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Thermal analysis shows that  the interaction of boric acid with pentaerythri tol  on 
heating leads to the formation of a polymeric complex acid (1 : 1) and the direction 
of the interaction does not  depend on the molar ratio of the reacting compounds.  
The interaction of boric acad with methriol and ethriol leads to the formation of two 
types of esters, depending on the molar ratio of the reactants. The formation of an 
unstable polyolboric acid is an intermediate stage of each interaction. 

This work is devoted to the thermal study of the interactions of boric acid with 
1,3-dihydroxy-2,2-dioxymethylpropane (pentraerythritol) (I), 1,3-dihydroxy-2- 
oxymethyl-2-methyl-propane (methriol) (I l), and 1,3-dihydroxy-2-oxymethyl-2- 
ethyl-propane (ethriol) (III). 
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The thermal curves of I, II and III have been given earlier [2]. As shown in 
[1 ], we can determine the direction of interaction from the weight loss at the end 
of the dehydration interaction (on the TG curve). Theoretically various reactions 
can take place on heating boric acid with I: 

la) H3BO3 + C(CH2OH)4--* 2 H20 + C(CH2OH)2(CH,,O)2BOH 

l b) H3BO3 + C(CH,,OH)4 --* 2 H~O + H[C(CH2OH)(CH~O)3BOH] 

2a) H3BO3 + C(CH2OH)4 ~ 3 H20 + C(CH2OH)(CH20)3B 

2b) n H3BO3 + nC(CH2OH)4 ~ 3n H~O + Hn[C(CH20)4B]~ 

.L Thermal Anal. 8, 1975 



470 SCHWARTZ et al.: REACTIONS OF BORIC ACID WITH POLYOLS, II, 

We can assume some other interactions in the case of an excess of polyol in the 
reaction mixture, e.g. : 

30) H3BO3 + 2 C(CH2OH)~ --* (CH2OH)aC(CH~O)B(OCHz) C(CH~OH).,+ 3H20 

3b) HaBOa + 2 C(CH2OH)4 ~ H[(CH~O)zC(CH~O)2B(OCH2)zC(CH2OH)] + 
+ 3 H~O 

4a) 2 HaBOa + C(CH2OH)4 ~ HOB(OCHz)2C(CH20)zBOH + 4 H20 

4b) 2 H~BO3 + C(CH~OH),-o H2[(HO)2B(CH20)2C(CH20)2B(OH)2 ] + 2 H20 

5) 8 CH3C(CH2OH)3 + 8 H3BO3 ~ H(C~HgO3B)8OH + 23 H20 

6) 8 C2H~C(CH2OH)a + 8 HzBO a --* H(C6H~OaB)aOH + 23 H20 
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Fig: 1. DTA, TG, DTG and TE curves of a 1 : 1 mixture of boric acid and pentaerythritol 
(I) 

In the case of interactions l(a,b) the calculated weight loss is 18.2 ~ ,  in 2(a,b) it is 
27.3~,  in 3(a,b) 16.3~, in 4a 27 .7~  and in 4b 18.2~. 

The formation of esters (cases a) or complex acids with tetra-co-ordinated boron 
(cases b) can be demonstrated by the presence or absence of electrical conductivity 
on melting. As shown by Fig. 1, when an equimolar mixture of boric acid and 
pentaerythritot is heated, reaction 2 takes place in the temperature range 7 0 - 1 3 0 -  
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Fig. 2. DTA,  TG, DTG curves of  an equimolar mixture of  boric acid and methriol (II) 
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Fig. 3. DTA,  TG, DTG curves of  an equimolar mixture of  boric acid and ethriol (II1) 
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Fig. 4. DTA.  TO, DTG curves of a 1 : 2 mixture of boric acid and methriol 
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Fig. 5. DTA,  TG, D T G  curves of a 1 : 2 mixture of boric acid and ethriol 
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200 ~ (heating rate 10~ The rise of  electrical conductivity in this temperature 
range indicates the formation of complex acid (case 2b). The acid, a crystalline 
compound, is isolated after interrupting the heating when the reaction is finished 
(controlled on the T G  and D T G  curves). The IR  spectra show that boron is tetra- 
co-ordinated in this compound [3]. The excess of  pentaerythritol in the reaction 
mixture does not change the direction of the interaction (Table 1). The DTA curve 
of the mixture of  boric acid with excess pentaerythritol shows two endothermic 
minima, at 180 ~ and 260 ~ , which are due to the polymorphous transformation 
and melting of the excess of pentaerythritol. 

