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a n d  L .  P .  K o s h e l e v a  

N A T U R A L  M A T E R I A L S  

UDC 547,917+543.854.7 

At the present  time, a discussion of the question of the quantitative determinat ion of uronic acids (UAs) 
in var ious  natural  mate r ia l s  is being ca r r i ed  on. A large number  of publications has been devoted to improving 
the decarboxylat ion method [1]. This method has been fa i r ly  well studied in re la t ion to the validity of the r e -  
sults obtained and possible sources  of e r r o r  [2-4], but cha rac te r i s t i c s  of i t  that are  not unimportant in p r ac -  
tical work, such as the sensi t ivi ty and speed of analysis and the apparatus for the p rocess ,  require  improve-  
ment. 

An attempt to use this method and also a comparat ive study of various decarboxylat ing agents and of the 
conditions and methods for recording the CO 2 have enabled us to recommend what is,  in our  opinion, the most 
promi sing var iant .  

The procedure  is based on a combination of the decarboxylat ion reac t ion  of a UA with 57~ hydriodic acid 
(HI) with the d i rec t  t i t rat ion of the CO~ in nonaqueous solvents [5, 6]. The CO 2 l ibera ted  was absorbed by a 
solution of monoethanolamine (MEA) in dimethylformamide (DMF) and was t i t rated with a benzene-methano l  
solution of sodium methoxide. 
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TABLE 1. De te rmina t ion  of Uronic Acids in Var ious  Po ly -  
s a c c h a r i d e s  by Decarboxyla t ion  with 57% HI and wi th 19% 
HCI 

Substance 

D-Glucumnolacmne 
D-Galacmronic acid monohydrate 
D-Glucumnic acid 
Alginlc acid 
Zosterin* 
Polyumntde from zosterin* 
Ciu'us pectin 
S ang ass an * 
Chondroitin sulfate 
H yaluronic acid 

Mean value ~ mean square deviation 
at n = 10 

Mean square deviation, ~o 

Uronic acid (~),  found with the aid of 

57% HI 19~ HCI 

99,76 100,39 98,00 
91,45 90 ,68  90,42 
97,46 98 ,46  98,07 
78,40 77 ,93  77,85 
56,73 57 ,38  55,90 
96 72 97 ,16  96,90 
39158 39 ,44  40,08 
24,90 24 ,86  25,70 
23,60 23 ,76  22,10 
35,10 35 ,29  34,70 

64,454-0,40 
0,62 

100.35 
92,55 

101,04 
78,13 
56,.~6 
97,80 
39,92 
24,76 
23,50 
35,54 

64,51+1,20 
1,86 

* The seaweed p o l y s a c c h a r i d e s  were  kindly given to us by 
Dr. Yu° S. Gvodov, and the o ther  m a t e r i a l s  were  c o m m e r -  
cial  p r e p a r a t i o n s .  

The advantage of hydr iodic  acid ove r  o the r  decarboxyla t ing  agents such as 12% and 19% HCI cons is t s  in 
a shor tening of the reac t ion  t ime to 30-35 rain which, in i ts  turn, d e c r e a s e s  the f igures  obtained in the blank 
expe r imen t s  and the i r  f luctuat ions - f ac to r s  which l imi t  the sens i t iv i ty  of any method. As a consequence of 
the shortening of the t ime of contact  of nonuronic m a t e r i a l s  with s t rong m i ne r a l  acid,  the e r r o r s  due to them 
are  brought to a minimum; the product ion of wel l -def ined  kinet ic  curves  fac i l i t a te  the record ing  of the end of 
the reac t ion .  

The use of nonaqueous t i t r a t ion  also has  a number  of advantages in compar i son  with ind i rec t  d e t e r m i n a -  
tions of CO 2 [2], IR s p e c t r o m e t r y  [4], and conductometry [7]. The d i r e c t  r eco rd ing  of the CO 2 i n c r e a s e s  the 
sens i t iv i ty  of the de te rmina t ion  and makes  i t  poss ib le  to follow the course  of the decarboxyla t ion  reac t ion  with 
t ime by means  of s imple  appara tus .  

