübler, Leipzig.

D a s  B e s tre b e n  g in g  d a h in , d ie  U n te rs u c h u n g s m e th o d e  z u  v e r
fe in e rn  u n d  s ie  so a u s z u g e s ta lte n , daß s ie  s ic h  fü r  g e n a u e  M e ssu n g e n  
in  s e h r k le in e n  V o lu m in a  e ig n e t. M itb e s t im m e n d  h ie r fü r  w a r  der 
U m s ta n d , daß a k t iv e  K o h le  b e i v ö l l ig  g le ic h e r  c h e m is c h e r  Z u s a m m e n 
s e tz u n g , w e n n  s ie aus  v e rs c h ie d e n e n  H e rs te llu n g s o p e ra t io n e n  s ta m m t, 
s e lb s t b e i g le ic h a r t ig  g e ü b te m  V e r fa h re n  g e w is s e  U n te rs c h ie d e  a u f
w e is e n  k a n n , d ie  in  den  m o rp h o lo g is c h e n , to p o c h e m is c h e n  E ig e n 
s c h a fte n  d e r K o h le  ih re  U rs a c h e  haben . V e rs c h ie d e n e  O r ig in a l
p a c k u n g e n  d e r  g le ic h e n  K o h le n s o r te  z e ig e n  k le in e , a b e r b e i g e n a u e n  
M e s s u n g e n  im m e rh in  in s  G e w ic h t  fa lle n d e  U n te rs c h ie d e . E s  w a r 
d a h e r w ü n s c h e n s w e r t ,  fü r  e in e  V e rs u c h s re ih e  m it  d e rg le ic h e n  K o h le n - 
p ro b e  a u s z u k o m m e n , o h n e  s ie  w e c h s e ln  z u  m ü s s e n  u n d  d a h e r m u ß te  
m a n  tra c h te n , n u r  w e n ig  M a te r ia l fü r  e ine  U n te rs u c h u n g  z u  v e r
b ra u c h e n .

A ls  das k le in s te , n o c h  b e q u e m  z u  h a n d h a b e n d e  V o lu m e n  e r
w ie s e n  s ic h  n a c h  lä n g e re n  V e rs u c h e n  s c h lie ß lic h  5 cm 3. U m  m it  d ie se r 
M e n g e  a u s z u k o m m e n , m u ß te n  w i r  u n s  M ik ro a p p a ra te  b a u e n , d ie  s ich  
g u t  b e w ä h r t  h a b e n . Z u m  S c h ü tte ln  d ie n te n  F lä s c h c h e n , d ie  a u f
5  c m 3 b e i 18° g e e ic h t w a re n , a ls  M e ß g e fä ß e  S ta n d g lä s c h e n  vo n  
1 u n d  2 cm 3 In h a lt .  D ie  B ü re tte n  fü r  d ie  T it r a t io n e n  h a tte n  2 cm3 
In h a lt  u n d  e in e  T e i lu n g  in  1/ 100 cm 3; m a n  k o n n te  a lso  d ie  1/ 1Q00cm3 
n o c h  sc h ä tz e n . W i r  k o n n te n  a u f  d iese  W e is e  den  S u b s ta n z v e rb ra u c h  
g e g e n ü b e r d e r A rb e its m e th o d e , w ie  s ie  in  d e r e rs te n  M it te i lu n g  b e 
s c h r ie b e n  is t, a u f  e in  Z e h n te l h e ra b d rü c k e n , w ä h re n d  g le ic h z e it ig  
d ie  G e n a u ig k e it  e rh e b lic h  s tie g . Z u m  T i t r ie r e n  w u rd e  im m e r 1 cm3 
v e rw e n d e t.  D a  m a n  s te ts  P a ra lle lp ro b e n  s c h ü tte lte  u n d  v o n  je d e r  
P ro b e  2 b is  3 a liq u o te  T e ile  t it r ie r te ,  s te lle n  d ie  e rh a lte n e n  Z a h le n 
w e r te  das M it te l aus  4  b is  6 E in z e lb e s t im m u n g e n  v o r. U m  b e im  
T it r ie re n  an  d e r B ü re tte  k le in e  T ro p fe n  z u  e rze u g e n , b e n ü tz te n  w ir  
d e n  K u n s tg r if f ,  in  das T it r ie r k ö lb c h e n  e in ig e  T ro p fe n  A lk o h o l,  B e n zo l 
o d e r Ä th e r  e in z u b r in g e n . D e r a u fs te ig e n d e  D a m p f s e tz t d ie  O b e r
f lä c h e n s p a n n u n g  d e r a u s tre te n d e n  F lü s s ig k e it  d u rc h  A u f lö s u n g  in  
d e r  O b e rf lä c h e  h e ra b  u n d  m a n  e rz ie lt  e in  T ro p fe n v o lu m e n  vo n  
O ’ O IO  b is  0 - 0 1 5  cm 3.

Z u m  F i l t r ie re n  w u rd e n  q u a n t ita t iv e  F i l te r  ( S c h le i c h e r  u n d  
S c h ü l l ,  B la u b a n d )  v e rw e n d e t. D ie  A d s o rp t io n  am  F i l te r  w u rd e  
im m e r  b e s tim m t, d o c h  w a r  s ie  in  a lle n  F ä lle n  so k le in , daß s ie  in  
d e n  B e re c h n u n g e n  n ic h t  b e rü c k s ic h t ig t  w u rd e .

D a  d ie  V is k o s itä ts m e s s u n g e n  e ine  w ic h t ig e  G ru n d la g e  fü r  d ie  
P r ü fu n g  d e r e in g a n g s  e rw ä h n te n  B e z ie h u n g e n  d a rs te lle n , w u rd e  
g e tra c h te t, s ie  b e s o n d e rs  s o rg fä lt ig  d u rc h z u fü h re n  u n d  d ie  m ö g lic h e n  
F e h le rg re n z e n  z u  e rm it te ln . E in g e h e n d e  U n te rs u c h u n g e n  an den
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z ä h flü s s ig e n  M e d ie n  z e ig te n , daß m a n  d ie  E rg e b n is s e  v o n  M e s s u n g e n  
m it  V is k o s im e te rn , d ie  e in e n  W a s s e rw e r t  v o n  e tw a  2 0  b is  6 0  S e 
k u n d e n , o h n e  B e d e n k e n  m ite in a n d e r  v e rg le ic h e n  u n d  e v e n tu e ll e in e n  
M it te lw e r t  aus  d e n  v e rs c h ie d e n e n  B e s t im m u n g e n  n e h m e n  ka n n . V e r 
w e n d e t m a n  a b e r V is k o s im e te r  m it  b e s o n d e rs  w e ite n  K a p illa re n , 
e tw a  m it  e in e m  W a s s e rw e r t  v o n  10 S e k u n d e n , so is t  e in  V e rg le ic h  
d ie s e r W e r te  m it  d enen , d ie  aus M e s s u n g e n  an  V is k o s im e te rn  m it  
e n g e n  K a p il la re n  re s u lt ie re n , n ic h t  z u lä s s ig . E s  g ib t  a lso  e in e n  G re n z 
w e r t  fü r  d ie  K a p il la re n w e ite ,  d e r n ic h t  ü b e rs c h r it te n  w e rd e n  da rf.

T a b e l l e  1.

Viskosimeter

1
2
3
4

Wasserwert

21 -40 
23-54
25-60 
27-92 
52-18

o-Methyl-
zyklohexanol

27-13
27-18
27-75
27-67
26-84

w-Methyl-
zyklohexanol

29-76
29-62
30-36 
30-24 
29-12

p -Methyl- 
zjddohexanol

39-29
39-47
40-51 
40-07 
39-43

Mittelwert
Wahrscheinlicher Fehler

2 7 -3 1 + 0 -1 2  29-82 +  0-15 39-75 +  0-15
0 - 4 0 / , 0 - 5 0 / 0 - 4 0 / o

T a b e lle  1 z e ig t, daß d ie  yj-W e r te  fü r  z ä h flü s s ig e  M e d ie n  aus 
M e s s u n g e n  a n  V is k o s im e te rn  m it  v e rh ä ltn is m ä ß ig  engen , w e n n  a u ch  
re c h t v e rs c h ie d e n  w e ite n  K a p il la re n  z ie m lic h  g u t  m ite in a n d e r  ü b e r
e in s tim m e n .

Viskosimeter W asserwert

7-1

T a b e l l e  2.

o-Methyl- 
zyklohexanol

20-97 
18-11

««-Methyl-
zyklohexanol

22-50
19-42

jp-Methyl-
zyklohexanol

29-67
24-81

G a n z  a n d e rs  is t es b e i den  W e r te n  a u s  M e s s u n g e n  an  V is 
k o s im e te rn  m it  re la t iv  w e ite n  K a p il la re n . W ie w o h l d ie  W a s s e rw e r te  
d e r in  T a b e lle  2 a n g e fü h r te n  In s tru m e n te  s e h r nah e  b e ie in a n d e r
lie g e n , w e ic h e n  d ie  E rg e b n is s e  d e r M e s s u n g  z ä h e r M e d ie n  d e n n o c h  
b e trä c h lic h  v o n e in a n d e r  u n d  v o n  den  r ic h t ig e n  W e r te n  ab.

T a b e l l e  3.

Viskosimeter 7 8

Wasserwert . 7-1 42-9
Glyzerin 94°/0ig . 348-2 735 • 8
Phosphorsäure 98°;0ig' 53" 55 83-32
Rohrzuckerlösung 670 0ig 95 - 05 145-4
Ölsäure 23-53 36-32
Milchsäure 900/Oig 72-06 1 1 0 - 2
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W ie  g ro ß  d ie  A b w e ic h u n g e n  u n d  d a m it  d ie  F e h le r  w e rd e n  
k ö n n e n , w e n n  m a n  d iese  B e o b a c h tu n g e n  v e rn a c h lä s s ig t, z e ig t  T a b e lle  3 , 
w e lc h e  d ie  M e s s u n g s e rg e b n is s e  e in ig e r z ä h f lü s s ig e r  M e d ie n  an  z w e i 
In s tru m e n te n  w ie d e rg ib t ,  v o n  d e n e n  d a s  e ine e in e  enge, das andere 
e ine  w e ite  K a p il la re  b e s itz t.

