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The Swelling of Charcoal. Part I .—Preliminary Experiments with 

Water Vapour, Carbon Dioxide, Ammonia, and Sulphur 

Dioxide.

B y  D . H. Ba n g h a m , M .A ., D .S c ., a n d  Na z im Fa k h o u r y , B.Sc . 

(C o m m u n ic a ted  b y  D . L . C h a p m a n , F .R .S .— R ec e iv ed  A p ril  16, 1930.)

T h e  e x p e r im e n ts  of M ee h a n *  h a v in g  sh o w n  t h a t  c h a r c o a l in c re a s e s  in  v o lu m e  

w h e n  t a k in g  u p  c a r b o n  d io x id e , i t  b e c a m e  a n  o b v io u s  s te p  t o  c o r re la te  th i s  

e x p a n s io n  w i th  t h e  q u a n t i t y  o f g a s  a d s o r b e d . f  I n  th i s  p a p e r  a  fo rm  of 

e x te n s o m e te r  is  d e sc r ib e d  w h ic h , w h ile  su ff ic ie n tly  s e n s it iv e  a n d  a c c u r a te  fo r  

t h e  m e a s u r e m e n t  o f t h e  p e r c e n ta g e  l in e a r  e x p a n s io n  (x) o f a  r o d  o f w o o d  

c h a r c o a l, w as  y e t  c o m p a c t  e n o u g h  to  p e r m i t  i t s  b e in g  s e a le d  u p  in  a n  a ll-g la s s  

a p p a r a tu s ,  so  t h a t  s im u l ta n e o u s  d e te r m in a t io n s  c o u ld  b e  m a d e  o f t h e  w e ig h t 

(s) o f g a s  t a k e n  u p  p e r  u n i t  w e ig h t o f t h e  a d s o r b e n t .

T h e  g ra p h s  o b ta in e d  b y  p lo t t in g  t h e  v a r ia b le s  x a n d  s h a v e  c e r ta in  in te r e s t in g  

c h a r a c te r is t ic s  w h ic h  i t  w ill b e  c o n v e n ie n t  t o  d e sc r ib e  b e fo re  d e a lin g  w i th  t h e  

d e ta i le d  re s u lt s . A s fig . 1 sh o w s , t h e  c o e ff ic ien t dx/ds in c re a s e s  s te a d i ly  w i th  s ; 

t h u s  f a r  th e  c h a r c o a l b e h a v e s  s im ila r ly  t o  m a n y  o f t h e  c o m m o n  g e ls , w h ic h  

c o n t r a c t  p r o p o r t io n a t e ly  le ss  in  t h e  l a t e r  s ta g e s  o f d ry in g , o w in g  to  t h e  m icellae 

c o m in g  in  c o n ta c t  w i th  e a c h  o th e r .  T h e  sw e llin g  o f c h a r c o a l,  h o w e v e r , a p p e a r s  

t o  fo llo w  a  m o re  r e g u la r  c o u rse  t h a n  t h a t  o f t h e  e la s tic  g e ls , a n d  in  th e  c a se  o f 

a m m o n ia , c a r b o n  d io x id e , a n d  s u lp h u r  d io x id e  is  g iv e n  w i th in  t h e  lim it s  of 

a c c u ra c y  of o u r  e x p e r im e n ts  b y  h y p e rb o lic  e q u a t io n s  o f th e  t y p e

w h e re  k a n d  S a re  c o n s ta n ts  c h a r a c te r i s t ic  o f e a c h  g a s. I n  fig . 1 t h e  e x p e r i 

m e n ta l  v a lu e s  o f x h a v e  b e e n  p lo t t e d  ( fo r c o n v e n ie n c e  o f re p re s e n ta t io n )  a g a in s t 

s/S. T h e  s m o o th  c u rv e s  fo r  a m m o n ia , c a r b o n  d io x id e , a n d  s u lp h u r  d io x id e  

a re  t h e  g ra p h s  d e r iv e d  f r o m  e q u a tio n s  of th e  a b o v e  fo rm , u s in g  a p p r o p r ia te  

v a lu e s  of th e  c o n s ta n ts .  A n  a d d i t io n a l  te r m  (a  sm a ll a d d i t iv e  c o n s ta n t  o v e r  

th e  e x p e r im e n ta l ra n g e )  is  n e c e s sa ry  to  r e p re s e n t  th e  b e h a v io u r  o f w a te r  v a p o u r .

*  M e e h a n ,  4 P r o c .  R o y .  S o c . , ’ A ,  v o l .  1 1 5 , p .  1 9 9  ( 1 9 2 7 ) .

•j* B a n g h a m  a n d  F a k h o u r y ,  ‘ N a t u r e , ’ v o l .  1 2 2 ,  p .  6 8 1  ( 1 9 2 8 ) .  T h e  r e la t io n  b e tw e e n  t h e  

e x p a n s i o n  a n d  t h e  s o r p t i o n  t h e r e  g i v e n  w a s  n o t  c o n f ir m e d  w h e n  t h e  e x p e r im e n t s  w e r e  

e x t e n d e d  t o  c o v e r  a  w id e r  r a n g e  o f  v a lu e s .

