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VAPOR PHASE EXTRACTION - A NEW PURIFICATION METHOD' 

Sidney G. Gibbins 

Vic tor ia ,  B r i t i s h  Columbia, Canada. 
Department of Chemistry, University of V ic to r i a  

The primary OBJECTIVE of t h i s  procedure is  the p u r i f i c a t i o n  

of a non-volati le compound which is  the  least  so lub le  component 

of a mixture when d isso lved  i n  a so lvent .  

possesses appreciable s o l u b i l i t y  and cannot be f r eed  of  the  

contaminants by f i l t r a t i o n  and washing. 

on two pr inc ip l e s :  

components i s  s a t u r a t e d  i n  these components; the  d r iv ing  fo rce  

f o r  the  spontaneous add i t ion  of  t h e  so lven t  t o  the  mixture i s  

determined by the d i f f e rence  i n  vapor pressure  of the  pure so lven t  

and the s o l u t i o n  formed. An advantage o f  the  technique and the  

apparatus is  t h a t  t he  optimum sepa ra t ion  conditions may be 

determined without going beyond a po in t  of no r e tu rn .  Furthermore, 

as the  system is  closed, t he re  is no p o s s i b i l i t y  of product l o s s  

due t o  manipulation o r  r e a c t i v i t y  with air, water, etc. 

The compound i tself  

The procedure is  based 

the  so lven t  used to  e x t r a c t  the more so lub le  

The observa t ion  leading  to  the  development of the  vapor 

phase e x t r a c t i o n  method occurred i n  the study o f  t he  r eac t ion  of  

an e t h e r e a l  so lu t ion  of i r o n ( I I 1 )  ch lor ide  with phenyl Grignard 
2 under an atmosphere of  hydrogen . When the experimental con- 

d i t i o n s  were such t h a t  two l i q u i d  phases were present  at  the end 

of t he  r eac t ion ,  t he  less dense phase w a s  decanted from the  

heavier  black o i l  . The black o i l ,  a f t e r  repeated washing wi th  

d i e thy l  e t h e r ,  s o l i d i f i e d  t o  a black s o l i d  which "dissolved" i n  

tetrahydrofuran (THF) y i e ld ing  an inky black so lu t ion .  Af t e r  
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GIBBINS 

p a r t  of the  s o l u t i o n  sp lashed  on the  upper w a l l s  o f  t he  evacuated 

conta iner  and the l i q u i d  drained away, a black s o l i d  depos i t  

remained. Overnight, so lven t  vapor apparently condensed on the  

residue and washed away a l l  components except an adherant yellow 

c r y s t a l l i n e  s o l i d  which remained on the upper wal l s .  

of t h i s  observation, the vapor phase ex t r ac t ion  method w a s  

developed. Assuming t h a t  the e f f ec t iveness  of ex t r ac t ion  measured 

i n  terms of both r a t e  and degree w a s  dependent on an ample source 

of so lven t  vapor and the t h i n  l a y e r  spreading of  the impure s o l i d ,  

the following primary requirements of e x t r a c t o r  design should be 

s a t i s f i e d :  t he re  should be a l a r g e  volume f o r  so lvent  vapor along 

wi th  a l a r g e  su r face  f o r  s o l i d  deposit ion; the l i q u i d  so lvent  

should e i t h e r  be c lose  t o  the s o l i d  o r  e l s e  a l a r g e  o r i f i c e  should 

connect the r e se rvo i r  containing the so lven t  wi th  t h a t  conta in ing  

the s o l i d  to  be ex t r ac t ed .  

The apparatus,  Figure 1, is comprised of two 500-ml round 

A s  a r e s u l t  

bottom f l a s k s  whose necks are ben t  and sea led  a t  7. Length 

, 5 c m  , 

FIGURE 1 
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VAPOR PHASE EXTRACTION 

dimensions o f  tub ing ,  1 2  t o  1 4  nun o .d . ,  are a convenient  minimum. 

F r a g i l e  bulb break seals are used r a t h e r  than t h e  hook type.  

Accidenta l  breakage o f  t h e  seals i s  avoided by s e a l i n g  t h e  tops  

c l o s e d  when n o t  i n  use . Although only  two such seals are 

requi red ,  several a d d i t i o n a l  ones are p r e s e n t  f o r  e i t h e r  a d d i t i o n a l  

e x t r a c t i o n s  or  u n a n t i c i p a t e d  needs.  A l l  o p e r a t i o n s  are c a r r i e d  

o u t  w i t h  the  major p lane  o f  t h e  e x t r a c t o r  i n  the  ver t ical  o r i e n -  

t a t i o n .  This plane  i s  determined by t h e  c e n t e r s  o f  t h e  two b u l b s  

and tube 7 .  The e x t r a c t o r  i s  r o t a t e d  about  a h o r i z o n t a l  a x i s  

p e r p e n d i c u l a r  t o  t h i s  p l a n e .  