The p roposed  var ian t  of the method ensu re s  the r e l i ab l e  de te rmina t ion  of UAs in the range  of concen t ra -  
tions f rom 2 to 100 #M° The lowest  de t e rminab le  concent ra t ion  is l imi t ed  by the sens i t iv i ty  of the method, 
which, accord ing  to a ca lcula t ion  by the 3~ c r i t e r i o n  [8], is  1.5 ~M of UA, and the upper  l imi t  is  de te rmined  by 
the p rec ip i t a t ion  of a l a rge  amount of s a l t s ,  i n t e r f e r ing  with t i t ra t ion .  

We have tested the r ecommended  p rocedu re  on p o l y s a c c h a r i d e s  of va r ious  composi t ions  and s t r u c t u r e s .  
The r e su l t s  of de te rmina t ions  of UAs obtained by the use of this var ian t  of the method and with 19~ HCI p roved  
to be comparab le  (Table 1)° 

E X P E R I M E N T A L  

Reagents. Sodium methoxide solution (0°02 N): 0.46 g of metallic sodium was dissolved in 25 ml of dry 
methanol in the reservoir of a microburette with 0.01-ml graduations, and the volume was made up to one liter 
with dry benzene° The titrant was standardized and stored as described in the literature [9]; 1 ml of 0.02 N 
sodium methoxide solution is equivalent to 0°8802 mg of CO 2. Indicator: 0.1% of Thymol Blue in DMF. MEA: 
a preparation once-redistilled under vacuum° The 57% HI was prepared and purified as described by Steyer- 
mark  [10]. The CO 2 l ibe ra ted  in the r eac t ion  was f r eed  f rom volat i le  i m p u r i t i e s  in te r fe r ing  with t i t ra t ion  (H2C, , 
HI, 12, CH3I, H2S, etc°) by means  of a pur i f i ca t ion  tube (1.2 × 17 cm) f i l led with a l a y e r  (8 cm) of type KSK s i l i c a  
gel with a g ra in  s ize  of 0.5-1.0 mm impregna ted  with a solut ion of s i l v e r  n i t r a te  (5 % of AgNO a on the weight of 
the s i l i ca  gel) and ac t iva ted  at 120-130°C for 5 h, and with a l ayer  (5 cm) of pu re  s i l i ca  gel .  The l a y e r s  were  
fixed by g l a s s  wool o r  by t r ea t ed  a sbes to s .  One f i l l ing of the tube was suff icient  for 40 de te rmina t ions .  

Method. A weighed sample  of the m a t e r i a l  under  inves t iga t ion  was p laced  in a 5 -ml  reac t ion  f lask  fi t ted 
with a feed tube and with an eff ic ient  re f lux  condense r ,  and i t  was covered  with 1 ml of 57% HI. The condenser  
was connected with pur i fy ing and g a s - o u t l e t  tubes,  the l a t t e r  extending to the bottom of an absorp t ion  ve s se l  
consis t ing  of  a tes t  tube (0.8 x 15 em) with a widening in i ts  cen t ra l  par t .  The whole sy s t em was purged with 
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Fig. 1o Graph of the dependence of the con- 
sumption of ti trant on the time of decarboxyl-  
ation: 1) galacturonic acid; 2) zoster in - a 
seaweed pectin. 

dry pure argon for 10-15 min, af ter  which 5 ml of DMF, 0.25 ml of MEA, and 1-2 drops of indicator were 
added to the vessel .  A constant flow of argon of 7-8 ml /min  was established, and the absorbing solution was 
neutralized by the titrant to a blue color  pers is t ing  for 5 min. The reaction mixture was heated in the oil 
bath to the boil, the CG 2 formed was titrated after  predetermined equal intervals of time with the solution of 
the titrant, and a graph of the consumption of ti trant as a function of the time of the reaction was plotted. The 
determination was complete when the ti tration curve became almost  horizontal.  The amount of ti trant equiva- 
lent to the amount of UA was found f rom the tangent to the titration curve in its almost  horizontal  section 
(Fig° 1)o A blank experiment was per formed s imilar ly .  

S U M M A R Y  

A pre fe r red  variant of the decarboxylation method for the determination of uronic acids is proposed 
which uses 57~ hydriodic acid and the direct  nonaqueous titration of the CO 2 formed.  The range of concentra-  
tions of uronic acids that can be determined is from 2 to 100 ~M. The sensit ivity of the method is 1.5 gM, its 
reproducibili ty 0,6%, and the time of one determination 40-50 min. The proposed variant of the method is ap- 
plicable to the study of various polysacchar ides  and other  carbohydrate-containing biopolymers.  
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