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Tris(dimethylamino)phosphine oxide ([(CHa)2N].aPO, also known as 
phosphoryl triamide or hexamethylphosphorotriamide (HMPT)) is a basic 
high-dielectric solvent with a long liquid range (pKo< 1.6 at 25°C [1]; 
• = 29.4 [2]; m.p. = 70C; b.p. = 231°C). Its physical constants [3-10], i.e. 
enthalpies of formation and vaporization, heat capacity, d~r;sity, viscosity 
and dipole moment,  have been determined. In particular, the thermo- 
dynamic excess functions in water mixtures, i.e. volume [5], heat capacity 
[5], enthaipy and entropy [11], have been interpreted in terms of a very 
strong w a t e r - H M P T  interaction. Surprisingly, no enthalpies of solution in 
water at high dilution have been reported, the lowest concentration in the 
enthalpy of mixing study [11] referred to above being approximately 4.4 M. 

This note reports the enthalpies of solution of HMPT in water at 
298.15 K from 0.006 to 0.026 M, together with an extrapolated value at 
infinite dilution. 

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

Materials 

HMPT (Aldrich) was purified by two distillations under reduced 
pressure in nitrogen, retaining the centre fraction (89°C, 3 mmHg) in e a c h  
case, similar to the procedure of Jose et al. [12]. The purified material was 
protected from light [13], and stored as a solid at 4°C. It exhibited a single • 
sharp feature at 23.98 ppm in its 31p magnetic resonance spectrum using 

* Corresponding author. 

0040-6031/93/$06.00 (~) 1993-  Elsevier Science Publishers B.V. All rights reserved 



324 H.M.A. AI-Maydama et al./Thern~ochim. Acta 217 (1993) 323-325 

85% H.~PO4 as ex te rna l  s t andard ;  the  l i t e ra tu re  shift  is 24 p p m  [14]. H M P T  
is res is tant  to hydrolysis  [15] and  a t t e m p t s  to ana lyse  a h y d r o l y s a t e  af ter  
d ige s t i on  in 5 M HCI  were  unsuccessfu l  owing  to l imi ted  reac t ion .  

C a l o r i m e t e r  

A purpose -bu i l t  twin so lu t ion  c a l o r i m e t e r  was  used and  o p e r a t e d  in the 
i soper ibol  m o d e  at 298.15 K [16]. T h e  c a l o r i m e t e r  had  b e e n  p rev ious ly  
checked  [17] by m e a s u r i n g  the  e n t h a l p y  of  neu t ra l i za t ion  of  tris- 
[ ( h y d r o x y m e t h y l ) a m i n o ] m e t h a n e  ( T H A M )  in excess 0.1 M HCI .  T w o  fu r the r  
d e t e r m i n a t i o n s  of  this e n t h a l p y  we re  m a d e :  29.80 kJ moi  -z (n = 1955) and  
29.80 kJ  mol  -t (n = 1876); n is the  m o l a r  ra t io  of  w a t e r  to T H A M .  Prosen  
and Ki lday  [18] o b t a i n e d  - 2 9 . 7 7  4- 0.03 kJ  m o l  -z (n = 1345) for  this react ion.  

RESULTS AND DISCUSSION 

Six sepa ra t e  m e a s u r e m e n t s  o f  the  e n t h a l p y  of  so lu t ion  in 1 0 0 c m  a of  
de ion ized  Water were  m a d e  and  the  resul ts  are  col lec ted  in T a b l e  1. 

C6H,sNzPO(I )  + n H 2 0 ( l ) =  C ~ H , s N a P O n H 2 0 ( s l n )  (1) 

T h e  resul ts  in Tab le  1 regress  sa t is factor i ly  (r 2 =  9 7 % )  y ie ld ing  eqn.  (2) 
w h e r e  the  unce r t a in ty  in terva ls  a re  two  s t a n d a r d  dev ia t ions  o f  the  
regress ion  coefficients and  c is the  concen t r a t i on .  

- A H l / k J  mo l  -t = (50.03 + 0.04) - (13.7 + 2 . 2 ) c / M  (2) 

A t  infinite d i lu t ion (c = 0), this express ion  indicates  the  e n t h a l p y  of  
so lu t ion  is --50.03 4- 0.04 kJ  mo l  -I .  This  la rge  va lue  suppor t s  the sugges t ion  
of  a s t rong  H M P T - H 2 0  in te rac t ion .  T o  v iew this resul t  in pe r spec t ive  the  
va lue  falls b e t w e e n  the  c o r r e s p o n d i n g  va lues  for  HaPO4(i)  ( - -26 .8  kJ  m o l - , )  
and  H2SO4(I)  ( - 9 5 . 3  kJ mol-1) .  

TABLE 1 
Masses, concentrations of the final solutions, mole ratios and enthalpies of solution for 
HMPT in water at 298.15 K (reaction (1)) 

m ° (g) 102c (M) n ~ -AHt (kJ mol-') 

0.10705 0.597 9292 49.93 
0.22525 1.257 4416 49.86 
0.29783 1.662 3340 49.81 
0".34491 1.925 2884 49.79 
0.39764 2.219 2502 49.72 
0.46560 2.766 2007 49.63 

Mass in vacuo; p = 1 . 0 2 0  g c m  -'~ [2]. h The 
. .  . 

mole ratio of water to HMPT (see reaction (1)). 
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