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T H E R M A L  I N V E S T I G A T I O N  OF POLYOLS 

I. HEXITOLS AND PENTITOLS 
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The thermal behaviour of D-mannitol, dulcitol, D-sorbitol, the semihydrate of 
D-sorbitol, L-arabitol, xylitol and ribitol was investigated by means of differential 
thermal analysis and a derivatograph. AII these polyols are stable up to 200--250 ~ 
The endothermic peaks on the DTA curves at lower temperatures are due to melting. 
These effects are not accompanied by an increase in the electric conductivity. The 
hexitols decompose endothermally at boiling above 200--250 ~ the majority of the 
decomposition products boil out, and the residue is oxidized. The beginning of the 
decomposition of the pentitols is accompanied by an exothermic peak. 

There are very few data in the literature concerning the thermoanalytical proper- 
ties of polyols. Only the thermal decomposition curve of D-sorbitol is known [1 ]. 
For this reason it seemed useful to investigate systematically the behaviour of  
various polyols on heating. The present paper deals with the thermal investigation 
of some hexitols: D-mannitol,  dulcitol, D-sorbitol ( I - I I I ) ;  and pentitols: L-ara- 
bitol, ribitol and xylitol ( I V - V I ) .  The melting points of  these compounds are 
known (Table 1). D-sorbitol exists as the anhydrous compound [2] (m.p. 92 ~ and 
as semihydrate [3] (m.p. 75~ The existence of a third form, the monohydrate,  is 
doubtful [4]. It  is noted that D-mannJtol sublimes at 130 ~ [6]. Dulcitol, L-arabi- 
tol, ribitol used for investigation were supplied by "Chemato l ' ,  Czechoslovakia. 
The D-sorbitol was of "clean" grade; the semihydrate was prepared by recrystal- 
lization of D-sorbitol f rom water or alcohol. D-mannitol  ("clean for analysis") 
was recrystallized. The stable modification of xylitol was prepared by recrystal- 
lization of the commercial product from water at 45 ~ 
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Table 1 

Melting points of polyols 

Substance 

D-manni to l  
Dulcitol 
D-sorbitol  
D-sorbitol,  semihydrate 
L-arabitol  
Xylitol 
Ribitol 

Empirical 
formula 

C6H1406 
C~H1406 
CGH1406 
C6H1~O~" 1/2 H20 
C~H120~ 
C5H205 
C5HI205 

m.p. ~ 

determined 

166 
189 

91--93 
75 

103 
91 

101 

reported 

165.9 
189 

90 
75 

102-- 103 
93--93.5 
102 

Reference 

[6, 8] 
[71 
[2l 
13] 
[8] 
[10] 
[9] 

Thermogravimetric (TG) and derivative thermogravimetric (DTG) curves were 
taken by means of a Paulik-Paulik-Erdey Derivatograph, using 0.1 - 0 . 2  g samples 
in the smallest platinum crucible. The heating rate was 12 ~ per rain, the atmosphere 
was air, the temperature was measured in the sample, and the reference substance 
was A120 3. The differential thermal analytical (DTA) and electrical conductivity 
(TE) curves were taken simultaneously on an NTR-64 apparatus under the same 
conditions. TG, DTG,  DTA and TE curves are presented in common figures 
(Figs 1 - 7 ) .  

As follows from Figs 1 - 3 ,  all the hexitols investigated are stable on heating 
up to 200-250  ~ (240 ~ 250 ~ and 200 ~ for D-mannitol, dulcitol and D-sorbitol, 
respectively). 

At lower temperatures, only the endothermic minima due to the melting of the 
substances are observed (165 ~ 190 ~ and 90 ~ for D-mannitol, dulcitol and D-sorbi- 
tel, respectively). Sublimation of D-mannitol at 130 ~ was not observed. 

The water of crystallization of the semihydrate of D-sorbitol disappears slowly 
above the melting temperature (75 ~ ) on heating from 160 ~ to 250 ~ (Fig. 4). The 
melting processes of the hexitols are not accompanied by an increase of the electric 
conductivity, which indicates the non-ionic nature of the molten substance. 

Only the loss of the water of crystallization of the semihydrate of D-sorbitol 
is accompanied by an increase in the electric conductivity of the sample. 
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Fig. 1. TG, DTG, DTA and electrical conductivity curves of D-mannitol 
(Sample weight 130 rag) <80o ~_.___.. I~... 

~ 700 

...I~ 'n~ !f~ ~ ~_ 
=~! . . . . . . . . .  ~, ::, 

4o0 ;/~ 

I t;! 
,"": ..................... /-I~o~ ............. 

2oo I I !  ~ 
/~%oo I! 