Compounds I I  and I l I  differ from pentaerythritol only by the substitution of 
one OH group by a methyl or ethyl group, respectively. However, the interaction 
with boric acid occurs in this cases in a different manner. The glassy polymeric 
esters are formed by heating an equimolar mixture of the components (Figs 2 
and 3). The average number of monomer in the polymer, as calculated according 
to [1], is ~ 8. The weight loss (Table 1) shows that in this case reactions 5 and 6 
take place. The polymers were isolated by interrupting the heating at the end of 
interaction. They contain tri-co-ordinated boron (IR absorption bands in the region 
of 1300-  1500 cm -1). 

I f  an excess of II  or I I I  is taken, crystalline monomeric esters (IV and V) with 
a boron to II  or I i I  ratio of  1 : 2 are formed by interaction. 

The d/n of  IV and V respectively, are: 
4.44(4), 4.75(5) and 5.54(3); and 5.04(3), 5.36(5), 5.73(5) and 6.27(3). 

CH.,OH CHeOH 
I I 

CH a -  C -  CH20 CH, OH C2H~- C -  CH,,O CH,,OH 
f I 1 I I r 
CH20 - B - OCH2 - C - CH3 CH,,O - B - O C H e -  C - C2H5 

f 
CH, OH CH,~OH 

IV V 

As is seen from Table 1 and Figs 4 and 5, the interaction in this case can be de- 
scribed by equations 7 and 8: 

(7) 2 CHaC(CH2OH)3 -+- H3BO3 --+ C13H2106 B -I- 3 U20 
(8) 2 C2HsC(CH2OH)3 + H3BOa ~ C15H2506B + 3 H20 

A further excess of polyol does not change the direction of the interaction. The 
melting point of ethriol is seen on the DTA curve of a 1 : 4 mixture of boric acid 
with ethriol. 

As seen from Figs 3 - 5 ,  the thermal curves taken at a heating rate of  10~ 
with A1203 as reference material, and a sample of 100 -  200 mg in a small platinum 
crucible, do not enable the intermediate stages of  interaction to be identified. 
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However ,  D T A  curves t aken  with s imul taneous  measuremen t  o f  electr ical  conduc-  
t ivi ty by  an  N T R - 6 4  appara tus ,  which has more  sensitive ga lvanometers ,  show tha t  
the in terac t ion  o f  bor ic  ac id  with I I  or  I I I  occurs  in two stages (Figs  6 and  7). 
The first stage, stage at  1 1 0 -  1 2 0 -  140 ~ in the case o f  e thr iol  (III)  and  at  7 0 -  1 2 0 -  
130 ~ in the case o f  methr io l  (II), is accompan ied  by  a rise o f  electr ical  conduct ivi ty .  
The m a x i m u m  electr ical  conduct iv i ty  is a t  120 ~ and  it then falls to  zero. The second 
stage o f  in terac t ion  takes  place in the t empera tu re  range 1 4 0 - 1 6 0 - 2 7 5  ~ in the 

2/ 
 40~ / 

/~2~176 16oo/5o 
Fig. 6. DTA and TE curves of an equimolar mixture of boric acid and methriol (]I), taken 

on the NTR-64 instrument 

130 ~ 

70~ 130 / 

Fig. 7. DTA and TE curves of an equimolar mixture of boric acid and ethriol (III), taken 
on the NTR-64 instrument 
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Table 1 

Weight losses in the interactions of boric acid with pentaerythritol ,  methriol  and 
ethriol 

475 

Molar ratio HsBO, + C(CH~OH)4 (I) HsBOa + CH3C(CH2OH)3(II) H3BOs+CzHsC(CH2OH)3(III) 