E s  e rg ib t  s ic h  s o m it, daß d ie  re la t iv e  V is k o s i tä t  z ä h f lü s s ig e r  
M e d ie n  n u r  b is  z u  g e w is s e n  G re n z e n  v o n  d e r K a p il la re n w e ite  u n 
a b h ä n g ig  is t. W e rd e n  d ie  K a p il la re n  z u  w e it  g e w ä h lt ,  so s in k t  de r 
e rh a lte n e  W e r t  m it  z u n e h m e n d e m  K a p illa re n d u rc h m e s s e r . D ie  A r t  
d ie s e r A b h ä n g ig k e it  h a b e n  w i r  n ic h t  fe s tg e s te llt ,  d o c h  is t  es s ich e r, 
daß s ie  n ic h t  l in e a r  is t. D ie  U rs a c h e  d ie s e r E rs c h e in u n g  is t  d a rin  
z u  s u ch e n , daß v o n  e in e r b e s t im m te n  K a p il la re n w e ite  an, d ie  im  
F a lle  d e r h ie r  u n te rs u c h te n  S ys te m e  e tw a  b e im  W a s s e rw e r t  10 lie g t, 
d e u t lic h e  W ir b e l  e n ts te h e n , w e lc h e  den  D u rc h f lu ß  d e r F lü s s ig k e it  
d u rc h  d ie  K a p il la re  fö rd e r n .1

U m  F e h le r  m ö g lic h s t  a u s z u s c h lie ß e n , h a b e n  w ir  d a h e r je d e s  
S y s te m  m it  z w e i V is k o s im e te rn ,  d e ren  K a p il la re n w e ite  u n te rh a lb  
des S c h w e lle n w e rte s  g e le g e n  w a r ,  gem e sse n  u n d  e v e n tu e ll M it te l
w e rte  v e rw e n d e t.  D e r  d u rc h s c h n it t l ic h e  w a h rs c h e in lic h e  F e h le r  k o n n te  
so a u f  O -5 °/0 h e ra b g e d rü c k t w e rd e n .

N ic h ts d e s to w e n ig e r  w a re n  w i r  b e i den  s e h r z ä h flü s s ig e n  M ed ien , 
d e r R o h rz u c k e r lö s u n g  u n d  d e r M ilc h s ä u re , d e n n o c h  g e z w u n g e n , 
V is k o s im e te r  m it  w e ite n  K a p il la re n  a n z u w e n d e n  u n d  d u rc h  A n 
b r in g u n g  g e e ig n e te r  K o r re k tu re n  aus  d e n  u n m it te lb a r  e rh a lte n e n  
R e s u lta te n  a u f  d ie  r ic h t ig e n  W e r te  z u  e x tra p o lie re n . E s  z e ig te  s ich  
n ä m lic h , daß b e i den  la n g e n  A b f lu ß z e ite n ,  w e lc h e  d iese  S ys te m e  
in  den  a n d e re n  In s tru m e n te n  b e a n s p ru c h te n , s ic h  b e re its  d ie  F e h le r 
d e r S to p p u h r  u n d  ä h n lic h e  E in f lü s s e  so b e trä c h t l ic h  g e lte n d  m a c h te n , 
daß d ie  E rg e b n is s e  d e r v e rs c h ie d e n e n  w ie d e rh o lte n  M e s s u n g e n  g roße 
A b w e ic h u n g e n  a u fw ie s e n . W i r  w ä h lte n  d e m n a c h  fü r  d ie  D u rc h fü h ru n g  
d e r H a u p tv e rs u c h e  fo lg e n d e  In s tru m e n te :

Für die 3 Methylzyklohexanole Viskosimeter 9 2 und 2
Ölsäure Viskosimeter 8 5
Milchsäure und die Rohrzuckerlösung Viskosimeter. 7 103

S ä m tlic h e  M e s s u n g e n  w u rd e n  b e i 18° d u rc h g e fü h r t .  B e im  A r 
b e ite n  m it  J o d  w u rd e n  s o w e it  a ls  m ö g lic h  G e fäße  aus  b ra u n e m  
G las  v e rw e n d e t.  B e v o r  e in  M e d iu m  e in e r  s y s te m a tis c h e n  U n te rs u c h u n g  
u n te rw o r fe n  w u rd e , m u ß te  d u rc h  V o rv e rs u c h e  e rm it te lt  w e rd e n , ob 
d ie  m it  ih m  h e rg e s te llte n  S y s te m e  s ic h  ü b e rh a u p t fü r  d ie se  M e s s u n g e n  
e ig n e n . Z u  d ie s e m  Z w e c k  s in d  fü r  je d e s  M e d iu m  fo lg e n d e  V o r 
v e rs u c h e  a n g e s te llt  w o rd e n :

1 Zu ähnlichen Ergebnissen gelangt R. A u e rb a c h ,  Koll. Zeitschr. 36, Erg. 
Bd. 252 (1925).

2 Wasserwert 25 “ 2 Sekunden.
3 7-3
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a) M a n  ü b e rz e u g te  s ich , ob das A d s o r p t iv  in  d e r geg e b e n e n  
F lü s s ig k e it  se in e  K o n z e n tra t io n  b e ib e h ä lt.  In  re g e lm ä ß ig e n  Z e it 
a b s tä n d e n  w u rd e  d a h e r d e r T i t e r  n a c h g e s te llt .

V) F ü r  je d e s  M e d iu m  w a r  e in e  le ic h tb e w e g lic h e  F lü s s ig k e it  
z u  s u c h e n , d ie  s ic h  m it  d e m  g e g e b e n e n  M e d iu m  o h n e  V o lu m v e r 
ä n d e ru n g  m is c h t. B e i d ie se n  F e s ts te llu n g e n  b e d ie n te  m a n  s ic h  a u f
e in a n d e rg e s te llte r  P ip e tte n , g e n a u  g e e ic h te r  M e ß z y lin d e r  u n d  z u r  
B e s t im m u n g  d e r D ic h te  e in e s  s e h r e m p fin d lic h e n , d o p p e lw a n d ig e n  
P y k n o m e te rs .

c) M a n  e rm it te lte  d ie  Z e it ,  w e lc h e  n o tw e n d ig  is t, d a m it s ich  
u n te r  s o n s t g le ic h e n  U m s tä n d e n  das  A d s o rp t io n s g le ic h g e w ic h t  e in 
s te llt. U m  z u  e rk e n n e n , ob  es s ich  u m  d e f in ie r te  G le ic h g e w ic h ts 
z u s tä n d e  h a n d e lt, w u rd e  d ie  E in s te l lu n g  s te ts  v o n  z w e i S e ite n  v o r 
g e n o m m e n .

d) F ü r  je d e s  M e d iu m  w u rd e  d ie  A d s o r p t io n  a m  F ilte rp a p ie r  
b e s tim m t.

D ie  E rg e b n is s e  d e r V o rv e rs u c h e  la sse n  s ich  fo lg e n d e rm a ß e n  
z u s a m m e n fa s s e n :

D as o -M e th y lz y k lo h e x a n o l v e rä n d e r te  se in e n  J o d t ite r  im  L a u fe  
d e r U n te rs u c h u n g  n ic h t.  A ls  le ic h tb e w e g lic h e  F lü s s ig k e it ,  d ie  b e im  
M is c h e n  m it  o -M e th y lz y k lo h e x a n o l k e in e  V o lu m v e rä n d e ru n g  h e rv o r 
ru ft ,  e rw ie s  s ic h  Ä th y la lk o h o l g e e ig n e t. E s  w u rd e  e rm itte lt ,  daß 
s ic h  das A d s o rp t io n s g le ic h g e w ic h t  in  d e m  S y s te m  o -M e th y lz y k lo -  
h e x a n o l-J o d -S o rb o id  I  n a c h  e tw a  3 S tu n d e n  e in s te llt ,  w ie  n a c h 
s te h e n d e  T a b e lle  ze ig t.

T a b e l l e  4. 
m  =  0 "0 3 9 9 2 , y '  =  0 *0 0 7 1 5 6 .

t 90 120 150 180 210

—   0-0563 0-0615 0-0635 0-0637 0-0636
m

In  d ie s e r u n d  den  fo lg e n d e n  T a b e lle n  b e d e u te t m  d ie  M e n g e  
des A d s o rb e n s  in  G ra m m e n , w e lc h e  a u f  1 K u b ik z e n t im e te r  F lü s s ig 
k e it  e n tfä llt ,  a lso  b e i u n s e re r  A rb e its m e th o d e  e in  F ü n fte l d e r E in w a g e ; 
x’ is t  d ie  a d s o rb ie r te  M e n g e  in  G ra m m e n  p e r 1 K u b ik z e n t im e te r  
L ö s u n g ;  y '  g ib t  d ie  a n fa n g s  v o rh a n d e n e  M e n g e  des A d s o rp t iv s  in  
1 K u b ik z e n t im e te r  L ö s u n g  an, a lso  den  T ite r ,  e b e n fa lls  in  G ra m m e n  
a u s g e d rü c k t.  D ie  Z e it  t is t  in  M in u te n  angege ben .

D ie  V e rs u c h e  le h r te n  w e ite r ,  daß s ic h  das G le ic h g e w ic h t  in  
d e rs e lb e n  W e is e  a u c h  v o n  d e r a n d e re n  S e ite  e rre ic h e n  läß t. D ie  
A d s o rp t io n  a m  F i l te r  is t  u n m e rk l ic h  k le in .

m - M e th y lz y k lo h e x a n o l b e h ä lt  s e in e n  J o d t ite r  b e i. M it  Ä t h y l 
a lk o h o l is t  es o h n e  V o lu m ä n d e ru n g  m is c h b a r, das G le ic h g e w ic h t  
s te l l t  s ic h  sc h o n  n a ch  e tw a  9 0  M in u te n  e in  ( T a b e l l e  5) u n d  is t  
v o n  b e id e n  S e ite n  h e r  e rre ic h b a r . D ie  A d s o rp t io n  a m  F i l te r  k a n n  
v e rn a c h lä s s ig t w e rd e n .
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T a b e l l e  5. 
m  =  0 -0 2 2 3 6 , /  =  0 -0 0 8 1 9 0 .

t 60 90 120 150

— 0- 1285 0-1301 0-1303 0-1303
Ul

p -M e th y lz y k lo h e x a n o l w ie s  e in e n  g e r in g e n , a b e r s te tig e n  R ü c k 
g a n g  se ines  J o d t ite rs  au f. D ie  A b n a h m e  b e tru g  e tw a  2 %  in  2 4  S tu n d e n . 
B e i a lle n  V e rs u c h e n  m it  d ie s e r S u b s ta n z  w u rd e  das R e s u lta t d a he r 
m it  B lin d p ro b e n  v e rg lic h e n  u n d  e n ts p re c h e n d  k o r r ig ie r t .  M it  A lk o h o l 
t r i t t  k e in e  V o lu m s ä n d e ru n g  e in . D ie  A d s o rp t io n  am  F il te r  is t  k le in . 
D a s  v o n  b e id e n  S e ite n  e in s te llb a re  G le ic h g e w ic h t  w ir d  n a c h  e tw a  
2 4 0  M in u te n  e r re ic h t (T a b e lle  6).

