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We have p rev ious ly  p roposed  a method for  de te rmin ing  uronic  acids (UA s) in va r i ous  po lysaccha r ides  
(PSs) which is based  on decarboxyla t ion  with 57% hydriodic acid and the record ing  of the ca rbon  dioxide l i b e r -  
ated by means  of gas  ch roma tog raphy  [1]. In the p r e s e n t  p a p e r  we r epo r t  a broadening  of the poss ib i l i t i e s  of  
th is  method by rep lac ing  the hydriodic acid by a mix tu re  of hydriodic and hydrochlor ic  acids with the addition 
of sodium hypephosphite  reducing mix ture .  

We have es tab l i shed  that  at an e levated  t e m p e r a t u r e  the reducing mix tu re  quanti tat ively deca rboxy la tes  
UAs and r educes  the sulfate group (SO42-) to hydrogen sulfide, which enables  these  components  to be  de te rmined  
on one sample  of the subs tance  being analyzed.  The reac t ion  was p e r f o r m e d  in a c losed  cel l  consis t ing of a 
box with two s i d e - a r m s  at tached to the gas  s y s t e m  of the chromatograph .  Af te r  the end of the react ion,  the 
reac t ion  p roduc t s  we re  dr iven  into the ch romatograph ic  column and separa ted ,  and t h e i r  p r e s e n c e  was r eco rded  
by m e a n s  of a t h e r m a l  conductivity de tec tor .  

A p r e l i m i n a r y  tes t ing  of a number  of reducing mix tu r e s  mos t  f requent ly  used fo r  the de te rmina t ion  of 
SO42- in organic  and biological  m a t e r i a l s  [2-7] showed that  they were  equivalent  in re la t ion  to t he i r  deca rboxy l -  
ating and reducing p r o p e r t i e s .  However ,  in the final g a s - c h r o m a t o g r a p h i c  analys is  a mix tu re  of 57% HI (100 ml),  
concent ra ted  HCI (60 ml), and H20 (40 ml) with the addition of 30 g of NaH2PO 2 had some advantage:  it is s imple  
to p r e p a r e ,  s table  on s torage ,  and in con t r a s t  to o ther  reducing mix tu res ,  l i be ra te s  insignificant amounts  of  
phosphine on reac t ion  with the m a t e r i a l  under  invest igation.  

The contr ibut ion f r o m  neut ra l  monosaccha r ide s  to the e r r o r  of the de te rmina t ion  fo r  UAs using the r e -  
ducing mix tu re  is the same  as when using 57% HI alone, and does not exceed 1%. 

A t r i a l  of the comple t enes s  of the reduct ion of SO~- groups  of PSs showed that  r eac t ion  in a c losed ce l l  
l eads  to somewhat  low r e s u l t s  in c o m p a r i s o n  with the de te rmina t ion  of sulfate  in a f low-through s y s t e m  p r o -  
viding for  the e l iminat ion  of the H2S f r o m  the reac t ion  mix tu re  as  it i s  f o rmed  [6]. F o r  inorganic sulfate (K2SO4) 
identical  r e su l t s  we re  obtained in the two sy s t ems .  Subsequent obse rva t ions  of these  noncor re spondences  led 
to the conclusion that  the prolonged contact  of H2S and of the p roduc t s  of the reac t ion  of PSs with m i n e r a l  ac ids  
in a c losed s y s t e m  leads  to some loss  in H2S; it b ecomes  m o r e  cons ide rab le  in the p r e s e n c e  of monosaccha r ides .  

I t  was  a lso  es tab l i shed  that  the r a t e s  of the reduct ion and the decarboxyla t ion  reac t ions  d i f fe r  c o n s i d e r -  
ably; in the f i r s t  10 min  about 90% of the SO~- groups  p r e sen t  in the PSs a r e  reduced,  while the comple te  d e c a r -  
boxylat ion of the UAs r e q u i r e s  a longer  t ime  and a higher  t e m p e r a t u r e .  These  d i f f e rences  enable the diff icul-  
t i e s  ment ioned to be  e l imina ted  by p e r f o r m i n g  the  reac t ion  in two s tages .  Af te r  each  s tage the reac t ion  p r o -  
ducts  a r e  dr iven  out into the c h r o m a t o g r a p h i c  column and a r e  r eco rded  by the de tec tor .  