4 

O r i g i n a l l y  t h e  appara tus  w a s  designed f o r  t h e  use o f  

extremely a i r  and water s e n s i t i v e  s o l i d s .  A s  t h e  method employed 

o r g a n i c  s o l v e n t s  i n  an evacuated vessel f o r  extended p e r i o d s ,  i t  

was e s s e n t i a l  t h a t  t h e  appara tus  be a l l  g l a s s  and f r e e  of  s t o p -  

cocks and grease .  Alternative des igns  may employ g r e a s e l e s s  

s topcocks i f  a i r  leakage  does n o t  pose a decomposition problem. 

The a d d i t i o n  t o  and t h e  removal from the  a p p a r a t u s  of  

materials i s  s t r a i g h t  forward i f  they are n o t  a i r  o r  water 
s e n s i t i v e .  I f  such s e n s i t i v i t y  is t h e  c a s e ,  s p e c i a l  p rocedures  

u t i l i z i n g  t h e  appara tus  i n  Figure 2 are employed. The pr imary 

u n i t  o f  Figure 2 ,  des igna ted  as e i t h e r  t h e  sample i n t r o d u c t i o n  

v e s s e l  o r  the  product  r e c e i v e r ,  is a 100- t o  300-ml round bot tom 

f l a s k .  When used as an i n t r o d u c t i o n  v e s s e l ,  the  i n t r o d u c t i o n  tube 

w a s  s e a l e d  o f f  a t  c o n s t r i c t i o n  2 1  a f t e r  t h e  s e n s i t i v e  sample w a s  

i n i t i a l l y  t r a n s f e r r e d  t o  bulb  26 by a p p r o p r i a t e  means. T r a n s f e r  

of  t h e  s o l u t i o n  i n  bulb  26 t o  t h e  vapor  phase e x t r a c t o r  i s  

accomplished i n  t h e  fo l lowing  manner. The e x t r a c t o r  i s  clamped 

a t  7 by a l a r g e  type 3-f inger  clamp t o  a v e r t i c a l  $-inch s u p p o r t  

rod which is i t s e l f  clamped t o  a permanent v e r t i c a l  l a t t i c e  by 

means o f  t w o  h o r i z o n t a l  rods .  The sample i n t r o d u c t i o n  v e s s e l  i s  

clamped a t  25 i n  an i n v e r t e d  p o s i t i o n  t o  the  s u p p o r t  rod  and t h e  

f r a g i l e  bu lb  break seal  22 i s  s e a l e d  o n t o  t h e  e x t r a c t i o n  appara tus  

a t  1 by t h e  usua l  g l a s s  blowing techniques.  The a p p a r a t u s ,  
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25 

I 26 

FIGURE 2 

connected t o  a high vacuum system by the inne r  s tandard  taper  

j o i n t  3, is pumped down to  Torr and flamed out  t o  remove the  

last t r aces  of adsorbed water. J o i n t  3 does no t  l i e  i n  the major 

apparatus plane.  I f  add i t iona l  so lven t  i s  requi red ,  i t  is d i s -  

t i l l e d  from the vacuum l i n e ,  where i t  is s to red ,  t o  bulb 10 where 

i t  i s  condensed by a cold ba th .  
5 should be considered . With the so lven t  condensed i n  10 cooled 

below a temperature a t  which i t  has a s i g n i f i c a n t  vapor p re s su re ,  

the evacuation tube is sea led  o f f  a t  cons t r i c t ion  4 .  The 

apparatus is ro t a t ed  180° o r  i f  t he re  is a so lvent  i n  10, t o  an 

ex ten t  t ha t  i t  i s  no t  decanted i n t o  tube 1. With the appara tus  

i n  the  inve r t ed  v e r t i c a l  pos i t i on ,  the f r a g i l e  bulb break s e a l  23 

on the sample in t roduct ion  vesse l  i s  broken by the  Teflon (DuPont) 

coated b a r  magnet 2. A t  a l l  o the r  times, the b a r  magnet i s  

a r r e s t e d  by an ex te rna l ly  taped magnet. Af te r  r o t a t i o n  of  the 

apparatus 180° back to i t s  o r i g i n a l  o r i e n t a t i o n ,  the bulk of the  

so lu t ion  flows i n t o  the ex t r ac to r .  Quant i ta t ive  t r a n s f e r  t o  the 

The need f o r  exclusion of  mercury 
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VAPOR PHASE EXTRACTION 

e x t r a c t o r  of  the s o l u t i o n  trapped i n  26 and a l s o  t h a t  which wets 

the ves se l  w a l l s  i s  accomplished by condensation of  the  so lven t  

with dry i c e  touching the w a l l s ,  coupled with appropr ia te  hand 

manipulation of the support  rod. Cons t r ic t ion  6 i s  washed f r e e  

of s o l u t e ,  the so lu t ion  i n  10 i s  cooled, and the  sample in t roduc-  

t i on  vesse l  i s  sea l ed  o f f  the e x t r a c t o r  a t  6 .  The e x t r a c t o r  i s  

now e a s i l y  hand manipulated. When requi red ,  i t  i s  clamped to  a 

f ixed  l a t t i c e  by a s i n g l e  3-finger clamp a t  7.  