HnBOs : polyol 

1 : 1  
1 : 2  
1 : 4  

Found % Calculated % 

27.4 27.3* 
17.90 16.3" 

8.7 8.9* 

Found ~ Calculated % 

28.4 28.42** 
16.8 16.80"** 

9.45 9.27*** 

Found ~ Calculated % 

26.2 26.23** 
15.96 15.46"** 

8.3 8.46*** 

* Calculated from Eq. 2 
** Calculated from Eqs 5 and 6, respectively 

*** Calculated from Eqs 7 and 8, respectively 

case  o f  II ,  a n d  a t  1 3 0 -  1 5 0 - 2 7 0  ~ in  t he  case  o f  I I I ,  a n d  is n o t  a c c o m p a n i e d  b y  a 

r ise o f  e lec t r i ca l  c o n d u c t i v i t y .  T h i s  s h o w s  t h a t  t he  i n t e r m e d i a t e  s tage  o f  i n t e r a c t i o n  

o f  b o r i c  ac id  w i t h  m e t h r i o l  ( I I )  a n d  e t h r i o l  ( I I I )  is t he  f o r m a t i o n  o f  a n  u n s t a b l e  

c o m p l e x  ac id ,  w h i c h  d e c o m p o s e s  to  f o r m  t he  es ter .  
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RI~SUM~ -- On montre  par analyse thermique que l 'acide borique rdagit par  chauffage avec 
le penta-6rythritol et qu'il se forme un acRle complexe polym6re (1 : 1). Le sens de la rdac- 
tion est ind@endant  du rapport  molaire des composds r6agissant. Au contraire, l ' interaction 
de l'acide borique avec le m6thriol et l '6thriol donne  deux types d'esters suivant le rapport  
molaire des corps r6agissant. La formation d 'un  acide polyol-boJique instable consti tue une 
6tape interm6diaire de chaque interaction. 

ZUSAMMENFASSUNG - -  Durch die Thermoanalyse kann  bewiesen werden, dab die bei der 
Erhitzung auftretende Reaktion von Bors/iure mit Pentaerythri t  zur Bildung einer polymeren 
Komplexsfiure im Verhfiltnis (1 : 1) ffihrt und dab die Richtung der Einwirkung nicht von 
dem molaren Verhfiltnis der Reakt ionskomponenten  abh~ingt. Umgekehrt  ffihrt die Reakt ion 
von Bors/iure mit Methriol und ,~,thriol in Abhfingigkeit von dem molaren Verhfiltnis der 
Reaktionspartner  zur Bildung zweier Typen von Estern. Die Bildung einer unbestfindigen 
Polyolbors/iure ist eine Zwischenstufe beider Reaktionen. 

Pe3loMe - -  ]7[pHMeUeHtleM MeTO)la TepMI, HeCKOFO aHaJIH3a iIOKa3aHo, qTO B3aHMoJIef~CTB~Ie 

6 0 p n o ~  KHCJIOTbl C neHTa3pI, ITpI4TOM Be/leT K o6pa3oBanI4IO nOJH4Mepnofi neHTaapI, ITpnT6OpHOfi 

KHCYlOTbI 1:1. HanpaBJ~eHne peaKIlnH He 3aBIlClIT OT OTHOCHTeJIbHblX KOJ1HqeCTB pearnpyrouII4X 

BelIIeCTB. B rlpOTIIBOIIO.rlO:>KHOCTb 3TOMy rlpl,l B3aPlMOJIeflGTBH!4 6OpHO-q KHCJIOTbI C MeTpHOYIOM H 

3Tp!4OYlOM o6pa3yroTcn  ~Ba THHa 3~!,IpOB: 1:1 H 1:2 B 3aBHCHMOCTII OT MOJD/pHOFO OTHOIMeHI, I~I 

pearrtpyro~nx BeHIeCTB. O6pa3oBanHe HecTa6HnbHbIX HOnI40~5opnbIX KHCJIOT ~IBJlaeTCJt IIpO- 

Me~yTOqHOfi cTa/Ine~ B3aI4MOJIelTICTBIIIt. 

J. Thermal Anal. 8, 1975 