The l o s s e s  of H2S due to oxidation in the absorp t ion  column that  is used to purify the CO 2 and H2S before  
ch roma tog raphy  can be e l iminated  by filling this  column with s i l i ca  gel impregnated  with sodium hypophosphite.  
This  p r even t s  the oxidation of the accompanying HI to e l emen ta ry  iodine by a t m o s p h e r i c  oxygen in the purging 
of the reac t ion  sys t em.  
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TABLE 1. Resul t s  of Dete rmina t ion  of the Amounts  
of  Uronic  Acids (UAs) and Sulfate Groups in P o l y s a c -  
charides (%) 

Polysacehazide 

Heparin, sodium salt 
Chondroitin sulfate, sodium salt 
Dexlzan sulfate, sodium sale 

Combined 
determina- 
tion _ _  

UAs so~- 

14,00t43,56 
23,65115,26 

-- ]49,07 

Separate de- 
termination 

UAs 

13,98 
23,93 

so~ 

41.12 
14.79 
47,20 

The :results of de te rmina t ions  of UA s and SO 2- in PSs by the p roposed  method have been compared  with 
the r e su l t s  obtained by the sepa ra t e  de te rmina t ion  of the UAs by decarboxyla t ion  with 57% HI followed by  g a s  
ch roma tog raphy  [1] and of SO 2- by combust ion  in a f lask  with oxygen [8] (Table  1). 

The range  of de te rminab le  amounts ,  for  which the s ignals  of the de tec to r  was l inear  was  0.1-1.5 mg  of 
UAs, and 0.1-1.0 mg of SO 2-. 

The mean  square  e r r o r  at  n = 5 was  2% re la t ive  for  UAs and 3.5% re la t ive  for  SO~-. 

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

Mate r i a l s  and Reagents .  All the PSs were  c o m m e r c i a l  samples .  The reducing mix tu re  was p r e p a r e d  by 
mixing 100 ml  of f resh ly  dis t i l led 57% HI, 60 ml  of concent ra ted  HC1, 30 g of NaH2PO2, and 40 ml  of water .  The 
mix tu re  was boiled in a f lask  with a reflux condenser  in a c u r r e n t  of a rgon for  6 1% s tored in the s a m e  f lask  
o v e r  the p rec ip i t a te  in a place  p ro tec ted  f r o m l i g h t ,  andusedwi th in two  months.  The KSK s i l i c a g e l s  (0.5-1.0 mm) 
of the absorpt ion  column w e r e  p r e p a r e d  by the deposi t ion of a sa tura ted  solution of sodium hypophosphite (5% 
of NaH2PO:! on the weight of the s i l i ca  gel) followed by act ivat ion at 120°C for  6 h. 

The appara tus  has  been  desc r ibed  p rev ious ly  [1]. The ch romatograph ic  column (250 × 0.3 cm) contained 
Polysorb I. 

Method. The reducing mixture (1 ml) was poured into the reaction vessel and a light glass boat with a 
weighed amount of PS (1-3 mg) was carefully placed on its surface. After the purging of the reaction system 
had been completed, the boat was capsized by shaking the vessel. The first stage of the reaction was Carried 
out at 130-135°C for 10 rain and the second stage at 140-145°C for 30 min. After each stage, the reaction pro- 
ducts were chromatographed at room temperature; the detector current was 125 mA, sensitivity 8, rate of flow 
of helium 50 ml/min. The amounts of the components determined were calculated from the overall integral 
parameters of the CO 2 and H2S peaks with retention times of 2 and 8 min, respectively. Calibration was carried 
out with individual samples of glucuronolactone (0.1-1.5 mg) and potassium sulfate (0.2-2.0 nag)° 

S U M M A R Y  

A new method is p roposed  fo r  the s imul taneous  g a s - c h r o m a t o g r a p h i c  de te rmina t ion  of the amounts  of 
uronic  acids and sulfate groups  in po lysaccha r ides .  
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