
Introduction

Thioproline (C4H7NO2S) is an analog of the proline

which is an amino acid necessary to body. The experi-

mentation indicated it possesses some special func-

tions as prolonging body life, controlling medicament

toxicity and catalyzing plant growth, and in particu-

lar, function as anticancer drugs which can make can-

cer cell reverse to normal cell [1–3]. Moreover, it has

indicated low-toxicity and the property of tranquiliz-

ing the patient after his treatment in the clinic test. On

the other hand, the complexes of thioproline with rare

earth salts possess have the functions of strengthening

its fat deliquescence, reinforcing osmosis for mem-

brane and improving pharmacologic effect etc. [4–7].

So it is very interesting to make research on and

exploiture of the thioproline, which has become a

hotspot [8] in the cross field of chemistry and biology

since the eighties of the twentieth century when it was

first reported. But those researches were just about the

synthesis, properties and pharmacologic effect of

thioproline and its complexes. The combustion en-

ergy and the standard molar enthalpy of combustion

and the standard molar enthalpy of the formation of

thioproline have not yet been reported. Obviously, it

is necessary to obtain their basic thermodynamic data

as the gist and basis for theoretical researches and in-

dustrial designing when they are synthesized and de-

veloped industrially. In the paper, combustion energy

of thioproline has been determined by using a rotat-

ing-bomb calorimeter. The standard molar enthalpy

of combustion and the standard molar enthalpy of the

formation of thioproline have been calculated.

Experimental

Chemicals and instruments

L-Cysteine (s) (obtained from Shanghai Reagent

Company) used was of analytical reagent grade, a pu-

rity >99.5%. Benzoic acid (obtained from Shanghai

Reagent Company), calorimetric primary standard of

purity >99.999%, was dried in a vacuum oven for 6 h

prior to the use.

Elemental analyzer (Perkin-Elmer 2400 CHN,

USA), FT-IR spectrometer (Avatar 360, with KBr

pellet, USA), differential thermal analyzer

(CDR-type 1, China), precision rotating-bomb calo-

rimeter [9] (RBC-type 2, Northwest University,

China, a calorimetric system that is calibrated by ben-

zoic acid with standard calorific value prior to use and

the basic experimental procedures used in this investi-

gation have already been described [10]. The initial

temperature was 25.0000±0.0005°C, and the initial

oxygen pressure was 2533.125 kPa).

Preparation of sample

Thioproline (C4H7NO2S) was prepared with L-cysteine

according to the method given [11]. The sample was ob-

tained by thrice repeated crystallizations in distilled wa-

ter. Elementary analysis, melting point (capillary tube

method), specific rotation and IR spectra of the product

were studied. The results are shown in Table 1. The dif-

ferential thermal analysis (DTA) curve of the compound

was determined with CDR-1. The results indicating that

thioproline is melted and decomposed and showed one

framework rupture endothermic strong peak at 203°C.

These results are identical with [11, 12]. The product
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was proved to be pure thioproline. The consistency of

thioproline was determined to be 1.425 g cm–3 by using

a pycnometer in contrast with ethanol. The mass of the

sample in air is corrected as the mass of the sample in

vacuum by the consistency value.

Calculation of the energy equivalent of the
RBC-type 2 calorimeter

The energy equivalent of the RBC-type 2 calorimeter

was calculated according to the equation:

W
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where W (J K–1) is the energy equivalent of the

RBC-type 2 calorimeter, Q (J g–1) is the combustion

energy of benzoic acid, a (g) is the mass of deter-

mined benzoic acid, G (0.9 J cm–1) is the combustion

energy of Ni–Cr wire for ignition, b (cm) is the length

of actual Ni–Cr wire consumed, 5.97 (J mL–1) is the

formation enthalpy and solution enthalpy of nitric

acid corresponding to 1 mL of 0.1000 mol dm–3 solu-

tion of NaOH, c (mL) is the volume of consumed

0.1000 mol dm–3 solution of NaOH and �T (K) is the

correct value of the temperature rise

�T=�Ttest+�(�T), where �(�T) denotes the correct

value of the heat exchange.