The f i r s t  s t e p  i n  the  e x t r a c t i o n  process r equ i r e s  t h a t  a l l  

the s o l u t i o n  be p re sen t  i n  bulb 10. 

decantation and washing of the ves se l  wa l l s  i n ,  f o r  example, bulb 

16 by so lvent  condensation with dry i c e .  The e x t r a c t o r  i s  then 

o r i en ted  s o  t h a t  the  l i n e  j o i n i n g  the centers  o f  bulbs 10 and 16 

i s  approximately 600 from the ho r i zon ta l  with bulb 16 t h e  more 

e leva ted .  The so lven t ,  a t  a r a t e  commensurate wi th  the  absence 

of  s p l a t t e r i n g ,  i s  condensed i n  bulb 16 by a co ld  ba th .  On com- 

p l e t i o n  of so lvent  d i s t i l l a t i o n ,  a s o l i d  adherant l a y e r  11 remains 

a t  the "bottom" of  bulb 10. The apparatus i s  now r o t a t e d  clockwise 

u n t i l  bulb 16 i s  almost d i r e c t l y  below 10 .  Some so lven t  from 16 

is  condensed i n  the  bottom of bulb 10 i n  a pool 12 which i s  

r e t a ined  by l i p  13. 

This i s  accomplished by 

The spontaneous ex t r ac t ion  process occurs with the  e n t i r e  

apparatus a t  the same temperature. While room temperature i s  the 

most convenient, e leva ted  temperatures could be used f o r  high 

b o i l i n g  so lvents  t o  has ten  the  process,  although l o s s  of the  least  

so lub le  component i n t o  the e x t r a c t  s o l u t i o n  w i l l  probably increase .  

The e x t r a c t i o n  process involves condensation of the so lven t  vapor 

on the  s o l i d  l aye r  11. The so lu t ion ,  presumably s a t u r a t e d ,  then 

dra ins  down to  pool 1 2 .  The process proceeds spontaneously u n t i l  

e i t h e r  the  more so lub le  components a r e  washed away o r  t h a t  which 

remains i s  occluded by the l e a s t  so lub le  component. This process 

takes a t  l e a s t  s e v e r a l  days. On termination of the primary 

ex t r ac t ion ,  the e x t r a c t  so lu t ion  i n  pool 1 2  i s  decanted i n t o  bulb 
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GIBBINS 

16 and region 12 is washed f r e e  of the s o l u t e  by so lven t  condensa- 

t i on  followed by decantation. The secondary ex t r ac t ion ,  t h a t  is 

removal of the  occluded more so lub le  components, is achieved a f t e r  

the s o l i d  i n  bulb 10 is r e d i s t r i b u t e d  on the ves se l  wal l  by 

r e p e t i t i o n  of the solution-evaporation process.  

On completion of the e x t r a c t i o n  process and thorough washing 

of  the region 12 and the connecting tube t o  bulb 16, a l l  the 

e x t r a c t  so lu t ion  i s  co l l ec t ed  i n  bulb 16. An i nve r t ed  product 

r ece ive r ,  Figure 2, su i t ab ly  supported by the aluminum rod-clamp 

method c i t e d  previously,  is sea led  onto the  e x t r a c t o r  f r a g i l e  bulb 

break s e a l  14. To l a t e r  f a c i l i t a t e  so lven t  d i s t i l l a t i o n  and avoid 

so lu t ion  t r a n s f e r  from the product r ece ive r ,  the tube jo in ing  14 

t o  21 is bent  about 15O i n  a gen t l e  curve of 15 t o  20 cm rad ius .  

The bend l ies i n  the major apparatus plane and is or i en ted  away 

from the  ad jacent  f r a g i l e  bulb break s e a l .  Methods and conditions 

of e x t r a c t  removal are s i m i l a r  t o  the  sample in t roduc t ion  opera- 

t i ons .  Torr and 

flamed out.  J o i n t  19 i s  sea l ed  o f f  a t  the  cons t r i c t ion  20, the 

f r a g i l e  bulb break s e a l  14 is opened by magnet 18, and the  e x t r a c t  

so lu t ion  is poured i n t o  r ece ive r  26 by r o t a t i o n  of the appara tus .  

Bulb 16 is washed f r e e  of a l l  e x t r a c t  by so lven t  condensation and 

decantation. The apparatus i s  then o r i en ted  s o  t h a t  the  so lven t  

i n  26 can be condensed and r e t a ined  i n  bulb 16. It is  e s s e n t i a l  

t h a t  no e x t r a c t  so lu t ion  flow back i n t o  16 a t  t h i s  s t age .  Af t e r  

the so lven t  is d i s t i l l e d  back i n t o  16, cons t r i c t ions  15 and 21 

a r e  sea l ed  o f f .  The ex t r ac t ed  s o l i d  i n  bulb 10 is t r ans fe r r ed  to  

a r ece ive r  i n  l i k e  manner. This order  of product t r a n s f e r  

minimizes the  p o s s i b i l i t y  of  acc iden ta l  recontamination of the 

p u r f r i e d  product i n  bulb 10 .  

