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The thermal behaviours of certain salts of the complex "ethriol-" and "methriolboric" 
acids have been investigated by means of Derivatograph and IR spectra. 

It is shown that compounds of this type decompose in three main stages on heat- 
ing: 1) the crystallization water is lost, 2) the condensation water is lest and dimers 
are formed containing bridge bonds B4--O--B~; 3) up to 600-700 ~ all the organic 
matter is lost; the residue is the corresponding borate (1 : 1). The possibility of per- 
forming a fast full analysis by means of the TG and DTG curves has been demon- 
strated. 

A n u m b e r  o f  salts have been p r e p a r e d  o f  the complex  acids  fo rmed  by boric  
acid and  methr io l  (2 -me thy l -2 -hydroxymethy lp ropaned io l - l , 3 )  (I) or  ethriol  (2- 
e t hy l -2 -hyd roxyme thy lp ropaned io l - l , 3  (II) [1, 2]. 
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These salts are c rys ta l -hydra tes  con ta in ing  the complex  " m e t h r i o l - "  or  "e thr io l -  
b o r a t e "  an ion  (III) .  

[ ] R - C - C H 2 0  - B  - O H  
\CH20/ 

I I I  

Experimental 

The thermal  behav ionr  o f  these c o m p o u n d s  was s tudied with a Paul ik  - P a u l i k  - 
E rdey  Der iva tograph .  The fo l lowing condi t ions  were used :  0 . 1 - 0 . 2  g samples  
in a small  p l a t i num crucible;  hea t ing  ra te  12~ air  a tmosphe re ;  the t empera -  
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ture was measured inside the sample; reference substance: A120 3. IR spectra 
has been taken with a I K S - 1 4 A  apparatus, between 3000-3800 cm -1, the 
sample suspended in paraffin oil. 

Results 

Some of the TG, D T G  and DTA curves are presented in Figs~l - 4 .  The weight- 
loss data are listed in Table 1. 
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Fig.  1. TG,  D T G  a n d  D T A  of  l i t h i u m  m e t h r i o l b o r a t e  L i [CH3C(CHzO)3B(OH)]  �9 1.5H~O 

The compounds under investigation exhibit three main stages of  thermal de- 
composition. The first is the loss of  crystallization water by heating from 60 ~ 
up to 200 ~ the second process is the loss of one molecule of  water due to dimeri- 
zation: 

2M [R - C(CH20) sB(OH) ] --* HzO + M2 [R - C(CH20) 3BOB(OCH~)C - R] 

The dimers have been isolated and named "dimethriol-" and "diethrioldiborates". 
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Fig.  2. T G ,  D T G  a n d  D T A  o f  p o t a s s i u m  m e t h r i o l b o r a t e  K [ C H ~ C ( C H 2 0 ) 3 B ( O H ) ]  2H2C~ 
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Fig. 3. T G ,  D T G  and D T A  of sodium ethriolborate Na[C=HsC(CH20)3B(OH)].3H=O 
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Table 1 

The thermal behaviour of methriol- 

F o r m u l a  

Li[CH3C(CH20)3B(OH)] �9 1.5H20 
Na[CH3C(CH20)B(OH)] �9 3H20 
K[CH3C(CH~O)3B(OH)] �9 2H20 
NHa[CH3C(CH20)3B(OH)] �9 0.5H20 
Ba[CHaC(CH20)3B(OH)]z �9 4H20 
Sr[CHzC(CH20)~B(OH)] 2 �9 4H20 
Li[C2HsC(CH~O)3B(OH)] �9 1.5H20 
Na[CeHsC(CH20)3B(OH) ] �9 3H20 
K[CeHzC(CH20)3B(OH)] �9 0.5H20 
NHa[C2H.sC(CHeO)3B(OH)] " 0.5H~O 
Sr[C2HsC(CH20)zB(OH)] 2 �9 4H~O 
Ba[CeHsC(CH20)3B(OH)]2 �9 2H~O 

Stage [ o f  weight  loss 

60-- 180 
45--210 

]00-- 180 
60--160 

170-- 180 
60-- 180 

190--260 
90-- 180 

Obtained 
% 

24.38 
15.59 
20.91 
15.40 

14.27 
23.33 

5.13 
19.42 

Calculated 
according  

to 1 

24.35 
16.37 
20.24* 
14.49 

14.02 
22.81 
4.32 

18.87" 

