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STUDY OF T H E  T H E R M A L  REACTIONS OF BORIC ACID W I T H  
POLYOLS 

I. THE INTERACTIONS OF BORIC A C I D  WITH HEXITOLS A N D  PENTITOLS 

E. M. SCHWARTZ, V. V. GRUNDSTEIN and [~ .  F. IEVINS [ 

Institute o f  Inorganic Chemistry, Latvian Academy o f  Sciences, Riga, USSR 

(Received April t7, 1974; in revised form February 25, 1975) 

The possibility of detecting the direction of reaction of boric acid with polyol and 
its intermediate stages by means of the data obtained with a Derivatograph is shown. 
An equation is given for determining the average monomer number in polymers with 
terminal H and OH groups from weight loss data. In the interaction of boric acid 
with hexitols and pentitols, polymeric esters are formed. It is found that formation 
of complex polyolboric acid is the intermediate stage of each interaction, 

Thermal analysis can be applied very successfully in the detection of the direc- 
tion and mechanism of chemical reactions, e.g. in the investigation of the inter- 
actions of  boric acid with polyols on heating. The most convenient instruments for 
this purpose are the Derivatograph and a DTA apparatus with simultaneous rec- 
ording of electrical conductivity. 

The existence of  some new effects, different from those of boric acid and polyol, 
on the DTA curve of  the mixture indicates that interaction takes place. (The 
TG, D T G  and DTA curves of hexitols and pentitols have been published earlier 
[1 ].) TG gives the quantity of  water evolved, and allows the direction of the inter- 
action to be determined. The peaks on the curve of electric conductivity vs. tem- 
perature enable indirect conclusions to be drawn about  the nature of  the liquid 
phases, e.g. the presence of ions, or non-conducting molecules. The possibility of  
interrupting heating at any point and examining the contents of  the crucible allows 
identification of the products of  the interaction. Various reactions can take place 
on heating boric acid with polyols, e.g. : 

1) H3BOz + CH2OH(CHOH)nCH2OH -* H20 + 

CH2OHCHOB(OH)~(CHOH),_ 1CH2OH 

+< ~ I 
H [CH2OHCHB(OH)2CHO(CHOH)n_ 2CH2OH ] 

2) H3BO3 + CH2OH(CHOH)nCH.oOH 

i-  I 
2H20 + CH2OHCHOBCHO(CHOH)n_2CH2OH 

OH 
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3) mH3BO3 + mCH2OH(CHOH)nCH2OH 

I I 
3mH20 + [CH~OHCHOBOCH(CHOH)n_3 CHOCH2OH] m 

n = 3 o r 4 .  

The above reactions can be distinguished by the amount of water evolved. In 
the case of interactions 1, 2, 3 for hexitols (n = 4) the calculated weight loss is 
7.38, 14.78 and 22.15 %, and for pentitols is 8.41, 16.81 and 25.20 %, respectively. 
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Fig. 1. DTA, TG, DTG and TE curves of an equimolar mixture of H.~BOa and L-arabitol 

In reaction 3 a polymer is formed. If  3m moles of water are evolved, the polymer 
consists of infinite-lenght chains. Actually the number of monomer units m in the 
polymer is limited and the polymer has two terminal groups - H and OH. For- 
mally they can be attributed to the formation of one mole of water per mole of 
polymer. This leads to the conclusion that in fact the amount of  water evolved is 
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less than 3m. We can therefore calculate the average number of  monomer units in 
the polymer from the weight loss data: 

q 
m - -  

N - N I  

where q is the number of  similar terminal groups, N is the theoretical weight loss 
in mole H20 when infinite-length chains are formed, and N1 is the practical weight 
loss in mole H20 at each stage of dehydration. 
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Fig.  2. D T A ,  T G ,  D T G ,  a n d  T E  c u r v e s  o f  a 1 : 2 m i x t u r e  o f  H a B O  3 a n a  L - a r a b i t o l  

In reaction 1 the interaction can lead to an ester or a complex acid. In the latter 
case the electrical conductivity rises on melting. As can be seen from Table 1, the 
interaction of boric acid with hexitols or pentitols in a molar ratio of  I : 1 proceeds 
in two steps. The first step is characterized by one irreversible endothermic mini- 
mum on the DTA curve (Fig. 1) at 4 0 - 1 0 0 - 1 1 0  ~ which is accompanied by an 
increase of electrical conductivity and a negligible weight loss. This is the result 
of an incongruent melting of the reaction mixture and formation of an intermediate 
complex acid in the solution, according to reaction 1. The weight loss is due only to 
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the evaporation of some water. In most cases the acids I are not stable and do not 
exist in the solid state. Only adonitolboric acid can be isolated in the crystalline 
state by evaporating to dryness an aqueous solution of an equimolar mixture of  
boric acid and adonitol [2]. The IR  spectra show that boron in adonitolboric acid 
is tetraco-ordinated. 