V O L . C X X X .— A . G
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T h e  v a lu e s  o f th e  c o n s ta n ts  h a n d  S fo r  th e  fo u r  g a se s  a r e  s e t  o u t  in  th e  

fo llo w in g  ta b le  ; t h e y  re fe r  in  a ll  c a ses  to  e x p e r im e n ts  c a r r ie d  o u t  a t  ro o m

D .  H .  B a n g h a m  a n d  N .  F a k h o u r y .

o  W a t e r

_  A  C a r b o n  d io x id e

© A m m o n ia  

X  S u lp h u r  d io x id e

Fig . 1 .— E x p a n s i o n  o f  C h a r c o a l  a t  R o o m  T e m p e r a t u r e .  A b s c is s a e ,  F r a c t io n s  o f  

L im i t i n g  S o r p t io n  V a lu e s ,  O r d in a t e s ,  L in e a r  E x p a n s i o n  p e r  c e n t .

t e m p e ra tu re . I t  is  n o tic e a b le  t h a t  th e  S -v a lu e s  (w h ich  a re  c a lc u la b le  f ro m  

th e  o b se r v a t io n s  to  w ith in  a  few  p e r  c e n t.)  sh o w  a p p r o x im a te  a g re e m e n t w ith  

th e  r e g u la r i ty  o b se rv ed  b y  G u rv its c h *  in  th e  case  of th e  s a tu r a t i o n  s o rp tio n  

v a lu es , t h a t  is to  s a y  th e y  r e p re s e n t n e a r ly  e q u a l  v o lu m e s  o f th e  n o rm a l l iq u id  

a t  th e  e x p e r im e n ta l  te m p e ra tu re .  T h e  p r o d u c t  SV s (w h e re  V s is th e  specific  

v o lu m e  of th e  liq u id  a d so rb a te )  is, h o w e v e r, r a th e r  sm a lle r  in  th e  case  of th e  

d e n se r  l iq u id s .

* G u r v it s c h ,  ‘ J .  R u s s .  C h em .  S o c . , ’ v o l .  4 7 ,  p .  8 0 5  ( 1 9 1 5 ) .
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Swelling o f Charcoal. 8 3

T a b le  I .

( T e m p e r a tu r e  18° to  20° C .)

— h 2o . c o 2. n h 3. s o 2.

& (p e r  c e n t . )  . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 0 - 1 1 0 0 - 1 4 3 0 - 2 5 2 0 - 1 7 0 5

S  ( g r a m s  p e r  g r a m  o f  c h a r c o a l)  ........... 0 - 1 5 8 0 - 1 3 9 0 - 1 1 2 0 - 2 1 0

S V s ( c u b ic  c e n t im e t r e s )  . .. .. .. .. .. .. .. .. .. .. .. . 0 - 1 5 8 0 - 1 7 7 0 - 1 8 3 0 - 1 5 1

A ^

E'

Pi"

k B

D

T

Experimental.

T h e  e x te n s o m e te r  u s e d  w a s  a  n ic k e l i n s t r u m e n t  c o n s t r u c te d  t o  t h e  a u t h o r s ’ 

d e s ig n  b y  M essrs. B e c k e r  & Co. I t  o p e r a te d  o n  m u c h  th e  s a m e  p r in c ip le  a s  

t h a t  e m p lo y e d  b y  M e e h a n , b u t  a  s c a le  a n d  p o in te r  w e re  

s u b s t i t u te d  fo r  t h e  o p t ic a l  le v e r .  T h e  c h a r c o a l  r o d  w a s  I I

p la c e d  b e tw e e n  t h e  a d ju s t a b le  ja w s  A , A ' (see  fig . 2). O n  

e x p a n d in g , i t  r a is e d  t h e  d is ta n c e -p ie c e  a n d  k n if e -e d g e  fix e d  

t o  th e  u p p e r  ja w , c a u s in g  a  r o t a t i o n  o f th e  le v e r  B  a b o u t  a  

p a i r  of c o p la n a r  k n ife -e d g e s  a t  C. V ib r a t io n  o f th e  p o in te r  

w a s  p r e v e n te d  b y  tw o  l ig h t  r e tu r n - s p r in g s  a t  D , w h ile  th e  

b o d y  of t h e  e x te n s o m e te r  i t s e lf  w a s  h e ld  f irm ly  in s id e  th e  

c o n ta in in g  t u b e  b y  t h e  c o m p re s s io n -s p r in g s  E , E ' ,  E " .