1) M[R-- C(CH20)3BOH] �9 nH20 -+ M[R-- C(CHzO)3BOH] + nH20 
2) 2M [R-- C(CH20)3BOH] �9 nH20 --+ M 2 [R-- C(CHzO)3BOB(OCH2)aC-- R] + (n+ 1)HzO 

3) 2M[R--C(CH20)~BOH ] �9 nH20 ~ ~ M20 �9 B203(MO �9 B203)+ m C O  z + q(H20 ) 

U n a m b i g u o u s  evidence for  this process  was p rov ided  by  I R  abso rp t ion  spect ra  
t aken  immedia t e ly  af ter  the i so la t ion  o f  the p r o d u c t  (the heat ing was s topped  at  
the endpo in t  o f  the co r re spond ing  decompos i t ion  stage on  the D T G  (Fig. 5). 
I f  only  the anhydrous  salts are formed,  the O H - g r o u p  b o u n d  to b o r o n  ( B - O H )  
remains ,  and  the I R  spectra  show the co r re spond ing  abso rp t ion  band  at  3360 cm -1. 
I f  the d imer  is f o rmed  this O H - g r o u p  is lost,  and  there is no b a n d  at  3360 cm -1 
organic  mat ter .  The  th i rd  stage of  the the rmal  decompos i t ion  is due to oxida-  
t ion  and  loss o f  o rganic  mat ter .  This loss is comple te  at  6 0 0 - 7 0 0 ~  the process  
is a c c o m p a n i e d  by  exothermic  peaks  on the D T A .  The residue is the corre-  
spond ing  borate .  

The  endo the rmic  min ima  on the D T A ,  due to mel t ing o f  the residue,  are in 
agreement  wi th  the l i tera ture  da t a  for  the bora tes  MzO " BzO3 [3] (Table  2). 

In  the  case o f  the a m m o n i u m  compounds ,  a m m o n i a  is spli t  off toge ther  wi th  
the crys ta l l iza t ion  water;  af ter  the ox ida t ion  o f  the organic  mat te r  only  b o r o n  
oxide  remains .  

In  some cases one or  an  o ther  stage o f  the dehyd ra t i on  is absen t :  e.g. the 
e th r io lbora tes  o f  l i thium, sod ium and  po ta s s ium and  the me th r io lbo ra t e  o f  sod ium 
do no t  fo rm dimers  on hea t ing  (Fig.  3). This is p roved  by  the I R  spectra  of  the 
i so la ted  in termedia tes ,  the OH-s t re tch ing  abso rp t ion  band  being present .  In  the 
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and ethriolborates 

Stage I I  o f  weight loss Stage I I I  o f  weight loss 

t ~ Obtained Calculated ~/o Obtained Calculated 
according t~ according 

to 2 ~ to 3 

200--275 

210--300 

160--200 
50--210 

110--250 
190--280 

20.63 

20.21 

19.24 
20.55 

18.53 
12.00 

20.13 

20.46 

18.04 
20.04 

18.87 
10.99 

275--520 
240--690 
300--580 
300--450 
200--580 
218--880 
280--580 
280--485 
300-- 600 
340-- 540 
250-- 620 
280-- 620 

72.50 
70.23 
62.36 
79.56 
55.80 
62.73 
73.98 
72.50 
60.39 
83.58 
62.78 
54.88 

72.19 
70.46 
63.59 
79.76** 
55.35 
61.46 
74.22 
72.12 
60.45 
81.29"* 
63.74 
54.63 

*) Calculated according to NH4[RC(CH~O)3B(OH)] "nH20-+ 
--~ NH~ q- nH20 q- H[RC(CH20)3B(OH)] 

**) Calculated according to NH4[RC(CH20)3B(OH)] " nH20--+ 
2NH 3 q- mCO 2 q- (2n + q)H20 -}- B20 a 

Table 2 

Melting points of the residues after heating of the boron complexes 
containing methriol and ethriol 

Cation 

Li 
Na 
K 

t ~ of  the endothermic minima 

Methriol- Ethriolborates 
borates 

850 850 
970 970 
950 955 

Melting point  
of  the 1 : 1 
borates [3], 

~ 

849 
967 
950 

case of  l i th ium methr io lbora te  and  s t ron t ium methriol-  and  ethriolborate,  the 
first stage of  the thermal  decomposi t ion  is missing (.Fig. 1). The crystall ization 
water is spl2~ off together with the condensa t ion  water. This fact is confirmed 
by the I R  spectra: the absorpt ion  band  of  the OH-group  does no t  appear  in the 
IR  spectrum of  the product  isolated after heating. 

