
THERMODYNAMIC PROPERTZES OF ACETALDEHYDE 

[Received. September 14, 19673: 

The thermodynamic pmperties-entropy and mthzlpy-of :tceialdehyde haw 
been computed for the temperature range 253.32 to 800 OK ana For tbc pressure 
mnge 3.0 t o  300 am. A temperaturc.cntropy dragrarn based on aha dats is 
grercoted. 

The common thermodynamic properties of acetaldehyde arc not availdblc 
in the literature. In the present study volume, entropy and anthalgy of 
acetaldehyde (mot. wt. 44.052) have been computed for  he saturated fiaponr, 
saturated liquid and superheated gaseous regions. 

Compressibility dota. Maass and ~ o o m e r '  determined liquid density for ' 
the temperature range27325 to 323.16 OK. As no orhas data are available fop 
the gaseous rcgiou, the modified Martin and ~ o u *  equation of state was used 
For evaluating the PVT data in this region. The constants of this equatpn 
weso evaluated from the available vapour pressure data and the criDcai 
soustants. 

Speci$c heat of superheated gas. The specific heat of acetaldehyce a t  
sonstnnt pressure has beca determined by smith3 and Pirzer and V/elt~er% 
In the present study, the specific heat of real gaseous acetnldehydeit a 
constant pressure of 1.18 atm.-the correspondiug vapour prebsure at 298.162~ 



--has been celculst& using :be specitlc heat q u a ~ i o n  for i&al gas with [he 
B-_~:.LI~;~I coircc:ion 2.5313 (RT:/P,T', P. 'Ex LODS!-!L?S of il.e ideal r-a 
p;quiiIcil 

c; -A+BT'+ C T ~ ~ . D T ~  

which firs the corrected data of Pitzer altd weiti%ei4 with an  average deviation 
of 0 14 per cent. 

Vqolar Pr~ssurr. Kirk a r d  0thmerS reported vapour pressure data in 
thz rempzraturo r'npe 253.15 to 373.S6 O K .  In, the present study thz 
srnoorheneo vniues rzporied by Kirk and 0thmer5 have oeen used, and hare 
teen fitted to  au ern)?-ical equation. 

with nn average deviation of E.6? per cent. 

L ~ e n ?  heat of vq?orizerion. Kirk and Oihmers reported i a tmt  heat o l  
vaporiz~tion at one temperature. I n  the present study, the  latent h?at OF 
..: 2 ' . . . : I - , :  ,*as calculated From Clapeyron equation ming lbe vapour pressure 

equaiion reported above and the accepted values of saturated vapour and 
!iquid co!omea. 

N o r m i  Sor'llri$ point atid eriricnl constonls. Prom the values reported 
by variolas e u t h o r ~ " . ' ~ ~  the fidlowin_g have been accepted for the present stud) : 

Normal boiling p o h t  293.32 =K 

Critical pressure - 63  2 a h .  

~ d o m  the corrclstim suggested by Kulkarni-Jalkar and ~axmina ra~anso"  
?ha critical volume for acetaidehyde was calcuiated as 0.1555 lirres/'rnole. 

Specific vohme of soriirafed liquid md Y ~ ~ O U P  phase dn eq~jlihrSim. 
E x ~ a i m e n t s l  liquid density for the temperature range 273.26 to 323.16 
has been reported by Maass and Boomer'. In  the present stud? the  saturated 
vapour volunlr; was calculated using the modified Martin-Eon equationZ. 



cslcuktrte d;ind ;cpoittd vaiires' w x e  plotlcd and a smooth curve was drawn. 
The smnot!>enec' v ~ l u c s  which  foi?ow the  law of rectiliuear diamcias have 
been used in the prcseilt atudy. 

Culida:im of tk~mui l jwnrn ic  ftarrcfions in the h o r x o g ~ i ~ ~ ~ ~ i s  wgimz )>om 
rkz PYT data, Absolute entropy a l  298.16 O K  was calculated by applying 
tiis Ber:helat correction to  the i a k !  entropy reposted by Piizer and ~ e l t n e r ' .  
Absolute en:halpy at T9a.iu' 'i(l was caicuiaieii' ifom t k e  i d 4  beat content 
value4 and heat of formation at 0 k 4  af ter  app:yEnz the Berchelot correction. 
The values for cniropy and  enthslpy at  598.16 'EC and 1.18 arm., the vapolir 
pressure a t  29R.16 OK, thus obtained, rre 63.04 wl./mole OK. and - 34928.4 
cai  /mole, respectiveiy. 

T h e  enlropy and enthzlpy vai t~es  of 1.18 airc. jruhar awe calculated 
fo1low;ng the same mtherrraticni t remnent  a s  311 the  case oC n-butan"'. 

The modified Martin and Ron equniionz Is, 

The entropy and e n t b d p y  vsiues for the saruratcri v a p o r  and liquid, 
calculated as in the case of n-octsnc9, arc given in Table I. 

D!scussion. The thermodynamic properties of acetaldehyde computed for 
the pressure rang? 1 lo 300 aim. and the temperature range 293.32 to 800 OK 
are given in Tables I t o  lV*. The iemperature-entropy diagram is shown in 
Fig. 1.  As the; Martin-Hon eqoatioa of slate yields rclia ble PVT data in the 
superheated and  saturated vapoos region for a number of sobstances and as 
only vapour pressure data and critical propertizs are  needed For evaiusting the 
coefficients of this equzlion, it was used in the present caso for evaluation of 
the PZT data with the assumption that the equation would hold good for 
acztaldehyde ako.  A check by the usual methods shows the data in Tables 11, 
141 and IY to bs internally consistent. 

"Complete lubokx matcrisl san be oblairaed Irom the authors 
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