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Note

Enthalpy of formation of L-serine in the solid state
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Carrying on our studies on thermochemical propertics of nitrogen compounds,
we report here the enthalpy of combustion and formation of crystalline L-serine.
Despitce its biological importance, no thermochemical data have been reported for
the compound except in the paper of Hutchens et al.' where an estimated value cf
AH? (c. 298.15 K) is given. Such data will be necessary if quantitative studies on
energcetics of biochemical reactions are made.

EXPERIMENTAL

Adpparatus and procedure

The apparatus and experimental procedurc are similar to those described
previously® except the outer jacket temperature which is now controlled by an
clectronic regulator to + 0.002°C at 24.78°C. The samples were burnt in a Parr
1004 C stainless-steel combustion bomb with platinum lining. The internal volume
of the bomb is 350.6 ml. This bomb was initially filled with oxygen at 30 atm. Air
Liquide ultrahigh punty grade oxygen (N 45) was used without further treatment.
The sample pellets were weighed to an accuracy better than 0.005 mg and corrections
for z2ir buoyzncy applied.

10 m! of water were placed in the bomb and a cotton thread was used as fuse,
its heat of combustion has been found to be — (16.502 .- 0.041) kJ g~ ! (mcan and
standard deviation).

The extent of combustion was based on the mass of the sample. Al calculations,
incruding conversion of time and temperature measurements to initial and final
temperature, correction for heat exchange between calorimeter and jacket and
reduction to the standard state, were carried out with a computer. The computer
programme followed the procedure of Hubbard et al.>.

Materials
L-serine was obtained from Koch-Light and had a claimed purity better than
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99 9%. 1t was further purified by recrystallization from its aqueous solution and dried
under vacuum (P # 10~ % Torr) until the weight loss of the sample was negligible.

The calorimeter was calibrated with benzoic 2cid, NBS sample 39i, which had
a heat of combustion 4U? (c) == — (26.414 £ 0.003) kS g™ 1.

RESULTS

Units of measure and auxiliary quantities

All data reported arc based on the 1973 atomic weights®. For reducing weights
in air to weights in vacuum and correcting to standard states, the valucs for density p,
specific heat ¢p and (cu/cp)y for the substances were summarized in Table 1.

TABLE 1

PHYSICAL PROPERTIES FOR THE SURSTANCES AT 298.15 x

Substance plg mi) P(J K g - (Fulp)i(d amr ? g1

L-serine 1.561 1.322 (0.013)
Benzoic acid 1.320 1.209 0012
Fuse 1.5 1.7 0.029

s | aitm 101.335k Pa.

The density of L-serine was mcasured with a pycnometer filled with oil. The
specific heat value of L-serine was measured using the drop method and a Tian-
Calvet calorimeter. The value of (cuf/ép)y In parentheses is estimated. All other
values are taken from the literature.

Calorimetric resuits

The apparent cnergy equivalent of the calorimeter ¢/ (calor.), was determined
from twelve calibration runs. The average value was (15108.2 -~ 1.7) J K~ ! where the
uncertainty is expressed as the standard deviation of the mean. Ten satisfactory
combustion experiments were obtained for L-serine, some of them were carried out
in the presence of benzoic acid as an auxiliary material. No differcnce was obscrved
in the results (Table 2). Another observation was done. Since the rise of temperature
47T for a run is included in the value of 47 obtained in calibration experiments, there
is apparently no effect on the resnlt if initial and final temperatures are not the same
for all runs.

Derived results

Values of the enthalpy of combustion 4H? (c, 298.15 K) derived from the mass
of the sample and current best values® of the enthalpies of formation of gaszous
carbon dioxide [4H? (g, 298.15 K)] = — (393.51 + 0.13) kJ mol~* and liquid water
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[4H? (1, 298.15 K)] = — (285.830 + 0.042) kJ mol™ ! were combined to derive

values of the enthalpy of formation in the condensed state 4HP (c, 298.15 K). These
are listed in Table 2.
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