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Enthalpy of formation of L-serine in the solid state 

Carving on osr studies on thermochemical properties of nitrogen compounds, 
WC report hcrc the cnthalpy of combustion and formation of crystiline L-serine. 
&spire its bioio@cal importance, no thermochemical data have been reported for 
the compound except in the pper of Hutchcns et al.’ where an estimated value cf 
df1: (c: 298.15 K) is given. Such data will be necessary if quantitative studies on 
energctics of biochemical reactions are made. 

The ap~nrus and experimental procedure arc similar to those described 
previously’ except: the outer jacket tempcnture which is now controlled by an 
elmronic rqulator to -i_ 0.002’C at 24_78’C_ The samples wen: burnt in a Parr 
1004 C stainless-steel combustion bomb with platinum Jining. The internal volume 
of the bomb is 330.6 ml. This bomb was initially filled with oxygen at 30 atm. Air 
Liquide ulrrahi$h puriiy grade oxygen (N 45) was used wirhouf further frea&ment_ 
TJE sampIe pellets were weieed to an accuracy better than 0.005 mg and corrections 
for nir buoyancy applied. 

10 ml of water were phced in the bomb and a cotton tiread was used as fuse, 
its hea: of combustion has been found to be - (I 6.502 & 0.011) kJ g- ’ (mean and 
standard d&&on). 

The extent of combustion was based on the mass of the sample. AJi calcuhtions, 
including conversion of time and temperature measurements to initiaJ and final 
temperature, correction for heat exchange bctwecn calorimeter and jackel and 
reduction to the standard sta?.e, wcrc cartied out with a computer_ The computer 
progzzmme followed the pr<Kxdure of Hubbard et aL3_ 

B I a&vials 

L-serine was obtained from Koch&&t and had a claimed purity better than 



193 

99%. It was further purified by recrystallization from its aqueous soIution and dried 
under vacuum (P 0 10’ ’ Torr) until the weight loss of Lhe sample \k’iis ne.@eligible. 

The caiorimetcr was caiibnted with txmzoic zcid, NBS sample 39i, which had 
a heat of combustion AU: (c) - - (26.414 i 0.003) kc g- ‘. 

RFSULI-S 

Units of measure ad auxifiary quan firifs 

All data reported are based on the 1973 atomic weights4. For reducing weights 
in air to weights in vacuum and correcting to standard states, the values for density p, 
specific heat cp and (&/ZP)~ for the substances were summarized in Table 1. 

TABLE I 

SWYUCAL PWWERT’IES FOR TifE SURSTANCFS AT %%.ls K 
. . _-.._._ -- _.._ -_. ._._- __--_.. -. . . .____ . .__ _ . -._.. . . -. -_ 

Suhsrance P(X ml-‘1 cp(J K 2 g-‘) . (~u~~#7)r~:(3urnr ‘g-1). 
. ..-,- -. . -mm. .-.----_ --.. . _-._-_-_. . _ ._.._.-_ _. ---_.--.- 

L-ScrinC I .%I 1.331, (0.0 13) 
Fknznic tid 1.320 1.209 0.013 
FIKC 1.5 1.7 0.029 

..-.-. . ..-. __ .-. -. . .-. .- -. -_-.._-.._--_- ..-_. .._..__.. _ _ . . . 

a 1 arm 101.325 k Pa. 

The density of J,-scrine was measured with a pycnomcter filled with oil. The 
specific heat value of L-serine was measured using the drop method and a Tian- 
Caivet calorimeter. The value of (&,$?& in parentheses is estimated. All other 
values are taken from the iilerature. 

Catorinzefric redts 
The apparent cnerw equivalent of the calorimeter U (calor.), was determined 

from twelve calibration runs. The avenge value was (15108.2 5 1.7) II K’ 1 where the 
uncertainty is expressed as the standard deviation of the mean. Ten satisfactory 
combustion experiments were obtained for L-scrine, -some of them were carried out 
in the presence of benzoic acid as an auxiliary material. No differcncc was observed 
in the results (Table 2). Another observation was done. Since the rise of temperature 
dl‘ for a run is included in the value of d T obtained in calibration experiments, there 
is apparently no effect on the result if initial and !inal temperatures are not the same 
for ail runs. 

Derived results 

Vaiuti of the tnthaipy of combustion AH: (c, 298.15 K) derived from the mass 
of the sample and current best values5 of the enthalpies of formation cf gaseous 
carbon dioxide [AH: &, 298.15 K)] .= - (393.51 -i_ 0.13) kJ mol’ L and liquid water 
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[AH; (1, 298.15 K)] = - (285.830 + 0.042) kJ mol” were rombined to derive 
values of the enthalpy of formation i.n the condensed state dI!#’ (c, 298.15 K). Thcsc 
are listed in Table 2. 

The authors thank Mr. Nguon Song Ngauv for his density measurements. 
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