T a b e l l e  6 . 
ui — 0 -0 1 9 9 0 , /  = r  0 -0 0 3 1 4 1 .

t 60 120 180 240 300

0-0850 0-0888 0-0903 0*0905 0-0904

Ö ls ä u re  re a g ie r t  m it  Jo d , m a n  k a n n  d a h e r n ic h t  m it  d iesem  
A d s o r p t iv  a rb e ite n . D ie s  g a b  d ie  g e w ü n s c h te  G e le g e n h e it, e in  ande re s  
A d s o rp t iv  h e ra n z u z ie h e n  u n d  w i r  w ä h lte n  e in e n  fe tt lö s lic h e n  o rg a n i
sch e n  F a rb s to ff ,  S u d a n  I I ,  e in  X y lid in -a z o -ß -N a p h to l.  D ie  a n a ly t is c h e  
B e s t im m u n g  des F a rb s to ffs  g e s c h a h  d u rc h  R e d u k t io n  m it  T ita n -  
t r ic h lo r id 1 in  sa lzsa u re r, a lk o h o lis c h e r  L ö s u n g  u n te r  L u fta b s c h lu ß  im  
K o h le n s ä u re s tro m  u n te r  E rw ä rm e n .

D ie  V o rv e rs u c h e  ze ig te n , daß d ie  E in s te l lu n g  des G le ic h 
g e w ic h te s  a u c h  in  d ie s e m  S y s te m  v o n  b e id e n  S e ite n  h e r e r fo lg t. 
D ie  e r fo rd e r l ic h e  Z e it  z u r  E in s te l lu n g  b e trä g t  u n g e fä h r  2 4 0  M in u te n  
(T a b e lle  7).

T a b e l l e  7. 
m  — 0 -0 4 0 0 0 , y '  — 0 -0 0 3 7 7 0 .

i 60 120 180 240 300

0-0181 0-0260 0-0288 0-0308 0-0308

D e r T i te r  d e r L ö s u n g  h ä lt  s ic h  u n v e rä n d e rt. A m  F i l te r  t r i t t  
k e in e  m e ß b a re  A d s o rp t io n  e in . A ls  le ic h tb e w e g lic h e  F lü s s ig k e it ,  d ie  
s ic h  o h n e  V o lu m ä n d e ru n g  m it  Ö ls ä u re  m is c h t, w u rd e  B e n z o l fe s t
g e s te llt.

D ie  b e id e n  fo lg e n d e n  S y s te m e  u n te rs c h e id e n  s ic h  v o n  den  
v o rh e rg e h e n d e n  n u r  in s o w e it ,  a ls s ie g e w iß e rm a ß e n  n ic h t  ü b e r  das

l  E. K n e c h t ,  Ber. 1903, p. 166.
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g a n z e  K o n z e n tra t io n s g e b ie t a u s z u m e s s e n  w a re n . E in  k le in e s  S tü c k  
z u  A n fa n g  des G e b ie te s  fe h lt,  da m a n  n ic h t  im s ta n d e  is t, das  
M e d iu m  v o llk o m m e n  f re i v o n  d e r V e rd ü n n u n g s f lü s s ig k e it  z u  m essen . 
M ilc h s ä u re  h a b e n  w ir  9 0 % ig  v e rw e n d e t u n d  sc h o n  in  d ie s e r K o n 
z e n tra t io n  is t d ie  Z ä h ig k e it  a u ß e ro rd e n t lic h  h o ch . D a  m a n  n u n  
fe s ts te llte , daß W a s s e r  s ic h  o h n e  V o lu m ä n d e ru n g  m it  M ilc h s ä u re  
m is c h t u n d  d a h e r d ie se n  S to ff  a ls  V e rd ü n n u n g s m it te l w ä h lte , so  
b e d e u te t d ie  T a ts a c h e , daß w i r  b e i u n s e re n  M e s s u n g e n  v o n  9 0 % ig e r  
M ilc h s ä u re  a u s g in g e n , n ic h ts  a n d e re s , a ls  daß e in  S tü c k c h e n  d e r K u rv e , 
v o n  0  b is  1 0 %  W a s s e rz u s a tz , u n a u s g e m e s s e n  b lie b . D ie s  g i l t ,  s o 
w e it  d ie  M e s s u n g e n  d ie  N a c h p rü fu n g  u n s e re r H y p e rb e lg le ic h u n g  
b e tre ffe n . In  b e z u g  a u f d ie  U n te rs u c h u n g  des A d s o rp t io n s v e r la u fe s  
s e lb s t ( Is o th e rm e  u n d  X F o rm e l)  is t  n a tü r l ic h  z u  b e rü c k s ic h t ig e n , 
daß das S y s te m  n e b e n  M ilc h s ä u re  u n d  J o d  a u c h  W a s s e r  e n th ä lt.  
Ä h n lic h e s  g i l t  fü r  d ie  R o h rz u c k e r lö s u n g , n u r  m it  dem  U n te rs c h ie d , 
daß  h ie r  e in  G e b ie t v o n  0  b is  3 3 %  W a s s e rg e h a lt  d e r M e s s u n g  u n 
z u g ä n g lic h  is t.

D e r  T i te r  d e r J o d -M ilc h s ä u re lö s u n g  b le ib t  k o n s ta n t. Im  System - 
J o d -M ilc h s ä u re -S o rb id  I  s te llt  s ic h  das A d s o rp t io n s g le ic h g e w ic h t  n a c h  
ru n d  2 4 0  M in u te n  e in  (T a b e lle  8).

T a b e l l e  8 . 

in =  0 -0 2 4 6 0 , / ■ — 0 -0 0 1 9 0 3 .

t 60 120 180 240 300

— ___  0-0215 0-0328 0-0364 0*0373 0-0373
m

A m  F i l te r  is t  k e in e  m e ß b a re  A d s o rp t io n  fe s tz u s te lle n .
A u c h  d e r J o d t ite r  d e r R o h rz u c k e r lö s u n g  z e ig t  s ic h  k o n s ta n t. 

A m  F i l te r  f in d e t  k e in e  w e s e n t lic h e  A d s o rp t io n  s ta tt. D a s  G le ic h 
g e w ic h t  w ir d  s c h o n  n a c h  9 0  M in u te n  e rre ic h t (T a b e lle  9), w a s  b e i 
d e r g ro ß e n  V is k o s itä t  des S y s te m s  a u ffä l l ig  is t.

T a b e l l e  9. 
m  =z 0 -0 0 9 9 0 , y '  — 0 *0 1 0 8 2 .

30 60 90 120 180

0-658 0-663 0-665 0-665 0-665

Z w is c h e n  d e r Z ä h ig k e it  e ines M e d iu m s  u n d  d e r  G e s c h w in d ig k e it ,  
m it  d e r s ic h  das A d s o rp t io n s g le ic h g e w ic h t  in  ih m  e in s te llt ,  b e s te h t 
k e in  e in fa c h e r  Z u s a m m e n h a n g . D ie  Z ä h ig k e it  is t  z w e ife llo s  d e r 
w ic h t ig s te  F a k to r  fü r  d iese  G e s c h w in d ig k e it ,  es s p ie lt  je d o c h  a u c h  
d e r c h e m is c h e  C h a ra k te r  des M e d iu m s  e in e  R o lle . D e u t l ic h  t r i t t  d ies  
b e i d e r R o h rz u c k e r lö s u n g  h e rv o r, in  w e lc h e r  d ie  E in s te l lu n g  tro tz .
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e ines  r j-W e r te s  v o n  9 5 -0 5  in  e tw a  9 0  M in u te n  s ta t t f in d e t,  w ä h re n d  
d e rs e lb e  V o rg a n g  b e im  o -M e th y lz y k lo h e x a n o l (r\ =  27 *3 1 ) d ie  d o p p e lte  
Z e it  e rfo rd e rt. A u s  d e r R o h rz u c k e r lö s u n g  n im m t d ie  K o h le  a u ß e rd e m

in  d e r  k ü rz e re n  Z e it  w e it  m e h r J o d  a u f  =  0 - 6 6 5 )  a ls  aus  o -M e -
V m  1

th y lz y k lo h e x a n o l } ——  =  0 * 0 6 3 6 \  W i r  k o m m e n  w e ite r  u n te n  a u f 
v m  ]

d ie se n  U m s ta n d  n o c h m a ls  z u rü c k  u n d  w e rd e n  ih n  a u c h  z u  e rk lä re n  
v e rs u c h e n .

B e tra c h te t m a n  e in  e in ze ln e s  z ä h flü s s ig e s  M e d iu m  u n d  v e r fo lg t 
d ie  E in s te l lu n g s z e it  z in  ih re r  A b h ä n g ig k e it  v o n  d e r V is k o s itä t  be i 
fo r ts c h re ite n d e r  V e rd ü n n u n g , so z e ig t  s ic h  e in e  s tre n g e , g e se tzm ä ß ig e  
B e z ie h u n g  z w is c h e n  d e n  b e id e n  G rö ß e n . D ie s  g e h t z. B . a u s  T a 
b e lle  10 h e rv o r , w e lc h e  d ie  W e r te  fü r  7] u n d  z im  S y s te m  w -M e th y l-  
z y k lo h e x a n o l- J o d -Ä th y la lk o h o l-S o rb o id  I  ü b e r das g a n z e  K o n z e n 
tra t io n s g e b ie t e n th ä lt.

T a b e l l e  10. 
m  =  0 -0 1 9 9 2 , x ! =  0 -0 0 4 9 0 3 .