T h e  le v e r  m a g n if ie d  th e  m o v e m e n t  a b o u t  40  tim e s , so  t h a t  

w i th  t h e  a id  o f a  r e a d in g  m ic ro s c o p e  a n  e x p a n s io n  o f o n e  

tw o - th o u s a n d th  o f a  m il lim e tre  c o u ld  b e  d e te c te d  w i th  

c e r ta in ty .  T h e  in te r p o s i t io n  o f t h e  c u rv e d  s u rfa c e  o f th e  

c o n ta in in g  tu b e  b e tw e e n  t h e  p o in te r  a n d  m e a s u r in g  in s t r u 

m e n t  re n d e re d  n e c e s sa ry  t h e  a p p l ic a t io n  o f a n  o p tic a l 

c o rr e c t io n  to  e a c h  re a d in g .

P e r h a p s  b e c a u se  t h e  r e tu r n - s p r in g s  w e re  r a th e r  to o  lig h t, 

t h e  e x te n s o m e te r  c o u ld  n o t  a lw a y s  b e  re lie d  u p o n  w h e n  a  

c h a n g e  o c c u rre d  in  t h e  d ir e c tio n  o f m o v e m e n t (as, fo r  

e x a m p le , w h e n  h e a t in g  a n d  co o lin g  in vacuo). I n  c o n se 

q u e n ce , th e  z e ro -p o in t re a d in g  in  e a c h  e x p e r im e n t w as  

s u b je c t  to  a  g re a te r  e r r o r  t h a n  re a d in g s  t a k e n  w h e n  th e  

p o in te r  w a s  m o v in g  c o n tin u o u s ly  in  th e  d ir e c tio n  of 

e x p a n s io n .

T h is  e r ro r  c o u ld  b e  e s t im a te d  b y  c a r ry in g  o u t  se rie s  of e x p e r im e n ts  u n d e r  

p re c is e ly  re p ro d u c ib le  c o n d itio n s  ; i t  n e v e r  ex ceed s  4 X  1 0 " 3 m m .

G 2

L

P i g . 2.
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T h e  la rg e  d e a d sp a c e  of th e  e x te n s o m e te r  v esse l, a  g r e a t  p o r t io n  o f w h ic h  w a s  

s u b je c t to  th e  f lu c tu a tio n s  of ro o m  te m p e r a tu r e ,  re n d e re d  t h e  a d s o r p t io n  

v a lu e s  fa r  m o re  d iff icu lt to  d e te rm in e  w i th  a c c u ra c y . O n  a c c o u n t  of th e  

n e c e s s ity  fo r  in tr o d u c in g  su ccess iv e  a n d  c a re fu lly  c o n tro l le d  q u a n t i t ie s  o f g a s  

to  th e  c h a rc o a l a  m e th o d  w a s a d o p te d  w h e re b y  th e  g a s  w a s  g e n e ra te d , a s  

re q u ire d , f ro m  so lid  m a te r ia ls  c o n ta in e d  in  a  d e ta c h a b le  w e ig h in g  tu b e .  T h is  

tu b e , o r g e n e ra to r ,  w h ic h  c a r r ie d  a  t a p ,  a n d  in  so m e  c ase s  a lso  a  p h o s p h o ru s  

p e n to x id e  tu b e ,  c o n n e c te d  th r o u g h  a  p u s h - jo in  w i th  a  c a p i l la r y - tu b e  s y s te m , 

f ro m  w h ic h  o th e r  t a p s  led  o n  th e  o n e  s id e  to  th e  s o r p t io n  v e sse l a n d  o n  t h e  

o th e r  to  th e  d r y in g  t r a in  a n d  p u m p s . B e tw e e n  e a c h  su cc e ss iv e  g e n e r a tio n  

of g a s  th e  ta p s  c a r r ie d  b y  th e  w e ig h in g  t u b e  a n d  b y  t h e  e x te n s o m e te r  v e sse l 

w ere  c lo s e d ; d r y  a ir  w as  a d m i t te d  in to  t h e  c o n n e c tin g  c a p i l la r y  a n d  th e  

w e ig h in g  t u b e  d e ta c h e d  a n d  w e ig h ed . T h e  u n a d s o r b e d  re s id u e s  of g a s  in  

th e  e x te n s o m e te r  v e sse l a n d  c a p il la ry  s y s te m  w e re  e s t im a te d  b y  m e a n s  of a  

m e rc u ry  m a n o m e te r  sea le d  to  th e  fo rm e r . T h e  d e a d s p a c e s  w e re  c a l ib r a te d  

w ith  h y d ro g e n , a n  a p p r o p r ia te  c o rre c t io n  b e in g  a p p lie d  fo r  t h e  s o r p t io n  o f th i s  

g a s  b y  th e  c h a rc o a l. A n  e rr o r  in  e s tim a tin g  th i s  c o r r e c t io n  w o u ld  a f fe c t t h e  

5-v a lu e s  v e ry  s lig h tly  in  th e  case  of c a rb o n  d io x id e  a n d  q u i t e  in a p p re c ia b ly  

th o se  of th e  o th e r  g ases .