The r ece ive r  v i a  j o i n t  19 is evacuated t o  

The modified e x t r a c t o r  shown i n  Figure 3 is usefu l  f o r  

optimization of the so lvent  volume. The e x t r a c t o r  r ece ive r  bulb 

is now a 50-ml ca l ib ra t ed  cen t r i fuge  tube 32 and the two "bulbs" 

29 and 32 are phys ica l ly  separa ted  by use of an inve r t ed  Stock 
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VAPOR PHASE EXTRACTION 

5 
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II 

d 

F 
2 7  

FIGURE 3 

ha l f  valve 31 which i s  r ead i ly  manipulated o r  a r r e s t e d  i n  the  

open pos i t i on  by an ex te rna l  magnet . With t h i s  apparatus,  

so lvent  q u a n t i t i e s  a re  both more e a s i l y  cont ro l led  and var ied .  

On termination of the preliminary ex t r ac t ion  i n  bulb 29, the 

so lu t ion  is decanted i n t o  32, new so lvent  i s  condensed i n  29, and 

an add i t iona l  ex t r ac t ion  i s  ca r r i ed  ou t .  Sui tab le  manipulations 

a re  accomplished by ro t a t ion  about a ho r i zon ta l  ax is ,  both pa ra l -  

l e l  to  and perpendicular t o  the major apparatus plane. Reservoir 

27 holds the contents of 32 when the apparatus i s  inver ted .  The 

s o l i d  i s  i n i t i a l l y  deposited i n  region 28  and the so lvent  e x t r a c t  

pool c o l l e c t s  i n  region 30. 
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GIBBINS 

A more v e r s a t i l e  appara tus  w a s  designed and u t i l i z e d  f o r  

the a p p l i c a t i o n  o f  t h e  complimentary p u r i f i c a t i o n  methods of  vapor 

phase e x t r a c t i o n  and f i l t r a t i o n .  

became apparent  when the hydr ide  r e a c t i o n  products  r e s u l t e d  i n  

one l i q u i d  phase r a t h e r  than two . The v a s t  q u a n t i t i e s  of  con- 

taminates  removed by e x t r a c t i o n  w i t h  d i e t h y l  e t h e r  i n  t h e  two 

phase case could n o t  be removed i n  the  one phase case p r i o r  to  

vapor phase e x t r a c t i o n .  

The need f o r  t h e  appara tus  

3 

The b a s i c  u n i t  o f  t h e  appara tus  comprises of  t h r e e  500-ml 

round bottom f l a s k s  whose necks are bent  and s e a l e d  t o  g l a s s  

tub ing  i n  t h e  manner shown i n  Figure 4 ,  a s i d e  v i e w ,  and Figure 5 ,  

a top view. Liquid f r a c t i o n s  are t r a n s f e r r e d  by r o t a t i o n  o f  t h e  

apparatus  about  a h o r i z o n t a l  axis perpendicular  t o  t h e  p lane  

def ined  by t h e  c e n t e r  of  the  connect ing tube and the  c e n t e r s  o f  

the two bulbs  involved i n  the t r a n s f e r .  If convenient ,  l i q u i d  

5 c m  , 

FIGURE 4 
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VAPOR PHASE EXTRACTION 

should  n o t  be  i n  the t h i r d  bulb  because o f  a c c i d e n t a l  t r a n s f e r  

t o  t h e  lowes t  bulb.  A coarse  s i n t e r e d  d i s k  36, 25 mrn 0.d. , 
p o s i t i o n e d  as c l o s e  t o  bulb  1 0  as p o s s i b l e ,  i s  used f o r  t h e  

secondary g b j e c t i v e  of  p u r i f i c a t i o n  by f i l t r a t i o n .  A s  compromise 

i s  inevi table  i n  t h e  des ign  o f  t h i s  m u l t i f u n c t i o n a l  appara tus ,  i t  

i s  n o t  in tended  t o  r e p l a c e  t h e  s u p e r i o r  f i l t r a t i o n  appara tuses  
7 9 8  p r e v i o u s l y  d e s c r i b e d  . 

The t r a n s f e r  of  samples and s o l v e n t s  t o  and from t h e  3-bulb 

appara tus  r e q u i r e s  t h a t  i t  be  clamped at  7 t o  a p r i n c i p a l  s u p p o r t  

rod 37. When the  rod  is vert ical  and t h e  major appara tus  p l a n e  

( d e f i n e d  by t h e  centers o f  t h e  three b u l b s )  i s  h o r i z o n t a l ,  a 

torque i s  produced which tends  t o  twist the  appara tus  toward t h e  

ver t ical  p o s i t i o n .  The h o r i z o n t a l  p o s i t i o n  i s  s t a b i l i z e d  by use 

of  a second t h r e e  f i n g e r  clamp a t  33, Figure  5. This  clamp is  

f a s t e n e d  t o  t h e  v e r t i c a l  s e c t i o n  o f  a b a r  41  which i s  b e n t  i n  t h e  

FIGURE 5 
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G I B B I N S  

shape o f  the  l e t t e r  U and o r i e n t e d  so  t h a t  the  two p a r a l l e l  a m  

are h o r i z o n t a l .  The extremities of  t h e  two h o r i z o n t a l  arms are 

secured  t o  t h e  p r i n c i p a l  suppor t  rod 37 by s t a n d a r d  900 clamp 

h o l d e r s  39. The ver t ical  s e c t i o n  o f  t h i s  a u x i l i a r y  rod l ies  

w i t h i n  the  appara tus  per imeter .  The i n t r o d u c t i o n  sample b u l b ,  

F igure  2 ,  i s  clamped over  tube 1 i n  t h e  i n v e r t e d  p o s i t i o n  by a 

t h r e e  f i n g e r  clamp which i s  connected t o  t h e  p r i n c i p a l  s u p p o r t  

rod 37. I n  F igure  5 ,  t h e  r e c t a n g u l a r  s e c t i o n s  38, 39, and 40 are 

in tended  only  t o  symbolize clamp h o l d e r s .  When t h e  appara tus  i s  

not  connected t o  e i t h e r  a sample r e c e i v e r  o r  the  vacuum l i n e  v i a  

the  i n n e r  s t a n d a r d  t a p e r  j o i n t  3, i t  i s  r e a d i l y  hand manipulated.  