In  the case of potass ium methr io lbora te  and  ba r ium methriol-  and  ethriolborate 
all three stages of decomposi t ion  ment ioned  above are present  (Figs 2 and  4). 
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Table 3 

Analysis of boron complexes with triols 

Formula  

c %  

Obtained 

from the micro- calculated 
Ta curve analyti- 

cally 

error 
% 

Na [C2HzC(CHzO)3B(OH)] "3HzO 
Li[C~HsC(CH20)3B(OH)] �9 1.5H20 
K[C2HsC(CH=O)3B(OH)] �9 0.5H=O 
Sr [C~HsC(CH20)3B(OH) ]2 "4H20 
Ba[C2H~C(CH~O)3B(OH)]2 �9 2H20 
Li[CH~C(CHzO)3B(OH)] �9 1.5HzO 
Na[CH3C(CH20)3B(OH) ] �9 3Hz O 
K [CH3C(CH20)3B(OH)] �9 2H20 
Sr[CH3C(CH20)3B(OH)] 2 - 4H20 

30.7 
37.2 
34.7 
29.17 
29.40 
33.36 
27.00 
27.59 
26.62 

30.41 
37.76 
35.14 
30.20 
29.60 
33.45 
27.26 
27.44 
26.62 

30.53 
37.35 
34.79 
30.17 
29.33 
33.57 
27.05 
27.29 
26 71 

+0 .56  
- -  0.40 
- -  0 . 2 5  

--1.56 
+ 0.24 
--0.63 
--0.19 
+ 1.47 
--0.37 
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Fig. 4. TG, DTG and DTA of barium ethriolborate Ba[CzHsC(CH~O):~BOH ] �9 2H O 
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Na[C2HsC(CHzO)3B(OH)]  - 3H20 
Li[C2HsC(CH20)3B(OH)]  �9 1.5HzO 
K[CzHgC(CH20)aB(OH)]  �9 0.5HzO 
Sr[C~HzC(CH20)3B(OH)I 2 �9 4H=O 
Ba[C2HzC(CHzO),B(OH)]  ~ �9 2H20 
Li [CHzC(CHaO)3B(OH)  1 " 1.SHad 
Na[CHaC(CH~O)~B(OH)]  " 3H20 
K[CHaC(CHzO)zB(OH)]  - 2H20 
Sr[CHzC(CH~O)B(OH)]z  " 4HzO 

from the 
Ta curve 

Residue after heating, 

Obtained 
calculated 

titration* BzO3-bM20 
(Mo) ]3~Oz and 

M20 ( M O )  

27.50 27.99 
26.02 26.00 
39.61 39.51 
37.22 36.99 
45.12 44.73 
27.50 27.70 
29.77 29.65 
37.64 37.16 
38.35 

27.83 
26.17 
39.55 
36.26 
45.37 
27.81 
29.64 
37.22 
38.54 

e r r o r  

% 

--1 .36 
--0.37 
4.0.15 
4.2.15 
--0 ,55 
- -1 .12 
4- 0.44 
4.1.13 
- -  0.49 

* B20~ and  MO(M~O) were determined separately by ti tration. 
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Fig. 5. Dehydra t ion  of  methr io lbora tes  and the I R  spectra of  the dehydrated produc ts  
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The dehydrated products can be isolated, together with the dimers (IV), after 
heating. The probable structure of the dimeric anion is the following (IV): 

/ C H 2 0 ~  / O H ~ C \  
R -  C - C H ~ O - B - - O - B - O H 2 C - C - R  

\OHIO/ 
IV 

It was mentioned above that the salts of'the complex methriol- and ethriolboric 
acids decompose to borates on heating, although the dissociation temperatures 
of the corresponding carbonates are higher than those attainable by means of the 
derivatograph. However, the less volatile boric acid evolves CO2 from the car- 
bonates [4]. 

The TG, DTG and DTA curves of compounds of this type allow a fast full 
analysis of the compound: 

1) The weight loss in the first stage gives the crystallization water content. 
2) The difference between the full weight loss and the weight loss in the first 

stage gives the organic content, from which the carbon content may be calculated. 
3) The residue gives the sum of metal oxide and boron oxide contents. 
The results of the analysis calculated from thermal analysis are listed in Table 3 

and are in good agreement with the theoretical values. 
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