B e tw e e n  su ccess iv e  e x p e r im e n ts  t h e  e x te n s o m e te r  v e sse l w a s  s u b m i t te d  to  

p ro lo n g ed  v a c u u m -h e a tin g  a t  220° C. in  a n  e le c tr ic a lly  c o n tr o lle d  fu rn a c e .  

T h e  e v a c u a tin g  sy s te m  c o m p rise d  a  c o n d e n s a tio n  p u m p  b a c k e d  b y  a  r o t a to r y  

o il p u m p . U n q u e s tio n a b ly  th e  t r e a tm e n t  d id  n o t  su ffice  t o  re m o v e  th e  l a s t  

tr a c e s  of som e of th e  gases , b u t  th e  p re se n c e  o f th e  e x te n s o m e te r  a n d  th e  la rg e  

v o lu m e  of th e  c o n ta in in g  tu b e  re n d e re d  i t  b o th  d a n g e r o u s  a n d  d if f icu lt to  

s u b m it  th e  c h a rc o a l to  m o re  d ra s tic  t r e a tm e n t .  T h e  m e th o d  o f c o rr e c t in g  

th e  r e s u lts  fo r th e  p re sen ce  of th e s e  sm a ll re s id u e s  is  d e sc r ib e d  in  th e  n e x t  

s ec tio n .

The Charcoal.— A  p iece  of p re -w a r  G e rm a n  w illo w  c h a r c o a l w as  u sed , c u t  

in to  th e  fo rm  of a  ro d  8 X  0*8 X  0 -8  cm . N o  m e a n s  b e in g  a v a il a b le  fo r  i t s  

h ig h - te m p e ra tu re  t r e a tm e n t ,  n o  a t t e m p t  w a s m a d e  t o  r e d u c e  i t s  a s h - c o n te n t  

b y  t r e a tm e n t  w ith  ac id . T h e  a s h -c o n te n t w as  c o m p a r a t iv e ly  low , h o w e v e r , 

b e in g  n o  m o re  t h a n  0 -9  p e r  c e n t. T h e  “  b lo c k  ”  d e n s ity  of t h e  sp e c im e n  w a s 

0 • 30 g ra m s  p e r  c u b ic  c e n t im e tr e .

T h e  e x p e r im e n ta l g ases  w ere  g e n e ra te d  a s  fo llow s :—

Ammonia.— T h e  g as, a f te r  p r e p a ra t io n  a n d  liq u e fa c tio n , w a s  f r a c tio n a lly  

d is ti l le d  o v er  so lid  p o ta s h  a n d  p a s s e d  th r o u g h  p h o s p h o ru s  p e n to x id e  

in to  a  tu b e  c o n ta in in g  c a re fu lly  d r ie d  s ilv e r ch lo r id e . F r o m  th e  l a t t e r

D . H .  B a n g h a m  a n d  N .  F a k h o u r y .
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8 5

i t  w a s  d r iv e n , a s  r e q u ir e d ,  in to  t h e  w e ig h in g  tu b e ,  w h ic h  a lso  c o n ta in e d  

s ilv e r  c h lo r id e . T h e  g a s  so  t r e a t e d  w a s  s u ff ic ie n tly  d r y  t o  p a s s  t h r o u g h  

a  g o o d  p h o s p h o ru s  p e n to x id e  t u b e  w i th o u t  t h e  l a t t e r  b e c o m in g  v is ib ly  

a f fe c te d .

Water Vapour.— F r o m  h y d r a t e d  c o p p e r  s u lp h a te  c o n ta in e d  in  t h e  w e ig h in g  

tu b e .

Carbon Dioxide.— F r o m  s o d iu m  b ic a r b o n a te  a n d  p h o s p h o r u s  p e n to x id e  ; a  

p h o s p h o ru s  p e n to x id e  t u b e  w a s  s e a le d  t o  t h e  w e ig h e d  g e n e r a to r  to  

p r e v e n t  lo ss  o f w a te r .

Sulphur Dioxide.— F r o m  n o r m a l  s o d iu m  s u lp h i te  a n d  p h o s p h o ru s  p e n to x id e  ; 

h e re  a lso  a  p h o s p h o ru s  p e n to x id e  d r y in g  t u b e  w a s  u se d .

i

Summary of Results at Room Temperature.

T h e  r e p r o d u c ib i l i ty  o f t h e  r e s u l t s  w i th  a m m o n ia  a n d  s u lp h u r  d io x id e  w a s  

s l ig h tly  in te r f e r e d  w i th  b y  t h e  p re s e n c e  o f t h e  sm a l l re s id u e s  o f th e s e  g a se s  

w h ic h  re s is te d  r e m o v a l  b y  t h e  n o r m a l  h e a t  t r e a t m e n t .  A n  e x te n d e d  se r ie s  of 

e x p e r im e n ts  c a r r ie d  o u t  w i th  a m m o n ia ,  h o w e v e r ,  c le a r ly  s h o w e d  t h a t  t h e  e ffe c t 

o f th e s e  re s id u e s  w a s  s lig h t ly  t o  d is p la c e  t h e  x, s c u rv e s  p a r a l le l  t o  th e m s e lv e s  ; 

t h e  n e c e s sa ry  z e r o -p o in t c o rr e c t io n s  c o u ld , th e re fo re ,  b e  e s t im a te d  b y  s u p e r 

p o s in g  th e  g ra p h s  o n  th o s e  g iv e n  b y  t h e  u n c o n ta m in a te d  c h a r c o a l.