The p r i n c i p a l  advantage o f  t h e  3-bulb appara tus  i s  t h a t  

any combination of t h e  vapor  phase e x t r a c t i o n  and t h e  f i l t r a t i o n -  

decanta t ion  p u r i f i c a t i o n  methods may be c a r r i e d  o u t  w i t h o u t  need 

f o r  the i n t e r m e d i a t e  t r a n s f e r  of  a product  t o  a second a p p a r a t u s .  

By e i t h e r  of  these  p u r i f i c a t i o n  methods, t h e  l eas t  s o l u b l e  compon- 

e n t  o f  a mixture  i s  concent ra ted  i n  one bulb  and t h e  more s o l u b l e  

one i n  another .  One o f  t h e  two p u r i f i c a t i o n  methods, u t i l i z i n g  

the  vacant  bu lb ,  i s  then c a r r i e d  o u t  on one o f  t h e  two p r e v i o u s l y  

concent ra ted  f r a c t i o n s .  A f t e r  examinat ion o f  t h e s e  products  t o  

determine t h e  n e c e s s i t y  f o r  Eur ther  p u r i f i c a t i o n ,  the  products  i n  

two o f  t h e  bulbs  are combined. I f  a d d i t i o n a l  p u r i f i c a t i o n  i s  
necessary ,  t h e  process  i s  repea ted  u t i l i z i n g  e i t h e r  method and t h e  

vacant  bulb.  Not o n l y  may t h e  l eas t  s o l u b l e  component o f  a 

mixture  be s e p a r a t e d  from t h e  more s o l u b l e  ones,  b u t  the  converse 

i s  a l s o  p o s s i b l e  when s u i t a b l e  c o n d i t i o n s  p r e v a i l .  I n  t h e  

p u r i f i c a t i o n  techniques o u t l i n e d  subsequent ly  , products  may be 

removed from t h e  c losed  system by the sample withdrawal  technique 

a t  any time. Subsequent ly ,  e i t h e r  t h e  same s o l v e n t  can be  used 

f o r  f u r t h e r  p u r i f i c a t i o n  o f  t h e  remaining mixture  o r  a d i f f e r e n t  

s o l v e n t  can be  added and i ts  s o l u t i o n - e x t r a c t i o n  p r o p e r t i e s  

eva lua ted .  
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VAPOR PHASE EXTRACTION 

When t h e  o b j e c t i v e  i s  t h e  p u r i f i c a t i o n  of t h e  least  b u t  

s t i l l  moderately s o l u b l e  component o f  a mixture ,  a double  vapor  

phase e x t r a c t i o n  process  is used. I n i t i a l l y  t h e  s t a r t i n g  mixture  

which may conta in  s u b s t a n t i a l  amounts (>50%) o f  the  more s o l u b l e  

i m p u r i t i e s  i s  s u b j e c t  t o  vapor  phase e x t r a c t i o n  i n  bulb  10.  A f t e r  

decant ing  the  e x t r a c t  s o l u t i o n  t o  the  i n t e r m e d i a t e  bulb  35, the  

s o l v e n t  i s  evapora ted  and the  r e s i d u e  ( i n  bulb  35) i s  examined 

f o r  t h e  least  s o l u b l e  component i f  i t s  p r o p e r t i e s ,  f o r  example 

c o l o r ,  s o  permi t .  The r e s i d u e  i n  bulb  35 i s  then s u b j e c t e d  t o  

vapor  phase e x t r a c t i o n .  The r e s u l t a n t  e x t r a c t  s o l u t i o n  i s  t r a n s -  

f e r r e d  t o  the  f i n a l  bu lb  16 and t h e  s o l i d  r e s i d u e  i s  r e d i s s o l v e d  

and r e t u r n e d  t o  t h e  i n i t i a l  b u l b  10.  During t h e  second e x t r a c t i o n ,  

t h e r e  may a l s o  be spontaneous e x t r a c t i o n  of  t h e  products  i n  bulb  

