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Aqueous solution of phosphoric acid as the stationary liquid phase for 
selective separation of fatty acids under conditions of steam chromatography 
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An aqueous solution of phosphoric acid was used as a selective stationary liquid phase for 
the separation of volatile fatty acids under conditions of steam chromatography. Organic 
acids C2--C s are etuted from the column as symmetric peaks, and the order of their elution 
is reverse to that observed commonly on other phases. 
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Separation of  fatty acids is an important  analytical 
task. C o m p o u n d s  o f  this type are characterized by a high 
polarity and adsorpt ion  capability, which makes their  
chromatographic  de te rmina t ion  difficult. Acids from for- 
mic to dodecano ic  have been first separated as early as 
in 1952 in the first work on gas liquid chromatography.  I 
A nonpolar  phase along with stearic acid were deposited 
on a solid support  to obtain symmetr ic  peaks of acids. 
The  use of  nonpo la r  Apiezon  L at high temperature 
(276 ~ made it possible to separate high-boilng acids 
CI2_18. 2 However ,  the chromatographic  zones were 
uonsymmetr ic .  A substantially better  separation of acids 
C4_22 was obta ined on pentaerythri tol  with addition of  
phosphoric acid (2% of  the weight of  the solid suppor t ) )  

Further,  instead of  direct de terminat ion  of  lower 
acids, in the major i ty  o f  cases, they were analyzed in the 
form of esters, "t on the phases containing nonvolati le 
organic or inorganic  acids (modifying agents) s.n, or on 
the phases with high polari ty (for example,  Nukol7). 

The purpose o f  the present  work is to search for and 
study superselect ive phases for separation of  volatile 
organic acids using a zlew approach suggested previ- 
ously s which is based on the use of  aqueous solutions of  
inorganic salts (select ive under  condit ions of steam chro-  
matography) as the s tat ionary liquid phase (SLP). 9,t~ 
Unlike the studies men t ioned ,  t -7  in the present work, 
an aqueous  solut ion of  phosphor ic  acid was used as 
SLP, and the separa t ion  of  organic acids was studied on 
this phase. 

Experimental 

The studies were performed on a chromatograph with two 
independent thermostats (for a steam generator and for col- 

umns) using a procedure described previously. 9 Steel columns 
2 m• mm were used, and SLP (H3PO a (87%)) was depos- 
ited on a Chmmaton solid support in amounts of 15% and 
20% of the weight of the support. The rate of a carrier gas 
(water vapor) was 30 mL rain -I .  

Results and Discussion 

As c:,,l be seen from yio.. 1, all lower acids are 
selectively separated on an aqueous  solut ion of  H3POa,  
and the order of elution is reverse as compared  to  the 
normal  order II (Fig. 2). Thus,  tile phase s tud ied  is 
superselective. 

The  temperature  of  separa t ion  exerts a strong effect  
on the selectivity of separat ion and  its duration. 12 The  
tempera ture  effect upon separa t ion  of  fatty ac ids  on 
polar  phases is described in Refs.  13 and 14. I n  our 
work, an increase in the se lect ivi ty  o f  separat ion o f  acids 
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Fig. !. Chromatogram of separation of fatty acids C2--C s on a 
column with 20% H3PO ~ at 1[5 ~ Acids: /. caprylic: 
2, enanthic; 3. caproic; 4, valeric; 5, isobutyric: 6, butyric: 
7. propionic: 8, acetic. 
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Fig. 2. Correlation dependence of the retention time of fatty 
acids C2--C g on their boiling points on polar phases: l, "tri- 
tactic acid ''t2 and 2, water--H3PO 4. 

was observed as the  t e m p e r a t u r e  increased,  which dif- 
fered from the  k n o w n  SL P  (Table  1). For  example ,  as 
the t empe ra tu r e  inc reased  from 115 to 120 ~ the  value 
of  the relative r e t e n t i o n  o f  acet ic  acid (succinic  acid as 
the s tandard)  inc reased  f rom 2.6 to 5.2, respectively. 
The  unust,  ally s t rong  t e m p e r a t u r e  effect observed is 
caused by two factors:  1) the  role of  hydrogen bonds ,  
whose c o n t r i b u t i o n  d e p e n d s  sharply  on the t empera tu re ;  
2) an add i t iona l  c h a n g e  in the  phase  compos i t ion  ( the 
con ten t  of  wate r  in the ~tatic:~ary phase decreases s imul-  
taneously  as the  t e m p e r a t u r e  increases,  and a certai~l 
c o n c e n t r a t i o n  of  acid in a so lu t ion  of  SLP cor responds  
to each t e m p e r a t u r e ) .  