T h e  m e a s u re m e n ts  w i th  w a te r  v a p o u r  a t  lo w  5 -v a lu e s  sh o w e d  a  c u r io u s  

in c o n s is te n c y  w h ic h  c o u ld  n o t  b e  a s c r ib e d  to  t h e  s a m e  c a u se , s in ce  th e  

i r r e g u la r i ty  d is a p p e a r e d  w h e n  h ig h e r  v a lu e s  w e re  re a c h e d . T h e  r e s u l ts  o f 

s e v e ra l s o rp t io n  e x p e r im e n ts  w i th  th i s  s u b s ta n c e  a re  i l lu s t r a te d  in  fig. 3 b y  

p lo t t in g  x a g a in s t  5/S  — 5. A c c o rd in g  to  t h e  h y p e rb o lic  e q u a t io n ,  th e  r e s u l t  

s h o u ld  b e  a  l in e a r  g r a p h  p a s s in g  th r o u g h  th e  o r ig in  ; s in ce  th e  p r o lo n g a tio n  o f 

th e  lin e  c u ts  t h e  a x is  w e ll  a b o v e  th i s  p o in t ,  w a te r  v a p o u r  m u s t  b e  re g a rd e d  a s  

e x c e p t io n a l, in  t h a t  e v e n  t h e  f ir s t  t r a c e s  c a u se  a  m a r k e d  e x p a n s io n . F u r th e r  

in v e s t ig a t io n  of th i s  in te r e s t in g  re g io n  w a s u n f o r tu n a te ly  im p o ss ib le , o w in g  to  

t h e  v e ry  c o n s id e ra b le  e r ro rs  in v o lv e d  in  e s t im a t in g  sm a ll s o rp t io n  v a lu e s . 

A p a r t  f ro m  th is  i r r e g u la r i ty  th e  5, x r e la tio n s  a p p e a r  n o  d if f e r e n t f ro m  th o s e  o f 

th e  o th e r  g ases , in  s p ite  of th e  n e a r  a p p ro a c h  to  s a tu r a t i o n  c o n d itio n s , a n d  th e  

g e n e ra lly  a n o m a lo u s  b e h a v io u r  o f w a te r  a s  a n  a d s o r b a te .

Sivelling o f Charcoal.
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8 6 D .  H .  B a n g h a m  a n d  N .  F a k h o u r y .

Fig . 3. W a t e r  V a p o u r  a t  2 0 ° .  A b sc is s a e  s/(S  —  s) .  O r d in a t e s ,  x  p e r  c e n t .

T h e  fo llo w in g  ta b le  su m m a rise s  th e  r e s u lt s  o f ty p ic a l  e x p e r im e n ts  w i th  th e  

fo u r  gases, a n d  g ives, fo r c o m p a r iso n , th e  ^ - v a lu e s  c a lc u la te d  f ro m  th e  h y p e r 

b o lic  e q u a tio n s .
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Swelling o f Charcoal. 8 7

T a b le  I I .

s =  s o r p t io n  v a lu e  in  g ra m s  p e r  g r a m  o f c h a rc o a l.  

x — l in e a r  e x p a n s io n  p e r  c e n t ,  a t  ro o m  te m p e r a t u r e  (18° to  20° C .).

Wa t e r .

S  =  0 - 1 5 8  g r am . k =  0 - 1 1 0  p e r  c e n t .

s. 5 /S .
X

o b s .

X
c a l c .

D i f f .

X lO 3.

0 - 0 0 8 1 0 - 0 5 1 0 - 0 1 8 0 - 0 0 4 1 4

0 - 0 2 5 1 0 - 1 5 8 0 - 0 3 5 0 - 0 2 1 1 4

0 - 0 4 8 4 0 - 3 0 6 0 - 0 5 8 0 - 0 4 8 1 0

0 - 0 6 8 0 0 - 4 3 0 0 - 0 9 4 0 - 0 8 2 12

0 - 0 7 7 8 0 - 4 9 2 0 - 1 2 2 0 - 1 0 6 1 6

0 - 0 9 0 6 0 - 5 7 3 0 - 1 7 0 0 - 1 4 8 2 2

0 - 1 0 6 6 0 - 6 7 4 0 - 2 3 8 0 - 2 2 8 1 0

Ammo n ia .

S  =  0 - 1 1 2  g r am , k — 0 - 2 5 2  p e r  c e n t .

s.