10. By c a r e f u l  d e c a n t a t i o n  manipula t ion  t h i s  e x t r a c t  s o l u t i o n  i s  

r e t a i n e d  i n  bulb 10 when the  e x t r a c t  s o l u t i o n  i n  bulb  35 i s  poured 

i n t o  t h e  f i n a l  bu lb  16.  By r e p e t i t i o n  of the  double e x t r a c t i o n  

p r o c e s s ,  t h e  least  s o l u b l e  component is p r o g r e s s i v e l y  p u r i f i e d  

and t h e  l o s s  i n t o  the  e x t r a c t  s o l u t i o n  i s  minimized. Compromise 

between degree of p u r i f i c a t i o n  and product  l o s s  i n t o  t h e  e x t r a c t  

s o l u t i o n  may be i n h e r e n t  i n  the  process .  Loss of  t h e  least 

s o l u b l e  component i n t o  t h e  e x t r a c t  s o l u t i o n  is  r e l a t e d  t o  d u r a t i o n  

of the  o p e r a t i o n  when t h e r e  i s  moderate s o l u b i l i t y .  The two 

s t a g e  vapor  phase e x t r a c t i o n  process  is more s u i t a b l e  f o r  p u r i f i -  

c a t i o n  of  moderately s o l u b l e  compounds whereas the  s i n g l e  s t a g e  

e x t r a c t i o n  i s  s a t i s f a c t o r y  f o r  less s o l u b l e  compounds, 

The 3-bulb appara tus  can be  u t i l i z e d  f o r  the  removal o f  a 

less s o l u b l e  contaminate from a more s o l u b l e  compound. Loss  of 

t h e  l a t t e r  corresponds to i t s  s o l u b i l i t y  i n  about  120% o f  t h e  

s o l v e n t  r e q u i r e d  t o  i n i t i a l l y  produce a s a t u r a t e d  s o l u t i o n  o f  t h e  

c o n t a d n a t e ,  The p u r i f i c a t i o n  process  comprises of  two types of 

o p e r a t i o n  which are des igna ted  as t h e  pr imary s t a g e  A and t h e  

secondary s t a g e  B. I n  s t a g e  A ,  a l l  t h e  products  i n  bulb  10 are 
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GIBBINS 

dissolved. The so lvent  is then evaporated u n t i l  the s o l u t i o n  i s  

almost s a t u r a t e d  in the contaminate. During the process,  the bulk 

of the more so luble  component p r e c i p i t a t e s .  Af t e r  f i l t r a t i o n  of 

t h i s  so lu t ion  i n t o  bulb 16, a f r a c t i o n  of the l i q u o r  containing 

the contaminate w i l l  continue to w e t  the p u r i f i e d  p r e c i p i t a t e  i n  

bulb 10. Stage B comprises of two s o l u t i o n  operations.  Solvent 

i s  condensed i n  bulb 10, the  products a r e  d isso lved ,  and the 

so lvent  evaporated to  the same ex ten t  as i n  s t a g e  A. This so lu t ion  

is decanted t o  bulb 35 and f u r t h e r  concentrated by so lven t  evapor- 

a t i o n  to  20% of the  volume i n i t i a l l y  i n  35. Eighty percent  of the 

more so lub le  compound p r e c i p i t a t e s  and the remaining so lu t ion  i s  

decanted i n t o  bulb 16. The s o l i d  i n  bulb 35 is re-dissolved and 

returned to bulb 10 .  The ob jec t ive  of  the  f i r s t  p a r t  of s tage  B 

i s  maximum removal of the contaminate from bulb 10 which is  

achieved by a r e l a t i v e l y  l a r g e  so lven t  volume. I n  the second 

p a r t ,  maximum recovery of the more so lub le  component is the 

primary objec t ive .  The opera t ions  a r e  based on the assumption 

t h a t  the a m u n t  of wet t ing  l i quor  r e t a ined  on the s o l i d  i n  bulbs 

10 and 35 a f t e r  f i l t r a t ion -decan ta t ion  is propor t iona l  to the 

quant i ty  of the s o l i d .  Each s t age  of the p u r i f i c a t i o n  process 

r e s u l t s  i n  contaminate reduction by approximately an order  of 

magnitude. I f  f u r t h e r  p u r i f i c a t i o n  i s  requi red ,  s t age  B is 

repeated. Stage A is  omitted i f  the  contaminate quan t i ty  produces 

such a small amount of  s a t u r a t e d  so lu t ion  t h a t  a r e l a t i v e l y  l a r g e  

f r a c t i o n  continues t o  wet the s o l i d  a f t e r  f i l t r a t i o n .  

U t i l i z a t i o n  of  the 3-bulb apparatus f o r  vapor phase ex t rac-  

t i on  of l a r g e  q u a n t i t i e s  (>50 g) of i n i t i a l  ma te r i a l  conta in ing  

a l a r g e  f r a c t i o n  of more so lub le  impur i t i e s  may be accomplished 

by a f i r s t  s t age  f i l t r a t i o n  which is intended to  concentrate the 

impur i t ies  i n  so lu t ion .  A second s t age  vapor phase ex t r ac t ion  on 

the  undissolved products remaining i n  the  i n i t i a l  bulb f u r t h e r  

concentrates the least so lub le  compound. 
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VAPOR PHASE EXTRACTION 

Another s u c c e s s f u l l y  used procedure employing any o f  t h e  

t h r e e  appara tuses  i s  a c o l d  temperature  vapor  phase e x t r a c t i o n  

which i s  c a r r i e d  o u t  by d e p o s i t i n g  the  r a w  s o l i d  products  on t h e  

upper p o r t i o n s  of  t h e  v e s s e l  and then p l a c i n g  a p i e c e  o f  dry i ce  

n e x t  t o  t h e  material  t o  be  e x t r a c t e d .  The s o l v e n t  condenses, 

forms a s a t u r a t e d  s o l u t i o n  a t  l o w  temperature  and then d r a i n s  t o  

a pool  a t  t h e  vessel bottom. The i n t e n t  of  c i t i n g  t h e  prev ious  

examples is t o  i n d i c a t e  t h e  v a r i e t y  o f  manipula t ions  p o s s i b l e  

w i t h  the  3-bulb appara tus .  S ince  each experiment  has  i t s  own 

unique problems, no a t tempt  i s  made t o  be  more s p e c i f i c  i n  t h e  

a p p l i c a t i o n  o f  the  appara tus .  