E ~ooi- / I i 
n i T~-'~'~ _ . ~355~ 

40- 

,~ o o -  | 
80 I �9 

I I00 ~k~,,,,,,.., I00 01= 

1120 ] [ I ' 
10 20 30 40 50 

Time) rain 

Fig. 2. TO, DTG, DTA and electrical conductivity curves of dulcitol (Sample weight 270 rag) 
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Fig. 3. TO, DTG,  D T A  and electrical conductivity curves of D-sorbitol 
(Sample weight 120 rag) 
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Fig. 4. TG, DTG,  D T A  and electrical conductivity curves of D-sorbitol semihydrate 
(Sample weight 125 mg) 
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Fig. 5. TG, DTG, DTA and electrical conductivity curves of xylitol (Sample weight 175 mg) 
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Fig. 6. TG, DTG, DTA and electrical conductivity curves of ribitol (Sample weight 119 rag) 
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Heating above 200 -250  ~ for each compound leads to an endothermic effect 
on the DTA curve, and a weight loss and extremum on the DTG curve due to 
the decomposition of the substance and boiling. This process is accompanied by 
an increase of the electric conductivity. The majority of the decomposition prod- 
ucts (~  90%) boil out, and the residue is oxidized to COz and H20 in an exo- 
thermic reaction (peaks on the DTA curves at 550 ~ 400 ~ and 440 ~ for D-mannitol, 
dulcitol and D-sorbitol, respectively). 
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Fig. 7. TG, DTG,  DTA and electrical conductivity curves of L-arabitol  
(Sample weight 140 mg) 

The pentitols (see Figs 4 - 7 )  were also shown to be stable on heating up to 
230 ~ (230 ~ 230 ~ and 205 ~ for xylitol, ribitol and L-arabitol, respectively). The 
endothermic minima of melting are observed on the DTA curves at 95 ~ 104 ~ and 
103 ~ for xylitol, ribitol and L-arabitol, respectively. 

In contrast to the hexitols the decomposition in this case is accompanied by an 
exothermic maximum (330 ~ 300 ~ and 310 ~ for xylitol, ribitol and L-arabitol, 
respectively). 
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Rt~SUMI~ -- On a suivi par ATD et ~t l'aide d 'un derivatograph le comportement thermique 
des polyalcools suivants: D-mannitol, dulcitol, D-sorbitol, D-sorbitol h6mihydrat6, L-arabitol, 
xylitol et adonitol. Tous sont stables jusqu'5 200-250~ Le pic endothermique qui apparait 
sur la courbe d 'ATD h plus basse temp6rature est dfi h la fusion. Celle-ci ne s 'accompagne pas 
d 'un accroissement de la conductivit6 61ectrique. Les hexitols se d6composent endothermi- 
quement avec ~bullition simultan6e au-dessus de 200--250 ~ et ~limination de la majeure 
partie des produits de d6composition; le r6sidu est oxyd6. La d6composition des pentitols 
s 'accompagne au d6but d 'un effet exothermique. 

ZUSAMMENFASSUNG - -  Das thermische Verhalten von D-Mannitol,  Dulcitol, D-Sorbitol,  
vom Semihydrat des D-Sorbitol, yon L-Arabitol, Xylitol und Ribitol wurde differentialther- 
moanalytisch und clerivatographisch untersucht. Diese Polyole waren bis 200-250  ~ stabil. 
Die endothermische Spitze der DTA-Kurve bei niedrigerer Temperatur ist dem Schmelzen 
zuzuschreiben, welches durch kein Erh6hen der elektrischen Leitfhhigkeit begleitet ist. Hexi- 
tole zersetzen sich endotherm in/~hnlicher Weise beim Sieden tiber 200-250  ~ der gr613te Teit 
der Zersetzungsprodukte entfernt sich und der R0ckstand wird oxydiert. Der Zersetzungs- 
beginn der Pentitole ist von einem exothermen Effekt begleitet. 

Pe3ioMe - -  C IIOMOIIIbIO ]IepHBaTorpaqba rt3yqeHo noBe~leu~ie npri HarpeBau~iri ,~-MaHHnTa, 
~yJIblanTa, 2I-cop6nTa, noayrH~paxa ~-cop6rlTa, L-apa6rlTa, rcrinrlTa rI aJIOHnTa (pri6rlTa). 
Bce alH noai~oJil, i yCTOfi~IHBBI ~O 200--250 ~ 3I~IoxepMHsecI<tIe MHHI~IMyMHI Ha ~TA mlx<e ~xo~ 
TeMIIepaTypbI OTHOC~ITCA K nJiaBJieHHlo, OHa He CoIIpOBOX~alOTC~ IIOBBIIIIeHHeM ~.IIeKTpOnpo- 
BO~HOCTIr Bl~1me 200--250 ~ FeKCHTI:,I pa3JmramTcn .gH]IOTepMH~IeCKH, 6oJIHman qacTt, npo~yKTOB 
pa3sioxeH~I~ m,n(lanaey, OCTaTKPi croparoT (9K3OTepMw.IecKI4_~ MaKCIJiMyM Ha ~!!TA). Pa3JIox~enHe 
neHTIATOB COIJDOBOX</IaeTC~I aK3oTepMrI'tecKHM 3qb~beKToM. 
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