E 
,,? 

& 

100 200 300 ,%00 500 
Temperoiur% ~ 

Fig. 3. DTA, TG, DTG and TE curves of a 1 : 1 mixture of H3BO3 and adonito! 

In the second stage of  interaction we observe the evaporation and splitting-off 
of  the water from the complex acid. In this way polymeric esters are formed. 
The degree of polymerization depends on the constitution and chain length of the 
polyol. In the cases of  adonitol and xylitol, tetramers are formed. In the cases of  
L-arabitol and D-sorbitol, polymers with long chains are obtained. In the cases of  
dulcitol and D-mannitol,  the average number of  monomer  units is eight. 

All hydroxy groups of boric acid react with polyol already at a molar ratio of  
1 : 1, and therefore increase of  the amount  of  polyol does not change the direction 
of the interaction. This can be seen from the data in Table 2. 

All the polymeric esters were isolated by interrupting the heating at the end of  
interaction. They are hygroscopic, glassy substances with tri-co-ordinated boron 
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(detected by IR). If the amount of polyol is greater than that corresponding to 
equimolar, an excess of polyol is always found in the reaction products (detected 
by X-ray analysis and via the thermal curves). (see Fig. 2). If the amount of boric 
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Fig. 4. DTA, TG, DTG and TE curves of a 1 : 1 mixture of H3BOa and dulcitol 1 : 1 

acid is greater than equimolar, a more complicated interaction takes place, 
resulting in the formation of esters which contain two boron atoms per mole of 
polyol. 
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R~sur~ -- On montre qu'il est possible de d6tecter le sens de la r6action de l'acide borique 
avec les polyols ainsi que les 6tapes interm6diaires ~t partir des donn6es obtenues 5. l 'aide d 'un 
"Derivatograph ' .  On aonne une 6quation qui permet de calculer h partir des pertes de poids 
le nombre moyen de monom6res clans les polym6res avec H et OH comme groupes terminaux. 
L'interaction de l 'acide borique avec les hexitols et pentitols donne des esters polym6res. 
On trouve que la formation du complexe polyol-acide borique constitue l'6tape interm6diaire 
de toutes les interactions. 
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ZUSAMMENFASSUNG - -  ES wird gezeigt  wie mi t  Hilfe  eines D e r i v a t o g r a p h e n  die R i c h t u n g  
der  R e a k t i o n  y o n  Borsfiure mi t  Polyolen  sowie  die Zwi schens tu f en  b e s t i m m t  werden  k S n n e n .  
E ine  G le i chung  zur  B e s t i m m u n g  der  du rchschn i t t l i chen  M o n o m e r e n z a h l  in P o l y m e r e n  mi t  
H-  u n d  O H - E n d g r u p p e n  aus  G e w i c h t s v e r l u s t - D a t e n  wird gegeben.  Bei der  R e a k t i o n  y o n  
Bors/ iure  mi t  Hexi to len  oder  Pen t i to len  werden  p o l y m e r e  Es ter  gebildet.  Es  wurde  ge funden ,  
da$  die Bi ldung  yon  kompl exe r  Po |yolbors~iure  die Zwischens tu fe  jeder  R e a k t i o n  ist. 

Pe310Me --l-IoKa3aHa BO3MOTgHOCTh orlpe~eJIeHna HailpaBJieHHn peaKtirI~I H ee IIpOMe~yTOqHbIX 
CTa)~H~ B CI'ICTeMax 60pHaa Kt4C~OTa-IIoytrto.rl II3 ,~epi, tBaTorpa(~HtleCKi4X ~aHI~IblX. YIpe~o~Kerta 
~opMyYIa ;IY~t npH6~ii3aTea~,aoro noJIc~IeTa qvic~a MOHOMepOB B rlo~viMepax, KOHetIHblMI-I rpyE[- 
rtaM~t KOTOpglx ~BXtarOTC~t /4 r~ OH. YIoKa3aHo, qTO IIpl~ B3aHMO~e~ICTBI4I, I 60priori KISCY[OT/aI C 
FeKCHTaMH H I/eHTHTaM~ 06pa3yroTcrt IlOJIHMepHt,le 3qbHpbI, HO IIpoMe)IgyTOqHbI~ 3Tarl KaTKgoro 
B3a~IMO~eI~r DI COCTaB-q~/eT 0 6 p a 3 0 a a ~ e  KOMIIYleKCHblX IIOYIHO.rI6OpHbIX KI, ICYlOT. 
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