The techniques  were employed i n  t h e  s e p a r a t i o n  o f  t h e  non- 

v o l a t i l e  s o l i d  products  formed by the  r e a c t i o n  o f  i r o n ( I I 1 )  

c h l o r i d e  w i t h  phenyl magnesium bromide under an atmosphere o f  

hydrogen'. 

M) w a s  the  yel low c r y s t a l l i n e  s o l i d  Mg4Br3.4C10.6H6Fe(THF) (YCS) . 
P u r i f i c a t i o n  of  t h e  YCS by the  s i n g l e  s t a g e  vapor  phase e x t r a c t i o n  

method w a s  adequate  when t h e  b u l k  of t h e  contaminates  had been 

removed p r e v i o u s l y  by l i q u i d - l i q u i d  e x t r a c t i o n  wi th  d i e t h y l  e t h e r .  

I n  t h e  absence of  t h e  e t h e r a l  t r e a t m e n t ,  the  p u r i f i c a t i o n  method 

r e q u i r e d  u t i l i z a t i o n  o f  t h e  3-bulb appara tus .  A l l  the  b l a c k  

component and t h e  bulk  o f  t h e  w h i t e  ones were removed by t h e  two 

s t a g e  vapor  phase e x t r a c t i o n  method. The remainder o f  t h e  w h i t e  

contaminates  were removed by the  f i l t r a t i o n  method d i s c u s s e d  i n  

The leas t  s o l u b l e  component i n  t e t r a h y d r o f u r a n  (0.002 

the reference'.  

of  t h e  YCS i n  both THF and d i e t h y l  e t h e r  t h a t  t h e  massive contam- 

i n a t i o n  by t h e  very  s o l u b l e  b l a c k  component could n o t  be  diminished 

by t h e  f i l t r a t i o n  rocess .  The s o l u b l i t y  of  t h e  YCS i n  a s o l u t i o n  

conta in ing  the  con aminate w a s  enhanced by more than an o r d e r  of  

magnitude. A more s o l u b l e  ( r e l a t i v e  t o  t h e  YCS) w h i t e  c r y s t a l l i n e  

s o l i d  w a s  f r e e d  of  the  b l a c k  contaminates  by a combination o f  t h e  

f i l t r a t i o n  and the vapor phase e x t r a c t i o n  processes .  I t  was f r e e d  

I t  w a s  cur ious  t h a t  d e s p i t e  t h e  s l i g h t  s o l u b i l i t y  
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GIBBINS 

o f  t h e  YCS by t h e  f i l t r a t i o n  process .  The l i g h t  d i s p e r s i n g  and 

magnetic p r o p e r t i e s  o f  t h e  b lack  component i n d i c a t e d  t h a t  i t  w a s  

c o l l o i d a l  i r o n .  Despi te  many manipula t ions ,  t h e  c o l l o i d a l  i r o n  

could n o t  be  coagulated and f i l t e r e d  from the  THF. 
I have p r e s e n t e d  h e r e  the  l a b o r a t o r y  observa t ions  l e a d i n g  

t o  t h e  discovery of  t h e  vapor  phase e x t r a c t i o n  method. Much work 

i s  r e q u i r e d  t o  e s t a b l i s h  both  i t s  u t i l i t y  and i t s  l i m i t a t i o n s .  

While i t  i s  n o t  expected t o  be widely a p p l i c a b l e ,  t h e r e  w i l l  arise 

c a s e s  where i t s  a p p l i c a t i o n  i s  c r u c i a l .  As w i t h  t h e  f i l t r a t i o n -  

p r e c i p i t a t i o n  p u r i f i c a t i o n  process ,  vapor  phase e x t r a c t i o n  i s  t o  a 

f i r s t  approximation dependent upon t h e  s o l u b i l i t y  o f  t h e  compounds 

t o  be s e p a r a t e d .  The two p u r i f i c a t i o n  techniques ,  f i l t r a t i o n  and 

vapor  phase e x t r a c t i o n  complement each o t h e r .  F i l t r a t i o n  i s  pre-  

f e r r e d  i f  t h e  product  can be f r e e d  o f  mre s o l u b l e  contaminates  

by washing and i f  t h e  degree of  loss by s o l u t i o n  i s  compatible  

wi th  t h e  exper imenta l  o b j e c t i v e s .  The degree o f  product  l o s s  i s  

a f u n c t i o n  o f  s o l u b i l i t y  and q u a n t i t y  of  both t h e  sought  compound 

and t h e  i m p u r i t i e s  and a l s o  of  t h e  q u a n t i t y  o f  t h e  s o l v e n t .  A s  

t h e  s o l u b i l i t y  o f  t h e  sought  compound i n c r e a s e s ,  f i l t r a t i o n  

becomes less s u i t a b l e .  F i l t r a t i o n  i s  a l s o  u n s u i t a b l e  i f  t h e  

impur i ty  i s  an adherant  o i l  which cannot be washed from t h e  pre-  

c i p i t a t e  wi thout  e x c e s s i v e  p r e c i p i t a t e  s o l u t i o n .  As f i l t r a t i o n  

becomes less s u i t a b l e ,  vapor  phase e x t r a c t i o n  becomes more u s e f u l .  