As can be seen  from Table  2, the con ten t  of  the 
acidic SLP on the  solid suppor t  has a substant ial  effect 
on the r e t e n t i o n  pa rame te r s ,  especial ly for the  first 
representa t ives  of  the  homolog ica l  series. This  is likely 
the result of  a c h a n g e  in the  con t r i bu t ion  of  the adsorp-  
t ion to the  r e t e n t i o n  values,  t5 The  selectivity of  separa-  
t ion decreases  as the  m o l e c u l a r  weight  of  acidic sorbates  
increases. Th i s  is especia l ly  p r o n o u n c e d  for the phase 
con ta in ing  a great  a m o u n t  o f  acid. The  degree of  separa-  
t ion of  no rma l  and  i sobutyr ic  acids is suff iciently high 

Table 1. Temperature effect on retention of fatty acids on an 
aqueous solution of phosphoric acid 

.Acid Temperature of coh,mn 

115 ~C 120 "C 

k <~ k 

Acetic 46.3 2.6 42 5.2 
Propionic 28.9 1.6 17.7 2.2 
Butyric 17.9 1 7.3 i 
Caproic I I.l 0.6 10.3 1.4 
Capry.'[ic 7.5 0.4 13.7 1.8 

k is the capacity coefficient, ,~ is the coefficient of relative 
retention. 

Table 2. Effect of the content  of acid in the sorbent on 
retention of fatty acids at 120 ~ 

Content  of H3PO,~ on support 

Acid 15% 20% 

k ct k ct 

Acetic 18.3 3.8 54.7 4.2 
Propionic 23.7 1.9 25.7 2.0 
Butyric 12 1 12.3 l 
Isobutyric 8.3 0.7 9 0.75 
Vaferic 6.8 0.6 8.3 0.7 
gnanthic 8 0.7 5.3 0 5  
Caprylic 9.7 0.8 6 0.5 

k is the capacity coefficient, ct is relative retention. 

Table 3. Retention of some cyclic and higher 
acids at t20 ~ on H3PO 4 

Acid k a 

Margaric 20.6 1 
Stearic 39.7 1.9 
Oleic 27.3 1.3 
Salicylic 35 1.7 
Benzoic 25. I 1.2 

k is the capacity coefficient, ct is the coefficient 
of relative retention. 

and  increases as the c o n t e n t  o f  SLP  on the sol id suppor t  
increases.  

Our  exper in tents  showed  tha t  the  c h r o m a t o g r a p h i c  
separa t ion  of  acids Cl7_~,~, as well as b e n z o i c  and 
salicylic acids, depends  s t rong ly  on  the m o l e c u l a r  weight  
(Table  3). However,  for h i g h e r  acids the o r d e r  of  e la-  
t ion of  sa tura ted  and u n s a t u r a t e d  c o m p o u n d s  is the 
same as tha t  on inorganic  sal ts  with  water  v a p o r  as the 
carr ier  gasfl A s t ronger  r e t e n t i o n  of  an ac id  wi th  a 
h igher  polari ty is observed in the  benzo i c - - s a l i cy l i c  acid 
mixture.  

As known,  IJ the s e p a r a t i o n  coeff icient  is ma in ly  
d e t e r m i n e d  by the select ivi ty  of  SLP and e f f i c i ency  of  
the  co lumn.  The  d e p e n d e n c e  of  the  eff ic iency o f  separa-  
t ion ( the height  equivalent  to a theoret ical  plate ( H E T P ) )  
on the  pressure at the inlet  o f  the  c o l u m n  is p r e s e n t e d  in 

Table 4. Dependence of HETP on tile pres- 
sure at the inlet of the column tor valeric 
and succinic acids 

P/atm H ETP 

Vale~c Succinic 
acid acid 

1.28 3.8 3.2 
1.37 3.3 2.8 
1.46 a.7 3.1 
1.56 5.4 3.9 
1.69 5.5 5.1 
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Table 4. It can be seen that the smallest HETP is 
observed when the pressure at the inlet (P) is equal to 
1.37 atm, which cor responds  to the linear rate of  the 
steam flow (V) of  12 cm s - j .  

Thus, based on the data obtained,  it can be con-  
cluded that the use of  s team chromatography and appli- 
cation of  acidic SLP makes  it possible to separate satu- 
rated and unsaturated acids in the free form and to 
perform chromatograpb ic  elut ion of fatty acids in the 
reverse order  compared  to o ther  phases. 
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