7] . . . 31*25 20-32 9-42 1-38
90 30 15 10

W e n n  m a n  d iese  W e r te  in  e in  K o o rd in a te n s y s te m  e in trä g t, 
e rh ä lt  m a n  e in e  re g e lm ä ß ig e  K u rv e . In n e rh a lb  e ines  je d e n  S y s te m s  
is t  a lso  z n u r  v o n  7] a b h ä n g ig . D ie s  s t im m t m it  d e r V o rs te llu n g  ü b e r 
e in , d ie  w i r  u n s  v o n  d e m  A d s o rp t io n s v o rg a n g  in  z ä h f lü s s ig e n  M e d ie n  
m a c h e n  u n d  d ie  w i r  in  d e r 1. M it te i lu n g  e n tw ic k e lt  haben .

A n  d ie s e r S te lle  se ie n  a u c h  e in ig e  V e rs u c h e  m it  e in e m  z ä h 
f lü s s ig e n  M e d iu m  e rw ä h n t, das n a c h h e r n ic h t  z u  d e n  H a u p tv e rs u c h e n  
h e ra n g e z o g e n  w u rd e . W i r  h a tte n  d ie  A b s ic h t,  a u c h  das V e rh a lte n  
d e r  s y ru p ö s e n  P h o s p h o rs ä u re  z u  u n te rs u c h e n  u n d  v e rw e n d e te n  z u  
d e n  V o rv e rs u c h e n  e ine  9 8 ° /0ig e L ö s u n g  v o m  sp. G. 1 -7 5 0 , d ie  b e re its  
in  T a b e lle  3 a n g e fü h r t is t. D a  d e r V e rd a c h t b e s ta n d , daß K o h le  
d u rc h  d ie  E in w ir k u n g  d e r P h o s p h o rs ä u re  in  ih re r  A d s o rp t io n s k ra f t  
g e s c h ä d ig t w ird ,  w u rd e n  P ro b e n  d e r K o h le  n a c h  m e h rs tü n d ig e r  B e 
h a n d lu n g  m it  P h o s p h o rs ä u re  a u f  ih re n  T i t e r  g e p rü f t .  E s  z e ig te  s ich  
je d o c h , daß d ie  A d s o rp t io n s k ra f t  v ö l l ig  u n v e rä n d e r t  b le ib t.  D a g e g e n  
is t  e in  a n d e re r U m s ta n d  d e r U n te rs u c h u n g  des S y s te m s  h in d e r lic h . 
Jo d  lö s t  s ic h  in  P h o s p h o rs ä u re  so  w e n ig  a u f, daß d ie  B e s t im m u n g  
v o n  c, d e r E n d k o n z e n tra t io n  des A d s o rp t iv s ,  fa s t u n m ö g lic h  w ird .  
W Ti r  g in g e n  a u f F a rb s to ffe  ü b e r  u n d  s te llte n  fes t, daß d ie se lb e n , so 
w e it  w i r  s ie  u n te rs u c h te n  (M e th y lv io le t t ,  F u c h s in  u n d  M a la c h itg rü n )  
v o n  P h o s p h o rs ä u re  a n g e g r if fe n  w u rd e n . A m  b e s te n  h ie lt  s ic h  n o c h  
M e th y le n b la u  B  e x tra  v o n  E . de H a e n ,  a b e r a u c h  d ie s e r F a rb s to f f  
w a r  so v e rä n d e r lic h , daß se ine  T i t r a t io n  m it  T i ta n t r ic h lo r id  n ach
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K n e c h t 1 n ic h t z u  b ra u c h b a re n  R e s u lta te n  fü h rte . W i r  v e rs u c h te n  
n u n , C h ro m s ä u re a n h y d r id  a ls A d s o r p t iv  z u  b e n ü tz e n  u n d  w e g e n  d e r 
d u rc h  d ie  C h ro m s ä u re  b e d in g te n  Z e rs tö ru n g  d e r K o h le  a ls  A d s o rb e n s  
K ie s e ls ä u re g e l e in z u fü h re n . D ie se s  S y s te m  e rw ie s  s ic h  a ls  g e e ig n e t, 
w u rd e  aber, a ls  a u ß e rh a lb  des R a h m e n s  d ie s e r U n te rs u c h u n g  lie g e n d , 
n ic h t  w e ite r  v e r fo lg t.

D ie  n a c h s te h e n d e n  T a b e lle n  g e b e n  n u n  d ie  M e s s u n g e n  w ie d e n  
w e lc h e  d e r E r m it t lu n g  d e r A d s o rp t io n s is o th e rm e n  d ie n te n . Im  K o p f  
d e r T a b e lle  s in d  d ie  in  b e k a n n te r  W e is e  e rre c h n e te n  K o n s ta n te n  
a n g e fü h r t, in  d e r le tz te n  Z a h le n re ih e  d e r U n te rs c h ie d  z w is c h e n  den 
E rg e b n is s e n  d e r R e c h n u n g  u n d  de n e n  des E x p e r im e n ts  in  P ro ze n te n . 
c' is t  d ie  E n d k o n z e n tra t io n  des A d s o rp t iv s  in  G ra m m e n  p ro  1 cm z 
L ö s u n g , x  s te llt  d ie  a d s o rb ie rte  M e n g e  in  M il l im o le n  p ro  K u b ik 
z e n t im e te r  d a r. A ls  A d s o rb e n s  d ie n te  d u rc h w e g s  S o rb o id  I.

E in  B l ic k  a u f  d ie  T a b e lle n  z e ig t, daß d ie  F re u n d lic h ’sche  
G le ic h u n g  z w e ife llo s  e r fü l l t  is t, tro tz d e m  w ir  zä h e  F lü s s ig k e ite n  v o n  
g ro ß e r  c h e m is c h e r V e rs c h ie d e n h e it  u n d  se lb s t k o n z e n tr ie r te  L ö 
s u n g e n  a n g e w e n d e t h aben . D ie  A b w e ic h u n g e n  d e r b e re c h n e te n  v o n  
d e n  b e o b a c h te te n  W e r te n  s in d  im  a llg e m e in e n  a ls  re c h t g e r in g  z u  
b e z e ic h n e n , in s b e s o n d e re  w e n n  m a n  b e d e n k t, w e lc h e  S c h w ie r ig k e ite n  
s ic h  den  g e n a u e n  M e s s u n g e n  in  h o c h v is k o s e n  M e d ie n  e n tg e g e n 
s te lle n . D e r  U n te rs c h ie d  z w is c h e n  den  A d s o rp t io n s v o rg ä n g e n  in

T a b e l l e  11. 

o -M e th y lz y k lo h e x a n o l.

y  =  0 *0 0 7 1 4 3 , a =  6 3 -1 8 ,  —  =  1 -4 2 1 .
n

X X
—  beob. 
m

—  ber. 
m A

0-00483 0-00675 0-358 0-364 -  l - 8 0 /o

0-00854 0-00642 0-335 0-339 — 1-3
0-01194 0*00616 0-323 0-320 H- 1 - 0

0-01730 0-00585 0-294 0-298 — 1 -4
0-02130 0-00562 0-282 0-281 - h 0 - 4

0-02532 0-00546 0-261 0-270 3-2
0-03370 0-00505 0-245 0-241 -h  1-4

0-03916 0-00484 0-232 0-227 -4- 2 - 0

0-04598 0-00465 0-214 '0-215 — 0-4

0-04582 0-00431 0 - 2 0 0 0-193 -+- 4-0

l Ber. 1905, p. 3319; Zeitschr. f. angew. Chem. 26, 734 (1913): Z. Bl. 1914,
I, p. 1123.
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T a b e l l e  12. 
w -M e th y lz y k lo h e x a n o l.

y  =  0 -0 0 7 7 1 4 ,  a  =  1 2 -3 1 , —  = 0 - 7 2 6 .
n

X
—  beob.

V
---- ber

u i u i

0-00380 0-00685 0-894 0-894
0-00764 0-00607 0-846 0-819
0-01152 0 - 00555 0-739 0-768
0-01572 0-00494 0-696 0-405
0-02084 0-00439 0-629 0-647
0-02402 0-00407 0-598 0-612
0-03172 0-00336 0.541 0-533
0-03552 0-00306 0-516 0-498
0-03998 0-00282 0-482 0-469

T a b e l l e  13. 
/ 7-M e th y lz y k lo h e x a n o l.

y ’ — 0 -0 0 3 1 5 3 , a =  6 -2 1 0 ,  —  =  0 -5 4 5

X
beob.

0-00592
0-00790
0-00994
0-01140
0-01272
0-01390
0-01566
0-01800
0-01980
0-02198

0-00242
0-00221
0-00202
0-00190
0-00179
0-00170
0-00160
0-00145
0-00136
0-00125

in

0-487
0-472
0-447
0-432
0-421
0-412
0-390
0-372
0-356
0-342

—  ber. 
m
0-492
0-468
0-446
0-432
0-418
0-406
0-393
0-373
0-360
0-343

T a b e l l e  14.
Ö lsä u re .

y  =  0  • 0 0 3 7 7 0 , a =  3 • 4 0 4 , - -  =  0  ■ 3 7 9 .
n

X  X
—  beob. —- ber
m m

0-00468 0-00302 0-583 0-615
0-00804 0-00254 0-556 0-576
0-01218 0 - 0 0 2 0 1 0-523 0-527
0-01658 0-00161 0-473 0-484

- 4 -  0 "  0 0 / q

— 3-2 
-4-4-0 
H -  1 - 2  

-1-3-0 
-1-2-4

1 - 5
— 3-5
— 2-7

A

— l • l°/o 
-4-0-8 
H -0 -2  
- ( - 0-1
+  0-7 
4-  1-4
—  0-7
-  0 - 3
-  1-0 
-  0- 2

A

— 5 -1 °/q
— 3-4 

0-9
___9 •
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0-01970
-0-02266
0-02798
0-03200
0-03786
0-04414

'0-00592
■0-01000
0-01394
0-01802
0-02462
0-03190
0-03914
,0-04778

0-00208
0-00356
0-00594
0-00796
0-00996
0-01220
0-01398
0-01880
0-02264
0-03208

(Zu Tabelle 14.)

x  x
—  beob. — ■ ber.
m m

0-00127 0-460 0-443 -f-  4-O0/o
0-00101 0-441 0-406 + 8 - 5
0-00079 0-386 0-370 + 4 - 4
0-00065 0-353 0-344 -+-2*4
0-00052 0-311 0-316 — 1-5
0-00040 0-276 0-286 — 3-4

T a b e l l e  15.

M ilc h s ä u re .