Vapor phase e x t r a c t i o n  i s  u s e f u l  i n  the  p u r i f i c a t i o n  o f  s l i g h t l y  

t o  moderately s o l u b l e  compounds both  i n  t h e  presence  and absence 

o f  an adherant  contaminat ing o i l .  Vapor phase e x t r a c t i o n  i s  a l s o  

u s e f u l  when the  apparent  s o l u b i l i t y  o f  t h e  sought  compound is  

enhanced by the contaminates .  

Loss o f  the  least  s o l u b l e  component i n t o  t h e  e x t r a c t  

s o l u t i o n ,  rate, and t o  a degree d u r a t i o n  of  t h e  e x t r a c t i o n  p r o c e s s  

i s  a func t ion  of  component s o l u b i l i t y  and vapor p r e s s u r e  d i f f e r -  
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VAPOR PHASE EXTRACTION 

ence between the  bulk s o l u t i o n  i n  bulb 16 ( o r  pool  12)  and t h e  

s o l u t i o n  i n  d i r e c t  c o n t a c t  wi th  t h e  s o l i d  11. S o l u b i l i t y  can be  

c o n t r o l l e d  by s o l v e n t  s e l e c t i o n  and perhaps a j u d i c i o u s  choice o f  

a mixed s o l v e n t .  Rate and process  d u r a t i o n ,  d i r e c t l y  r e l a t e d  t o  

vapor  p r e s s u r e  d i f f e r e n c e s ,  may be r e g u l a t e d  by both temperature  

and t o t a l  s o l v e n t  q u a n t i t y .  I n  t h e  case of  t h e  i r o n  hydr ide  

p u r i f i c a t i o n ,  s o l u t e  c o n c e n t r a t i o n  i n  the  bulk e x t r a c t  s o l u t i o n  

d i d  n o t  r ise t o  the  e x t e n t  t h a t  i t  s i g n i f i c a n t l y  i n h i b i t e d  by 

vapor  p r e s s u r e  lower ing  t h e  spontaneous condensat ion o f  t h e  

s o l v e n t  on t h e  mixture  11. 

i n t o  the  e x t r a c t  s o l u t i o n  was h i g h e s t  i n i t i a l l y .  When the  contam- 

i n a n t s  were removed, t h e r e  appeared t o  be  no f u r t h e r  hydr ide  

s o l u t i o n  o v e r  a p e r i o d  o f  months. Apparently i n  the  i n i t i a l  

s t a g e s ,  the  more s o l u b l e  impur i ty  s o  diminished the  vapor  p r e s s u r e  

of  t h e  s o l v e n t  t h a t  t h e r e  was an a p p r e c i a b l e  ra te  o f  condensat ion 

on the  s o l i d  which r e s u l t e d  i n  s o l u t i o n  of the  hydr ide  as w e l l  as 

the more s o l u b l e  contaminants. When the  contaminants were washed 

away, s o l u t i o n  o f  t h e  pure hydr ide  d i d  n o t  s u f f i c i e n t l y  lower t h e  

vapor  p r e s s u r e  of  t h e  s o l v e n t  t o  permi t  spontaneous condensat ion.  

A l t e r n a t i v e l y ,  the enhanced s o l u b i l i t y  e f f e c t  may have been t h e  

major f a c t o r .  

I t  was observed t h a t  l o s s  o f  hydr ide  

Samples s u b j e c t  t o  vapor  phase e x t r a c t i o n  i n  a 500-ml f l a s k  

should  n o t  exceed about  10 grams. While t h i s  q u a n t i t y  does n o t  

produce a t h i n  l a y e r ,  i f  i t  does n o t  "cake" b u t  r a t h e r  forms a 

somewhat porous mass, complete p u r i f i c a t i o n  i s  f e a s i b l e .  A 

p r i n c i p a l  q u a n t i t y  l i m i t i n g  f a c t o r  i s  determined by t h e  tendency 

o f  t h e  material t o  adhere t o  the  vessel w a l l .  The e f f e c t s  o f  t h e  

secondary problem, occ lus ion ,  can be e l i m i n a t e d  by s e v e r a l  s o l i d  

r e d i s t r i b u t i o n  e x t r a c t i o n s .  A similar appara tus  comprised o f  a 

1- o r  5 - l i t e r  bu lb ,  corresponding t o  bulb 10 h e r e ,  and a 500-ml 

e x t r a c t  receiver bulb 16 ,  could be used f o r  l a r g e r  samples .  
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