0 - 0 0 9 9

0 - 0 1 6 5

0 - 0 2 2 7

0 - 0 3 7 8

0 - 0 4 5 5

0 - 0 5 1 2

0 - 0 6 1 1

0 - 0 6 5 3

0 - 0 7 0 6

5 /S .

0 - 0 8 9

0 - 1 4 8

0 - 2 0 2

0 - 3 3 7

0 - 4 0 6

0 - 4 5 8

0 - 5 4 6

0 - 5 8 3

0 - 6 3 1

x
o b s .

0 - 0 2 6

0 - 0 4 2

0 - 0 6 4

0 - 1 2 8

0 - 1 7 1

0 - 2 1 2

0 - 3 0 3

0 - 3 5 4

0 - 4 2 7

x
c a lc .

0 - 0 2 5

0 - 0 4 4

0 - 0 6 4

0 - 1 2 8

0 - 1 7 2

0 - 2 1 2

0 - 3 0 3

0 - 3 5 3

0 - 4 2 8

Ca r b o n  D i o x i d e .

S  =  0 - 1 3 9  g r am ,  k =  0 - 1 4 3  p e r  c e n t .

5 . 5 / S .
X

o b s .

X
c a lc .

0 - 0 1 3 6 0 - 0 9 8 0 - 0 1 6 0 - 0 1 5

0 - 0 2 9 4 0 - 2 1 3 0 - 0 3 8 0 - 0 3 8

0 - 0 5 0 6 0 - 3 6 4 0 - 0 8 1 0 - 0 8 1

0 - 0 5 8 2 0 - 4 1 9 0 - 1 0 2 0 - 1 0 3

0 - 0 6 4 7 0 - 4 6 5 0 - 1 2 3 0 - 1 2 4

0 - 0 6 7 6 0 - 4 8 6 0 - 1 3 7 0 - 1 3 5

0 - 0 7 2 9 0 - 5 2 4 0 - 1 5 8 0 - 1 5 7

Su l ph u r  D i o x i d e .

S  =  0 - 2 1 0  g r am , k — 0 - 1 7 0 5  p e r c e n t .

s. 5 / S .
X

o b s .

X
c a lc .

0 - 0 2 2 1 0 - 1 0 5 0 - 0 2 3 0 - 0 2 0

0 - 0 5 0 1 0 - 2 3 9 0 - 0 5 2 0 - 0 5 3

0 - 0 7 7 7 0 - 3 7 1 0 - 0 9 6 0 - 1 0 1

0 - 1 0 2 1 0 - 4 8 6 0 - 1 6 2 0 - 1 6 2

0 - 1 3 7 7 0 - 6 5 6 0 - 3 2 9 0 - 3 2 7

0 - 1 4 2 4 0 - 6 7 9 0 - 3 6 1 0 - 3 6 1

0 - 1 4 8 6 0 * 7 0 8 0 - 4 1 4 0 - 4 1 4

0 - 1 5 2 2 0 - 7 2 4 0 - 4 4 8 0 - 4 4 7

0 - 1 5 3 2 0 - 7 3 0 0 - 4 6 1 0 - 4 6 1

Discussion.

C o n sid e re d  in  c o n ju n c t io n  w i th  t h e  e s s e n tia lly  a n is o t ro p ic  m a c r o - s tr u c tu re  

of c h a rc o a l, t h e  o b s e r v a tio n  o f M ee h a n  t h a t  t h e  e x p a n s io n  a c c o m p a n y in g  

a d s o r p t io n  is e q u a l  in  a ll d ire c tio n s  p ro v id e s  su ffic ien t e v id e n c e  t h a t  a d so rp tio n  

is a  p ro c e ss  a f fe c tin g  th e  fine  in te r n a l  s t r u c tu r e  o f th e  w a lls  of th e  m a cro p o re s , 

a n d  n o t  o n e  c o n c e rn e d  m e re ly  w i th  th e i r  free  su rfa ce s . T h e  e ffec t o f th e  m a c r o 

p o re s  is  th u s  to  m a g n ify  th e  o b se rv e d  e x p a n s io n  of a  g iv e n  w e ig h t o f c h a rc o a l 

in  p r o p o r tio n  to  th e  “  b lo c k  ”  v o lu m e .