/  =  0 -0 0 1 9 0 6 ,  a =  1 2 -6 2 , —  =  0 -7 6 5 .
11

X
—  beob. 
m

X
—  ber. 
u i

A

0-00160 0-202 0-213 — 5 • 0°/0
0-00142 0-192 0- 194 — 0-9
0-00126 0-183 0-177 -1-3-7
0-00116 0-163 0-166 — 1-6
0-00099 0-146 0*147 — 0 - 4
0- 00084 0-132 0-130 -+- 1-3
0-00072 0-120 0-115 5-0
0-00064 0-105

T a b e l l e  16. 

R o h rz u c k e r lö s u n g .

0-105 — 0 - 4

=  0 -0 1 2 0 1 ,  a =  1 4 -7 3 , —
n

=  0 -6 8 1 .

X
—  beob. 
m

.r
—  ber. 
m

A

0-00930 5-141 5-068 H-l-40/o
0-00782 4-632 4- 507 -1- 2-7
0-00625 3-817 3-869 — 1-3
0-00518 3-382 3-402 — 0-6
0-00445 2-991 3-068 —  2-5
0-00367 2-693 2-693 — o-o
0*00311 2-508 2-406 H -4 -3
0-00250 1-993 2-073 —  3-8
0-00202 1*739 1-792 —  3- 0
0-00125 1-322 1-291 +  2-4

©Akademie d. Wissenschaften Wien; download unter www.biologiezentrum.at



6 9 0  G. W e i ß  e n b e r g e r ,  St. B a u m g a r t e n  und R. H e n k e ,

z ä h f lü s s ig e n  M e d ie n  g e g e n ü b e r denen  in  le ic h tf lü s s ig e n  b e s te h t s o m it 
n u r  d a rin , daß s ich  in  je n e n  das A d s o rp t io n s g le ic h g e w ic h t  v ie l la n g 
sa m e r e in s te l lt  u n d  daß p ro  G e w ic h ts e in h e it das  A d s o rb e n s  w e it  
w e n ig e r  v o m  A d s o r p t iv  fe s tg e h a lte n  w ird .  Q u a li ta t iv  s p ie lt  s ic h  a be r 
d e r A d s o rp t io n s v o rg a n g  in  b e id e n  F ä lle n  id e n t is c h  ab.

Z w is c h e n  d e r G röß e  d e r A d s o rp t io n  u n d  d e r Z ä h f lü s s ig k e it  
b e s te h t k e in  e in fa c h e r Z u s a m m e n h a n g , w e n n  m a n  c h e m is c h  v e r 
sch ie d e n e  S to ffe  v e rg le ic h t. D ie s  g e h t d e u tlic h  au s  d e r n a c h fo lg e n d e n  
Z u s a m m e n s te llu n g  h e rv o r.

T a b e l l e  17.
x'

y ' Vkl
o-Methylzyklohexanol 27-31 0-007156 ISO 0-0636

29-82 0-008190 90 0-1303
P- 39-75 0-003141 240 0•0904
Ölsäure 36-32 0-003770 240 0-0308
Milchsäure. . 72-06 0-001903 240 0-0373
Rohrzuckerlösung 95-05 0-01082 90 0 • 665

D ie s  s p r ic h t  n e u e rd in g s  fü r  u n s e re  A n n a h m e , daß d ie  A d s o rp t io n  
in  z ä h f lü s s ig e n  M e d ie n  v o m  c h e m is c h e n  C h a ra k te r  des M e d iu m s  
m a ß g e b lic h  b e e in flu ß t w ird .  N o c h  k la re r  t r i t t  d e r U m s ta n d  h e rv o r , 
w e n n  m a n  n a h e  v e rw a n d te  S u b s ta n z e n  b e tra c h te t, w ie  z. B. d ie  
d re i M e th y lz y k lo h e x a n o le  (T a b e lle  18).

T a b e l l e  18.
a

o-Methylzyklohexanol. 63 • 18
12-31

p -  6 -21

D ie  A d s o rp t io n s k o n s ta n te n  a  u n d  —  d ie se r d re i S to ffe  v e rä n 

d e rn  s ich  re g e lm ä ß ig  u n d  p a ra lle l m it  d e r c h e m is ch e n  K o n s t itu t io n ,
D ie  A d s o rp t io n  aus  Ö ls ä u re  is t se h r g e r in g , w ie w o h l s o n s t 

F a rb s to ffe  s ta rk  a d s o rb ie r t  w e rd e n . D ie  u n g e s ä tt ig te  Ö lsä u re  d ü rfte  
d e m n a c h  d ie  O b e rf lä c h e  de r a k tiv e n  K o h le  b e trä c h tlic h  in  A n s p ru c h  
n e h m e n  u n d  d ie  v o rh a n d e n e n  R e s tfe ld e r w e itg e h e n d  bese tzen .

A u c h  aus M ilc h s ä u re  is t  d ie  A d s o rp t io n  n ic h t  b e d e u te n d , w ie 
w o h l e tw a s  g rö ß e r a ls  aus  Ö lsä u re . H in g e g e n  is t  d ie  A d s o rp t io n  a u s  
R o h rz u c k e r lö s u n g , w ie  b e re its  e rw ä h n t,  s e h r s ta rk . D ie  U rs a c h e  l ie g t  
w a h rs c h e in lic h  d a r in , daß R o h rz u c k e r  se lb s t a u s  k o n z e n tr ie r te n  
L ö s u n g e n  n u r  s e h r w e n ig  an d ie  K o h le n o b e rf lä c h e  t r i t t .  H . F r e u n d 
l i c h 1 h a t  b e re its  b e o b a c h te t, daß R o h rz u c k e r  au s  w ä s s e r ig e n

l
n

1-421
0-726
0-545

i  Zeitschr. f. phys. Chem. 57, 407 (1907).
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L ö s u n g e n  s c h w a c h  a d s o rb ie r t w ir d ;  e r s c h re ib t d iese  E rs c h e in u n g  d e r 
h e m m e n d e n  W ir k u n g  d e r a n g e h ä u fte n  H y d r o x y lg ru p p e n  zu . P. R o n a  
u n d  L . M i c h a e l i s 1 u n d  s p ä te r G. W i e g n e r 2 m aß en  d ie  A d s o rp t io n  
an  K o h le  aus  0 - 5 b is  1 *0 ° /0ig e n  u n d  aus  15 0/ 0ig e n  L ö s u n g e n  u n d  
fa n d e n , daß sie re c h t k le in  is t. W i r  h a b e n  fe s tg e s te llt ,  daß d iese  
V e rh ä ltn is s e  a u c h  in  h o c h k o n z e n tr ie r te n  L ö s u n g e n  b e s te h e n  b le ib e n . 
P ro b e n  v o n  6 7 ° /0 ig er R o h rz u c k e r lö s u n g , d ie  24  S tu n d e n  m it  a k t iv e r  
K o h le  g e s c h ü tte lt  w o rd e n  w a re n , w u rd e n  f i l t r ie r t  u n d  n a ch  d e r In 
v e rs io n  m it  K a liu m p e rm a n g a n a t t i t r ie r t .  E s  e rg a b  s ich , daß d ie  
K o n z e n tra t io n  p ra k t is c h  u n v e rä n d e r t b le ib t.  D ie  A d s o rp t io n  v o n  R o h r
z u c k e r  an  K o h le  is t  d a h e r a u ch  in  h o c h k o n z e n tr ie r te n  L ö s u n g e n  
n u r  g e r in g , d ie  O b e rf lä c h e  d e r K o h le  w ir d  d e m n a c h  se lb s t in  s o lc h e n  
L ö s u n g e n  z u  e in e m  g ro ß e n  T e i l  v o n  W a s s e rm o le k ü le n  b e s e tz t se in . 
D o r t  e r fo lg t  a b e r e in  le ic h te r  D u r c h t r i t t  v o n  J o d  u n d  d ie  A d s o rp t io n  
is t  n ic h t  n u r  h o ch , s o n d e rn  d ie  G e s c h w in d ig k e it  is t  a u c h  g roß , m it  
d e r s ic h  das G le ic h g e w ic h t  e in s te llt .

F ü r  d ie  E rk e n n tn is  d e r V o rg ä n g e , w e lc h e  s ich  b e i d e r A d 
s o rp t io n  aus z ä h flü s s ig e n  M e d ie n  a b s p ie le n , is t  es w ic h t ig ,  z u  w is s e n , 
ob  d ie  re la t iv e  A d s o rp t io n s k ra f t  d u rc h  das M e d iu m  b e e in f lu ß t w ird .  
W i r  b e s tim m te n  z u  d ie se m  Z w e c k  an v ie r  v e rs c h ie d e n e n  K o h le n 
s o r te n  d ie  A d s o rp t io n  v o n  J o d  au s  w ä s s e r ig e n  L ö s u n g e n  u n d  v e r 
g lic h e n  s ie  m it  d e r A d s o rp t io n  aus e in e m  w il lk ü r l ic h  g e w ä h lte n  
z ä h f lü s s ig e n  M e d iu m , d e m  jp -M e th y lz y k lo h e x a n o l.

T a b e l l e  19.
m  =  0 -0 6 0 0 , /  =  0 -0 2 5 2 3 .

/
Kohlensorte —

\  m
Sorboid I I .................... 1-94
Carboraffin 1 ■ 71
Sorboid I . . 1 "52
Sanasorben 1•34

D ie  K o h le n  s in d  in  d e r R e ih e n fo lg e  a n g e o rd n e t, w e lc h e  s ich  
aus  d e r A d s o rp t io n s k ra f t  in  w ä s s e r ig e r  L ö s u n g  e rg ib t. E s  w u rd e  
n u n  d ie  A d s o rp t io n  in  ^ ? -M e th y lz y k lo h e x a n o l u n te rs u c h t,  w o b e i 
y  =  0  • 0 0 3 0 8 3  w a r.