O f r e c e n t y e a r s  m u c h  e v id e n c e  h a s  a c c u m u la te d  w h ic h  su g g e s ts  t h a t  m o lecu les  

a d s o r b e d  o n  so lid s  h a v e , in  m a n y  cases, f re e d o m  of m o v e m e n t in  d ire c tio n s
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8 8

p a ra lle l  to  th e  su rfa ce .*  W h e re  th e  su rfa c e  is p la n e  o r  c o n v e x , th i s  c o u ld  

h a rd ly  g ive  ris e  to  a n y  d is te n d in g  e ffec t, b u t  i t  m ig h t  w e ll b e  t h a t  in  th e  case  

of su ch  a  f in e -s tru c tu re d  so lid  a s  c h a rc o a l th e  a d so rb e d  film  e x e r ts  a  w e d g e 

lik e  a c tio n  re su ltin g  f ro m  m o le c u la r  b o m b a rd m e n t  t a k in g  p la c e  a t  sh a r p  

r e - e n t r a n t  a ng les  in  th e  su rfa ce . -

W ith  th e  rise  o f c o n c e n tr a tio n  a t  th e  free  su rfa c e  of th e  c h a rc o a l th e r e  w o u ld  

b e  a  m o re  t h a n  p ro p o r tio n a te  in c re a se  in  th e  su rfa c e  p re s su re , a s  t h e  in c o m 

p re ss ib le  ”  v o lu m e  a s so c ia te d  w ith  th e  m o le c u le s  a p p ro a c h e s  m o re  a n d  m o re  

c lo se ly  th e  to t a l  sp ac e  a v a ila b le  fo r  th e  a d so rb e d  phase.*j*

T h e  lim itin g  s o rp tio n  v a lu e s  S a re  to  b e  d is tin g u is h e d  f ro m  th e  s a tu r a t io n  

v a lu e s  fo u n d  b y  d ire c t m e a s u r e m e n t o f th e  a d s o r p t io n  in  c o n ta c t  w i th  s a tu r a te d  

v a p o u rs . F u r th e r  e x p e r im e n ts  w i th  w a te r  v a p o u r  h a v e  in d ic a te d  t h a t  th e  

c o n d itio n  of s a tu r a t io n  is re a c h e d  w i th o u t  s e r io u s  d e p a r tu r e  f ro m  th e  h y p e r 

b o lic  re la tio n sh ip . T h a t  th e  S -v a lu e s  of th e  fo u r  s u b s ta n c e s  e x a m in e d  r e p r e s e n t  

n e a r ly  e q u a l  v o lu m e s  o f th e  n o rm a l l iq u id s  a p p e a r s  to  s ig n ify  t h a t  th e  t o t a l  

sp ace  a v a ila b le  fo r th e  a d so rb e d  p h a se  (w h ich , a s  s a tu r a t i o n  is a p p ro a c h e d , 

m u s t  a p p ro x im a te  m o re  c lo se ly  to  th e  n o rm a l l iq u id  c o n d itio n )  is n e a r ly  e q u a l  

in  a ll fo u r  cases. I t  do es  n o t,  h o w e v e r , fo llo w  t h a t  t h e  film s a re  a ll  o f e q u a l 

th ic k n e ss , fo r p o s sib ly  th e i r  a re a  is c o n s id e ra b ly  g r e a te r  in  th e  case  of su b s ta n c e s  

w h ich  h a v e  sm a lle r  m o lecu les .

The Effect of Temperature : Experiments with Ammonia.

S ince  th e  e x p e r im e n ta l te m p e ra tu re ,  th o u g h  n e a r ly  c o n s ta n t  in  a n y  o n e  

e x p e r im e n t, v a r ie d  so m e w h a t f ro m  o n e  r u n  t o  a n o th e r ,  i t  w a s  o f so m e  im p o r 

ta n c e  to  d e te rm in e  th e  in flu en ce  of th i s  f a c to r  o n  th e  e x p a n s io n  m e a s u re m e n ts .  

F o u r  e x p e r im e n ts  w e re  c a r r ie d  o u t  w i th  a m m o n ia , c o v e r in g  th e  ra n g e  f ro m  0° 

to  75° C. I t  w as  fo u n d  t h a t  fo r a n y  g iv e n  v a lu e  of s t h e  c o rre sp o n d in g  x w a s  

s lig h tly  g re a te r  a t  h ig h e r  te m p e ra tu re s . So sm a ll w as  th e  v a r ia tio n ,  h o w e v e r,

* S e e ,  f o r  e x a m p le ,  V o lm e r  a n d  A d h ik a r i ,  ‘ Z . P h y s i k , ’ v o l .  3 5 ,  p .  1 7 0  ( 1 9 2 5 ) ;  V o lm e r ,  

‘ Z . P h y s i k a l  C h e m . , ’ v o l .  1 1 5 , p .  2 5 5  ( 1 9 2 5 ) ;  F r e n k e l ,  ibid., v o l .  3 3 ,  p .  3 6 6  ( 1 9 2 5 ) ;  ‘ C h em .  

S o c . A n n u a l  R e p o r t s , ’ v o l .  2 5 ,  p .  3 5 0  ( 1 9 2 8 ) ,  w h e r e  f u r th e r  r e f e r e n c e s  a r e  g i v e n .

t  S c h o f i e ld  a n d  R id e a l ,  ‘ P r o c .  R o y .  S o c . , ’ A ,  v o l .  1 0 9 ,  p .  5 7  ( 1 9 2 5 ) ,  p r o p o s e ,  a s  t h e  

e q u a t i o n  o f  s t a t e  o f  m o le c u le s  a d s o r b e d  a t  t h e  s u r f a c e s  o f  s o lu t i o n s ,  a n  e q u a t i o n

F ( I  — b )  =  i R T ,

w h e r e  F  i s  t h e  s u r f a c e  p r e s s u r e ,  V t h e  ( e x c e s s )  s u r f a c e  c o n c e n t r a t io n ,  B  a  c o n s t a n t  s t a n d in g  

fo r  t h e  s m a l l e s t  a r e a  t h e  (g r a m )  m o le c u l e  c a n  o c c u p y ,  a n d  i a  c o n s t a n t  d e p e n d in g  o n  t h e  

l a t e r a l  c o h e s io n  b e tw e e n  m o le c u le s .  T h e  s im i l a r i t y  o f  f o rm  b e tw e e n  t h i s  a n d  t h e  e m p ir i c a l  

e q u a t i o n  f o r  t h e  e x p a n s i o n  i s  p r o b a b ly  n o t  w i t h o u t  s ig n i f i c a n c e .

D . H .  B a n g h a m  a n d  N .  F a k h o u r y .
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Stvelling o f Charcoal. 8 9

t h a t  th e s e  e x p e r im e n ts  y ie ld e d  n o  in d ic a t io n  a s  t o  w h e th e r  th e  te m p e r a t u r e  

c h a n g e s  h a d  in f lu e n c e  o n  o n e  o r  o n  b o th  o f t h e  c o n s ta n t s  k a n d  S. I f  S b e  

s u p p o s e d  c o n s ta n t  ( a n  a s s u m p t io n  w h ic h  f in d s  so m e  s u p p o r t  f r o m  c o n s id e ra 

t io n s  d e a l t  w i th  in  t h e  l a s t  s e c tio n ) , k is  fo u n d  t o  v a r y  r o u g h ly  in  p r o p o r t io n  

t o  t h e  a b s o lu te  t e m p e r a tu r e ,  t a k in g  t h e  fo llo w in g  v a lu e s  a t  t h e  te m p e r a tu r e s

s t a t e d  :—

T  (° a b s o l u t e ) .... . .. . .. . .. .  2 7 3  293  321 348

k (p e r  c e n t. )  . .. .. .. .. .. .. .  0 -2 3 1  0 -2 5 2  0 -2 6 6  0 -3 0 6

I t  s h o u ld  b e  r e m a rk e d , h o w e v e r ,  t h a t  n o  h ig h  d e g re e  o f a c c u r a c y  is c la im e d  

fo r  th e s e  m e a s u re m e n ts , w h ic h  a im e d  p r im a r i ly  a t  a s se s s in g  t h e  e r r o rs  in t r o d u c e d  

in to  th e  e x p e r im e n ts  p re v io u s ly  d e sc r ib e d  b y  t h e  f lu c tu a t io n s  o f ro o m  te m p e r a 

tu r e .

W e  a re  in d e b te d  t o  D r .  S t r a d l in g  a n d  D r . M e e h a n  fo r  d e ta i l s  o f t h e  e x te n s o -  

m e te r s  u s e d  b y  t h e m  a t  t h e  B u ild in g  R e s e a r c h  L a b o r a to r ie s ,  a n d  a lso  fo r  

a d d in g  to  o u r  s to c k  o f c h a r c o a l s u i ta b le  fo r  e x te n s o m e tr ic  e x p e r im e n ts .

Summary.

A n  a p p a r a tu s  is  d e sc r ib e d  b y  w h ic h  t h e  lin e a r  e x p a n s io n  o f a  c h a r c o a l ro d  

c a n  b e  m e a s u re d  s im u l ta n e o u s ly  w i th  t h e  q u a n t i t y  o f a d s o r b e d  g a s  c a u s in g  

i t .  T h e  e x p a n s io n  (x) is  fo u n d  to  b e  r e la te d  t o  t h e  a d s o r p t io n  v a lu e  (5) b y  

e q u a tio n s  of th e  ty p e

w h e re  k a n d  S a re  c o n s ta n ts .  T h e  v a lu e s  of th e  l a t t e r  c o n s ta n t  fo r  th e  fo u r  

g a se s  e x a m in e d  r e p r e s e n t  n e a r ly  e q u a l  v o lu m e s  o f th e  n o rm a l l iq u id s  a t  th e  

e x p e r im e n ta l te m p e r a tu r e .  T h e  h y p o th e s is  is  a d v a n c e d  t h a t  th e  e x p a n s io n  

r e s u l ts  f ro m  th e  p r e s su re  e x e r te d  b y  th e  a d s o r b e d  m o le cu les  a t  s h a r p  r e - e n t r a n t  

a n g les  in  th e  su rfa c e  of th e  a d s o r b e n t .  T h e  e x p a n s io n  c a u s e d  b y  th e  a d s o r p tio n  

o f a  g iv e n  q u a n t i t y  of g a s  in c re a se s  w i th  th e  te m p e r a tu r e . D
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