X
W e n n  m a n  d ie  W e r te  v o n  —  aus  d e n  T a b e lle n  12, 20, 21

m
u n d  22  v e rg le ic h t, so e rk e n n t m a n , daß d e r G a n g  n ic h t  d e rse lb e  is t. 
W ä h re n d  in  w ä s s e r ig e r  L ö s u n g  d ie  A d s o rp t io n s k ra f t  fü r  Jo d  b e i 
S o rb o id  I  am  g rö ß te n  is t, t r i f f t  d ies  in  j^ -M e th y lz y k lo h e x a n o l fü r  
C a rb o ra ff in  z u . D ie  s p e z if is c h e  A d s o rp t io n s k ra f t  e in e r K o h le  h ä n g t

1 Biochem. Zeitschr. 16, 489 (1908); Koll. Zeitschr. 4, 18 (1908).
2 Koll. Zeitschr. 8, 127 (1911).
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6 9 2 G. W e i ß e n b e r g e r ,  St. B a u m g a r t e n  und R. I l e n k e ,

T a b e l l e 20.
S o rb o id II.

a = 1 5 '5 5 ,  —  
n

X

m

= r  0 -6 3 5 .

beob. —  1 
m

0-00394 0-00230 0-783 0-784
0-00600 0-00194 0-748 0-705
0-00800 0-00179 0-638 0 - 6 6 8

0-00998 0-00159 0-590 0-620
0-01194 0-00141 0-552 0 " 575
0-01390 0-00123 0-525 0-527
0-01596 0-00109 0*492 0-489
0-01796 0-00097 0-463 0 • 455
0-01994 0-00084 0-443 0-414

A

- + -  0  ■ 1 o ’q 

+ 6-2
— 4-6
— 5-0
— 4-1
— 0-4  
-h  0 '7  
- 1- 1-8 
4 - 7 - 0

T a b e l l e  21.
C a rb o ra ff in .

a = : 4 -3 1 ,  —  = 0

00CO

’ n
X X

—  beob. —

m m
0-00194 0-00257 1-052 0-956
0-00400 0-00217 0-897 0-905
0-00600 0-00178 0-857 0-847
0-00796 0-00158 0-743 0-816
0 - 0 1 0 0 2 0-00128 0-710 0-760
0 - 0 1 2 0 0 0 - 0 0 1 1 1 0-646 0-727
0-01400 0-00091 0-611 0-680
0-01590 0-00070 0-591 0-624
0-01792 0-00051 0-567 0-561
0 - 0 2 0 0 0 0-00036 0-536 0-504
0 - 0 2 2 0 0 0 - 0 0 0 2 2 0-512 0-430
0-02402 0-00018 0-477 0-399

A

- +  1 0 - 1  °/o

— 0-9 
+  1*1
— 9-0
—  6- 6  
—  1 1 - 2  
—  10-1 
— 5-3 
H- 0-9 
-+- 6-3 
H b  19-0 
- h  19-4

a lso  v o n  d e r c h e m is c h e n  N a tu r  des M e d iu m s  ab, aus  dem  a d s o rb ie r t 
w ird .  D ie s  is t  w ie d e r  e in  B e w e is  fü r  d ie  A n n a h m e , daß b e i de r 
A d s o rp t io n  a u s  z ä h flü s s ig e n  M e d ie n  a u c h  das M e d iu m  in  e ine 
B e z ie h u n g  z u r  K o h le n o b e r f lä c h e  t r i t t .

B e m e rk e n s w e r t is t  a u c h  d e r U m s ta n d , daß d ie  R e ih e n fo lg e  d e r 
W ir k s a m k e it  d e r v ie r  K o h le n  in  jy -M e th y lz y k lo h e x a n o l g e ra d e  u m 
g e k e h r t is t, w ie  d ie  R e ih e n fo lg e  ih re r  A d s o rp t io n s k ra f t  aus w ä s s e r ig e r 
L ö s u n g . M a n  k a n n  s ic h  e tw a  v o rs te lle n , daß d ie  je  n a c h  d e r  H e r 
s te llu n g s a r t  d e r K o h le  v e rs c h ie d e n e n  R e s tfe ld e r an  d e r O b e rflä c h e
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T a b e l l e  22.

S a n a so rb e n .

a =  6 • 97, —  =  0  
n

535 .

X
—  beob. 
m

X
■—  bei 
m A

0-00398 0-00247 0-608 0 ■ 585 +  3-90/0

0-00596 0-00224 0 ■ 555 0 - 556 —  0-2
0- 00800 0-00206 0-504 0-532 — 5-2
0-00992 0-00185 0-489 0-502 — 2-7
0-01190 0-00168 0-465 0-476 — 2 - 2

0-01390 0-00150 0 • 448 0-449 — 0 - 2

0-01598 0-00137 0-422 0-428 — 1-5
0-01792 0 - 0 0 1 2 1 0-412 0-399 +  3 ' 1
0- 01994 0-00107 0-397 0-375 -{-5-7

d e r K o h le e ine  g e r in g e V e rw a n d ts c h a ft  z u  W a s s e r, h in g e g e n  e ine
g rö ß e re  z u  J o d  haben . In fo lg e d e s s e n  w e rd e n  aus  w ä s s e r ig e r  L ö s u n g  
v e rh ä ltn is m ä ß ig  w e n ig  W a s s e rm o le k ü le  u n d  m e h r J o d m o le k ü le  a n 
g e la g e rt, w o ra u s  s ic h  das B ild  d e r T a b e lle  19 e rg ib t. B e z ü g lic h  
jp -M e th y lz y k lo h e x a n o l b e s itz t das R e s tfe ld  je d o c h  e ine  g rö ß e re  A n 
z ie h u n g s k ra f t  a ls  g e g e n ü b e r Jo d  u n d  d a h e r w ir d  d ie  O b e rflä c h e  v o n  
d e n  K o m p le x e n  d ieses  S to ffe s  d ic h te r  a ls  v o n  Jo d  b e se tz t. D a d u rc h  
k a n n  s ich  a b e r d ie  R e ih e n fo lg e  d e r W ir k s a m k e it  d e r K o h le n  u m k e h re n .

F ü r  d ie  B e re c h n u n g  d e r A d s o rp tio n s g rö ß e  h a t H . F r e u n d l i c h  
d ie  b e k a n n te  X -F o rm e l a b g e le ite t.1 D ie  F o rm e l h a t s ich  in  v ie le n  
F ä lle n  b e w ä h rt,  es s in d  a b e r a u c h  S y s te m e  b e k a n n tg e w o rd e n , w o  
ih re  A n w e n d u n g  n ic h t  z u  b e fr ie d ig e n d e n  R e s u lta te n  fü h rte . F ü r  
u n s e re  V o rs te llu n g  v o m  A d s o rp t io n s v o rg a n g  in  z ä h flü s s ig e n  M e d ie n  
w a r  es v o n  B e d e u tu n g , d ie  G ü lt ig k e it  d e r G le ic h u n g  an u n se re m  
V e rs u c h s m a te r ia l z u  p rü fe n  u n d  es fo lg e n  d a h e r d ie  E rg e b n is s e  d e r 
b e tre ffe n d e n  M e s s u n g e n  in  ta b e lla r is c h e r  A n o rd n u n g , c b e d e u te t d ie  
E n d k o n z e n tra t io n  in  M i l l im o l p ro  L ite r ,  y  den  T i te r  in  den  g le ic h e n  
B e z u g s e in h e ite n .

T a b e l l e  23. T a b e l l e  24.
o -M e th y lz y k lo h e x a n o l.  -m -M e th y lz y k lo h e x a n o l.

y  — 2 8 -1 4 . y  — 3 0 -3 9 .

\ X

0-00438 27-6 13-1 0-00380 27-0 31-1
0-00854 25-3 12-5 0-00764 23-9 31-2
0-01194 24-3 12-4 0-01152 21-9 28-5

1 Zeitschr. f. phys. Chem. 57, 388 (1907). 

Sitzungsber ichte d. mathem.-naturw. Kl.,  Abt. I lb ,  134. Bd. 49
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6 9 4 G. W e i ß e n b e r g e r ,  St. B a u m g a r t e n  und R. H e n k e ,

(Zu Tabelle 23.) (Zu Tabelle 24.)

X X
0-01730 23-0 11-5 0-01572 19-5 28-4
0-02130 2 2 - 1 11-3 0-02084 17-3 27-0
0-02532 21-5 1 0 - 6 0-02402 16-0 26-6
0-03370 19-9 10-3 0-03172 13-2 26-2
0-03916 19-1 9-9 0-03552 1 2 - 1 26-0
0-04598 18-3 9-3 0-03998 1 1 - 1 25-1
0-05582 17-0 9-0

T a b e l l e  25. T a b e l l e  26.
jP -M e th y lz y k lo h e x a n o l. Ö lsä u re .

y  — 1 2 -4 3 . y  =  1 3 -6 5 .

m X c X
0-00592 9 ■ 54 44-5 0-00468 10-92 47-6
0-00790 8-70 45-1 0-00804 9-18 49-3
0-00994 7-98 44-5 0-01218 7-29 51-5
0-01140 7-50 44-3 0-01658 5-82 51 -4
0-01272 7-07 44-3 0-01970 4-59 55 - 3
0-01390 6-70 44-4 0-02266 3-66 58-0
0-01566 6-32 43-2 0-02798 2-85 55 • 9
0-01800 5-73 43-0 0-03200 2-37 54-7
0-01980 5-37 42-3 0-03786 1 - 8 8 52-3
0-02198 4-91 42-2 0-04414 1 "45 50-7

T a b e l l e  27. T a b e l l e  28.
M ilc h s ä u re . R o h rz u c k e r lö s u n g .

=  7 -5 0 7 . y -  -- 4 7 -3 1 .

X X
0-00592 6-32 29-2 0-00208 36-6 123-0
0 - 0 1 0 0 0 5-59 29-5 0-00356 30-8 1 2 0 - 2

0-01394 4*95 29-8 0-00594 24-6 109-7
0-01802 4-57 27-6 0-00796 20-4 105-9
0-02462 3-90 26-6 0-00996 17-5 99-6
0-03190 3-31 25-6 0-01220 14-5 97-0
0-03914 2-82 25-0 0-01398 12-3 96-5
0-04778 2-51 22-9 0-01880 9-8 83-4

0-02264 7-9 78-7
0-03208 4-9 70-5

D ie  B e tra c h tu n g  d e r T a b e lle n  z e ig t, daß X im  a llg e m e in e n  n ic h t
a ls  k o n s ta n t z u  b e z e ic h n e n  is t, w ie w o h l e ine  g e w is s e  G e s e tz m ä ß ig k e it
n ic h t  v e rk a n n t w e rd e n k a n n . T rä g t  m a n  d ie  W e r te  in  e in  lo g a r ith -
m is c h e s  K o o rd in a te n s y s te m  e in , so  e rg ib t s ich , daß d ie  e x p o n e n tie lle
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A b h ä n g ig k e it  d e r E n d k o n z e n tra t io n  c v o n  m  ta ts ä c h lic h  b e s te h t, n u r  
s c h e in t s ie  n o c h  v o n  N e b e n e in flü s s e n  ü b e rd e c k t z u  se in . A b e rm a ls  
w e rd e n  w i r  z u r  A n s c h a u u n g  g e fü h r t ,  daß d ie  c h e m is c h e n  E ig e n 
s c h a fte n  des M e d iu m s  s ic h  b e i d e r A d s o rp t io n  g e lte n d  m a c h e n . U m  
e in e n  w e ite re n  B e w e is  d a fü r  z u  e rh a lte n , h a b e n  w i r  v e rs c h ie d e n e  
K o h le n  in  e in e m  w i l lk ü r l ic h  g e w ä h lte n  M e d iu m  g e p rü ft,  in  /? -M e th y l-  
z y k lo h e x a n o l.  y  w a r  in  a lle n  F ä lle n  1 2 -1 5 .

T a b e l l e  29. T a b e l l e  30.
S o rb o id  II. S a n a so rb e n .

l X
0 00394 9-06 74-3 0 00398 9 73 55-8
0 00600 7-66 76-8 0 00596 8 84 53-3
0 00800 7-05 68-0 0 00800 8 12 50-3
0 00998 6-26 66-4 0 00992 7 30 51-3
0 01194 5-56 6 5- 4 0 01190 6 61 51-1
0 01390 4- 85 66-0 0 01390 5 92 51-7
0 01596 4-30 64-9 0 01598 5 41 50-5
0 01796 3-84 64-0 0 01792 4 76 52-2
0 01994 3-32 65" 0 0 01994 4 22 53-0

T a b e l l e  31
C a rb o ra ff in .

0-00194 10 11

X
94-7

0-00400 8 56 87-4
0-00600 7 00 91-6
0-00796 6 23 83-7
0-01002 5 03 87-9
0-01200 4 39 84-7
0- 01400 3 59 87-0
0-01590 2 75 93-3
0-01792 1 99 100-8
0-02000 1 44 106-7
0-02200 0 89 118-9
0-02402 0 70 118-6

W il e rh a lte n , w ie v o ra u s z u s e h e n , ande re  B ild e r. W ä h re n d
S o rb o id  I  in  p -M e th y lz y k lo h e x a n o l e in e  le ic h te  S c h w a n k u n g  d e r 
K o n s ta n te  e rg a b , m it  e in e m  g e r in g e n  fa lle n d e n  G a n g  n a c h  s te ig e n 
d e m  m,  z e ig t  C a rb o ra ff in  e in e  b e trä c h t lic h e  S c h w a n k u n g  m it  d e m  
e n tg e g e n g e s e tz te n  G ang . D ie  W e r te  d e r b e id e n  ä n d e rn  K o h le n  lie g e n  
d a z w is c h e n . Im  ü b r ig e n  re ih e n  s ic h  d ie  v ie r  v e rs c h ie d e n e n  K o h le n  
w ie d e r  g e n a u  so  an, w ie  w ir  d ies  s c h o n  w e ite r  obe n  b e o b a c h te t h a b e n .

H . F r e u n d l i c h  h a t d a ra u fh in g e w ie s e n , daß d ie  N ic h tk o n s ta n z  
d e r X -W e rte  s ich  in  e in ig e n  F ä lle n  m it  d e r e le k tro ly t is c h e n  S p a ltu n g
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des A d s o rp t iv s  e rk lä re n  ließe. B e i d e n  S y s te m e n , d ie  G e g e n s ta n d  
u n s e re r U n te rs u c h u n g  b ild e n , k o m m t d ies  w o h l n ic h t  in  F ra g e . W i r  
s in d  v ie lm e h r  g e n e ig t, a n zu n e h m e n , daß d ie  R e s tfe ld e r an  d e r O b e r
flä c h e  d e r K o h le , w e lc h e  fü r  je d e  K o h le , je  n a c h  dem  H e rs te llu n g s 
v e rfa h re n , n a c h  d e m  s ie  g e w o n n e n  is t, v e rs c h ie d e n  s in d , s o w o h l 
a u f  das M e d iu m  a ls  a u c h  a u f  das A d s o rp t iv  w ir k e n .  Je n a c h  d e r 
c h e m is c h e n  V e rw a n d ts c h a ft  z w is c h e n  d e n  R e s tfe ld e rn  v o n  K o h le  
u n d  A d s o rp t iv ,  b e z ie h u n g s w e is e  M e d iu m  w ir d  d ie  d a rg e b o te n e  O b e r
flä ch e  a n d e rs  b e s e tz t w e rd e n . D ie s e  c h e m is c h e n  V o rg ä n g e  w e rd e n  
ü b e r la g e r t v o n  d e n  re in  p h y s ik a lis c h e n , d ie  d u rc h  d ie  D if fu s io n s 
g e s c h w in d ig k e it ,  d u rc h  d ie  rä u m lic h e  A u s d e h n u n g  d e r M o le k ü l
k o m p le x e  a s s o z iie r te r  F lü s s ig k e its a n te ile  u s w . b e d in g t  s in d . S ie  tre te n  
in  ih re r  W ir k s a m k e it  z u rü c k ,  w e n n  B e d in g u n g e n  g e s c h a ffe n  w e rd e n , 
w e lc h e  d ie  p h y s ik a lis c h e n  V o rg ä n g e  b e s o n d e rs  h e rv o rh e b e n . D ie s e m  
U m s ta n d  is t  es z u z u s c h re ib e n , daß X h ä u f ig  n a h e  k o n s ta n t, a b e r 
m itu n te r  a u c h  t ro tz  e rk e n n b a re r  G e s e tz m ä ß ig k e it re c h t s c h w a n k e n d  
e rh a lte n  w ird .

F ü g t  m a n  d e m  z ä h flü s s ig e n  M e d iu m  e in e n  d r it te n  S to ff, e in  
V e rd ü n n u n g s m it te l z u , so w e rd e n  d ie  a s s o z iie r te n  K o m p le x e  a b 
ge b a u t. D a d u rc h  g e h t a u ch  e in  A u s ta u s c h  an d e r O b e rflä c h e  v o r  
s ich , da  e in  n e u e r S to f f  in  w a c h s e n d e r M e n g e  h in z u k o m m t u n d  d e r 
V o rg a n g , w e lc h e r  im  W e s e n  c h e m is c h e r  N a tu r  is t, lä ß t s ich  a ls  
F u n k t io n  d e r Z ä h ig k e it  d a rs te lle n , w ie  w i r  in  de r e rs ten  M it te i lu n g  
g e z e ig t h aben . E s  w a r  v o n  In te re sse , d ie  P rü fu n g  d ie se r B e z ie h u n g  
an e in e r g rö ß e re n  Z a h l v o n  S u b s ta n z e n  z u  w ie d e rh o le n  u n d  w ir  
h a b e n  d a h e r sechs  S y s te m e  in  n a c h s te h e n d e r W e is e  u n te rs u c h t.

E s  w u rd e  in  d e r g e w ä h lte n  Z u s a tz f lü s s ig k e it ,  w e lc h e  s ic h  m it  
d e m  z ä h flü s s ig e n  M e d iu m  o h n e  V o lu m ä n d e ru n g  m isch te , e in e  L ö s u n g  
des A d s o rp t iv s  h e rg e s te llt  u n d  d u rc h  w ie d e rh o lte  s o rg fä lt ig e  E in 
s te llu n g  a u f  den  g le ic h e n  T i t e r  w ie  d ie  L ö s u n g  im  z ä h f lü s s ig e n  
M e d iu m  g e b ra c h t. D ie  b e id e n  L ö s u n g e n  k o n n te n  n u n  in  je d e m  
b e lie b ig e n  V e rh ä ltn is  g e m is c h t w e rd e n , o h n e  daß e ine  V e rä n d e ru n g  
des T ite rs  e in tra t. A u s  z w e i B ü re tte n  w u rd e n  d ie  v e rs c h ie d e n e n  
M is c h u n g e n  in  M is c h z y l in d e rn  h e rg e s te llt  u n d  je d e  P ro b e  w u rd e  a u f  
ih re  Z ä h ig k e it ,  d ie  A d s o rp t io n s v e rh ä ltn is s e  u n d  d ie  D ic h te  g e p rü f t .  
In  den  T a b e lle n  b e d e u te t n den  B r u c h te il  des G e s a m tv o lu m e n s , 
w e lc h e n  das V e rd ü n n u n g s m it te l e in n im m t.

T a b e l l e  32. 

o -M e th y lz y k lo h e x a n o l— A lk o h o l.  

m  — 0 -0 1 9 9 0 ;  y '  — 0■ 0 0 7 5 8 9 ; ß =  1 • 555 , —  =  0 ’ 585 .
Y

x ,r
v] —  beob. —  ber.

m m
0-0 27178 0-192 0-194 — l - 0 ° / 0

0-1 13-46 0-318 0-296 -+-7-5
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(Zu Tabelle 32.)

’n —  beob. 
in

X
—  ber. 
m

A

0 - 2 8-71 0-401 0-382 +  5-0 %
0-3 5-89 0-477 0-480 — 0 - 6

0-4 4-27 0 • 566 0-580 — 2-4
0-5 3-29 0-647 0-674 — 4-0
0 - 6 2-62 0-726 0-772 — 6 - 0

0-7 2-16 0-838 0-864 — 3-0
0 - 8 1-80 0-937 0-960 — 2 - 0

0-9 1 • 55 1-077 1 • 105 —  2-5
1 - 0 1-38 1-157

T a b e l l e

1 -123

33.

+  3-0

m - -M e th y lz y k lo h e x a n o l— A lk o h o l.

m  =  0 - 0 1 9 9 2 ;  y '  =  0 -0 0 4 9 0 3 ; ß =  0 -9 3 9 ,  - -  
r

=  0 -3 5 9 .

‘n
X

—  beob. 
in

X
—  ber. 
1)1

A

o-o 31-25 0-284 0-273 - 4 - 5 0 / 0

0-05 20-32 0-321 0-319 — 0-7
o-i 15-72 0-364 0-349 — 4-2
0 - 2 9-42 0-423 0-420 — 0-9
0-3 6-36 0-501 0-483 — 3-9
0-4 4-46 0"552 0-549 — 0 - 6

0-5 3-43 0-610 0-603 — 1-2
0 - 6 2-70 0 - 650 0-657 +  1-1
0-7 2-18 0-706 0-710 +  0 - 6

0 - 8 1-84 0-752 0-754 -+-0-3
0 • 9 1-57 0-778 0-800 +  2 - 8

1-0 1-38 0-830 0-836 -|-  0 • 7

T a b e l l e  34. 
/ 7-M e th y lz y k lo h e x a n o l— A lk o h o l.

m  =  0 - 0 0 9 9 0 ;  /  =  0 -0 0 2 6 8 1 ;  ß =  0 -8 7 6 ,  —  =  0 -4 4 1 .
r

X
—  beob. 
m

X
—  ber. 
m A

o-o 39-83

COl>-

o 0-173 +  0 - 0 0

o - i 17-45 0-248 0-248 ± 0 - 0

0 - 2 10 "45 0-309 0-311 — 0 - 8

0-3 6 - 6 8 0-393 0-379 -h  3 " 6

0-4 4-77 0-436 0-440 —  0 ' 8

0 * 5 3-62 0-481 0-497 —  3" 0
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(Zu Tabelle 34.)

‘n —  beob. —  ber. /\
m m

•6 2-84 0-537 0" 553 — 2 -
•7 2-36 0-607 0-600 -h  1 -
•8 2-03 0-633 0-641 — 1 -
•9 1-75 0-692 0-685 H~ 1 "
■o 1 1 58 0-726 0-716 Hb 1-

T a b e l l e  35. 
ö ls ä u r e — B e n zo l.

m  = 0 - 0 1 2 1 6 ;  /  =  0 -0 0 1 9 0 5 ;  ß =  0 -1 6 0 ,  y  =  0 -2 6 4 .

v] •— ■ beob. —  ber. A
m m

O'O 38-41 0-058 0 ‘061 — 4 ■ 7 0 / 0

0-1 18-30 0-074 0-074 +  0-0
0-2 10-52 0-084 0 '086 — 2 '0
0-3 6 - 6 8  .0-096 0 '097 — 0-6
0-4 4-19 0-108 0-110 — 1-2
0-5 2-88 0-117 0-121 — 3-3
0-6 2-02 0-132 0-133 — 0 '2
0-7 1-51 0-145 0-143 —|— 1 * 1
0-8 1-11 0-157 0-155 —f— 1 • 2
0- 9 0- 82  0-169 0-178 + 0 ' 4
1-0 0 - 6 4  0-184 0-180 + 2 - 0

T a b e l l e  36.
M ilc h s ä u re — W a s s e r.

m  =  0 - 0 0 9 9 0 ;  y  =  0 -0 0 3 8 1 3 ;  ß =  1 -6 7 0 , —  =  0 -5 9 2 .
r

’n
X

—  beob. 
m

X
—  ber. 
m A

0 - 0 75-16 0-126 0-129 — 2 -2 0/
o-i 27-80 0-243 0-233 -h  4-0
0 - 2 12-75 0-402 0-370 -f- 8-7
0-3 7-30 0-531 0-515 - h  3-0
0-4 4-57 0-759 0-679 -b  1 2 - 0

0-5 3-17 0-849 0-843 -+- 0-7
0 - 6 2-36 1-055 1-005 H- 5-0
0-7 1-78 1-262 1-187 +  6-5
0 - 8 1-40 1-414 1-366 -h  3-6
0-9 1 • 14 1 -462 1-543 — 5-2
1 - 0 1 - 0 2 1-506 1-650 — 9-0
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T a b e l l e  37 .
R o h rz u c k e r— W a s s e r . 

m  — 0 -0 1 0 0 ;  /  =  0 - 0 1 2 6 5 ;  3 =  3 -9 8 0 ,  —  =  0 -0 6 9 .
Y

X
—  beob. 
1H

—  ber. 
m

A

o-o 90-23 3-019 2-916 - h  3 • 30/
o- 1 37-04 3-251 3-101 H -4-8
0 - 2 16-29 3-350 3-282 +  2 - 0

0-3 8-44 3-457 3-435 +  0-7
0-4 4-93 3-570 3-565 H- 0 " 2

0-5 3-19 3-673 3-674 ± 0 - 0

0 * 6 2-29 3-745 3-759 — 0-4
0-7 1-67 3-791 3-841 — 1-3
0 - 8 1-42 3-846 3-886 — 1 - 0

0-9 1-15 4-004 3-942 -b  1 ■ 5
1 - 0 1 - 0 0 4-150 3-980 —t— 4*2

D ie  h y p e rb o lis c h e  G le ic h u n g  is t, w ie  m a n  s ie h t, re c h t g u t  e r
fü l l t .  D ie  A b w e ic h u n g e n  d e r b e re c h n e te n  v o n  den b e o b a c h te te n  
W Te rte n  s in d  g e r in g , b is  a u f  das S y s te m  m it  M ilc h s ä u re , w o  g rö ß e re  
F e h le r  V o rk o m m e n . D ie s e lb e n  s in d  a b e r d a d u rc h  v e ru rs a c h t,  daß w i r  
a u s  d e n  e in g a n g s  d a rg e le g e te n  G rü n d e n  n ic h t  in  d e r L a g e  w a re n , d ie  
Z ä h ig k e it  d ieses  h o c h v is k o s e n  M e d iu m s  m it  d e rs e lb e n  G e n a u ig k e it  
z u  m essen  w ie  b e i den  ü b r ig e n  S y s te m e n .

Im  a llg e m e in e n  is t  d e r U n te rs c h ie d  z w is c h e n  d e r a d s o rb ie r te n  
M e n g e  im  u n v e rd ü n n te n  M e d iu m  u n d  d e r im  v e rd ü n n te n  g roß . N u r  
b e im  R o h rz u c k e r  is t  d ie  D if fe re n z  a u ffa lle n d  k le in . D ie  U rs a c h e  is t  
in  d e m  U m s ta n d  z u  su ch e n , daß w ir  b e i d ie s e m  S y s te m  s c h o n  v o n  
e in e r M is c h u n g  a u sgehen , d ie  3 3 %  W a s s e r e n th ä lt,  d a h e r das 
A n fa n g s s tü c k  d e r K u rv e  n ic h t  k e n n e n  u n d  u n s  n u r  m e h r im  u n te re n  
A s t  b e w e g e n . D ie  O b e rflä c h e  d e r K o h le  is t  in  d ie se r M is c h u n g  sc h o n  
w e itg e h e n d  v o n  W a s s e rm o le k ü l'e n  b e se tz t, d e r E n d w e r t  d e r A d 
s o rp t io n  d a h e r v o m  A u s g a n g s z u s ta n d  n ic h t  m e h r s ta rk  a b w e ic h e n d .

B e tra c h te n  w i r  d ie  K o n s ta n te n  d e r e in a n d e r c h e m is c h  n a h e 
s te h e n d e n  S to ffe , d e r d re i is o m e re n  M e th y lz y k lo h e x a n o le ,  so z e ig t  
s ich , daß sie s ich  re g e lm ä ß ig  ve rä n d e rn .

T a b e l l e  38.

ß
l
r

o-Methylzjrklohexanol. . 1 - 555 0 • 585
0-939 0-359

p -  0-876 0-441

D ie  K o n s ta n te n  fa lle n  in  d e r R ic h tu n g  v o m  o -M e th y lz y k lo -  
h e x a n o l z u m  ^ - Is o m e re n  ab, e in  G ang , den  w i r  a u c h  s c h o n  an  d e r
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F re u n d lic h ’sch e n  A d s o rp t io n s is o th e rm e  (T a b e lle  18) b e o b a c h te t haben . 
D a  d iese  R e ih e n fo lg e  a b e rm a ls  in  d e r c h e m is c h e n  K o n s t i tu t io n  b e 
g rü n d e t is t, k a n n  k e in  Z w e ife l d a rü b e r  b e s te h e n , daß ch e m isch e  
K rä fte  b e i den  A d s o rp t io n s e rs c h e in u n g e n  m its p ie le n .

D ie  h y p e rb o lis c h e  G le ic h u n g  s te llt  d ie  A b h ä n g ig k e it  des A d 
s o rp tio n s v o rg a n g e s  v o n  7] dar. D ie se  B e z ie h u n g  lä ß t s ic h  n ic h t  d u rc h  
d ie  M is c h u n g s v e rh ä ltn is s e  e rse tze n . T rä g t  m a n  d ie  Z u s a m m e n s e tz u n g  
d e r  M is c h u n g e n  e in e rse its  u n d  d ie  a d s o rb ie r te n  M e n g e n  a n d e rse its  
in  e in  K o o rd in a te n s y s te m  e in , so e rh ä lt  m a n  k e in e  re g e lm ä ß ig e  
K u rv e . H in g e g e n  d e u te t d ie  F o rm  d e r w -v j-K u rv e n  a u f  e ine  e x p o 
n e n t ie lle  A b h ä n g ig k e it  d e r V is k o s itä t  v o n  d e r Z u s a m m e n s e tz u n g  d e r 
M is c h u n g  h in .

Z ä h f lü s s ig e  M e d ie n  in  M is c h u n g  m it  le ic h tb e w e g lic h e n  F lü s s ig 
k e ite n  lassen  e ine  sc h a rfe  P rü fu n g  d e r Z a h le n b e z ie h u n g e n  z w is c h e n  
Z u s a m m e n s e tz u n g  d e r M is c h u n g  u n d  ih re r  V is k o s i tä t  zu , da  d ie  
U n te rs c h ie d e  b e s o n d e rs  g ro ß  s in d . A l le  b is h e r a b g e le ite te n  F o rm e ln  
fü r  d ie  Z ä h ig k e it  v o n  M is c h u n g e n  s in d  a b e r an re la t iv  le ic h t  b e w e g 
lic h e n  F lü s s ig k e ite n  g e w o n n e n  w o rd e n . W i r  h a b e n  an  u n s e re n  
S y s te m e n  d ie  G le ic h u n g e n  v o n  F . D o le z a le k  u n d  A . S c h u l z e 12 
s o w ie  d ie  F o rm e ln  v o n  J. K e n d a l l  u n d  K . P. M o n r o e 32 g e p rü f t ,  
k o n n te n  a b e r n u r  fe s ts te lle n , daß s ie  s ä m tlic h  be i z ä h flü s s ig e n  M e d ie n  
v e rs a g e n .

1 Zeitschr. f. phys. Chem. 83, 73 (1913).
2 K rem an n ,  Die binären Flüssigkeitsgemische, Verlag Enke, Stuttgart» 

p. 236 (1916).
3 Chem. Zentralbl. 1918, I, p. 802.
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