Correction of the heat exchange

The correction of the heat exchange was calculated by

the Eq. [12]
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where �(�T) denotes the correct value of the heat ex-

change, n is the number of readings for the main (or

reaction) period, V0 and Vn are the rate of temperature

changes at the initial and the final stages respectively

(V is positive when temperature decreases), Q0 and Qn

are the average temperatures of the calorimeter at the

initial and the final stages respectively (average tem-

perature for first and last readings), T0 is the last read-

ing of the initial stage, Tn is the first reading of the fi-

nal stage, Ti

i

n

�

�


1

1

is the sum of all the readings except

the last one of the main period.

Results and discussion

Calculation of the energy equivalent for the
calorimeter

The calorimeter RBC—type 2 was calibrated by ben-

zoic acid of purity 99.999%. Benzoic acid has an iso-

thermal heat of combustion at 298.15 K of

–26434.0±5.8 J g–1. The calibrated experimental re-

sults are summarized in Table 2. The uncertainty is

0.16%.

Combustion energy of the thioproline

The method of combustion energy determination for

the thioproline is the same as for the calibration of the

calorimeter with benzoic acid. The thioproline masses

were determined in vacuum. The combustion energies

of the thioproline were calculated according to the

formula

� �
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Table 1 Melting point, specific rotation, elementary analysis and major IR spectra date of thioproline

M.P./°C [.]D

20/° C/% H/% N/%
�N–H/
cm–1

�N–H/
cm–1

�asCOO–/
cm–1

�sCOO–/
cm–1

Literature [11, 12] 196–197 –100 36.06 5.26 10.52 3058 16.32 1556 1434

Test 196–197 –100 36.04 5.28 10.49 3053.27 1627.30 1554.94 1431.80

Table 2 The experimental results of the energy equivalent of the calorimeter

No.
Mass of benzoic

acid a/g
Heat of combustion

wire qc/J
Heat of acid containing

nitrogen qN/J

Calibrated
�T/K

Energy equivalent of
calorimeter W/J K–1

1 0.76823 10.80 23.96 1.1281 18032.22

2 0.80052 12.60 25.22 1.1783 17990.98

3 0.86965 12.60 22.70 1.2808 17975.97

4 0.81237 11.70 23.06 1.1959 17985.58

5 0.80250 12.60 24.28 1.1802 18005.55

6 0.79825 12.60 24.03 1.1734 18013.95

avg. 18000.71�8.42



where –�cU kJ mol–1 denotes the constant-volume

combustion energy of the thioproline, M is the molar

mass of the thioproline and m (g) is the mass of the

thioproline. The other symbols are as in Eq. (1). The

results of the calculations are given in Table 3.

Standard combustion enthalpy of the combustion
energy of thioproline

The standard combustion enthalpy of the combustion

energy of thioproline � c mH � refers to the combustion

enthalpy change of the following ideal combustion re-

action at 298.15 K and 101.325 kPa.
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23
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The standard combustion enthalpy of the above

thioproline was calculated on the bases of the com-

bustion energy according to the equation

� � �c m cH U RT n� � � (4)

�n = ngas (products) – ngas (reactants)

where ngas is the total amount (in moles) of gas present as

products or as reactants, R 8.314 J mol–1 K–1 T 298.15 K.

The result of the calculation is to be � c mH � [C4H7NO2S, s,

298.15 K]= –(2469.92± 1.44) kJ mol–1

Standard molar enthalpy of the formation of
thioproline

The Standard molar enthalpy of formation of

thioproline was calculated according to Hess’s law to

the thermochemical equation:
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According to Ref. [10],

� f mH � [CO2, (g), 298.15 K] = –(393.51±0.13) kJ mol–1

� f mH � [H2O, (l), 298.15 K] = –(285.83±0.042) kJ mol–

� f mH � [SO2, (g), 298.15 K] = –(296.81±0.02) kJ mol–1

The Standard molar enthalpy of formation of

thioproline is obtained:

� f mH � [C4H7NO2S, (s), 298.15 K] =

–(401.33±1.54) kJ mol–1.
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Table 3 The experimental results of combustion energy of thioproline

No.
Mass of thioproline

m/g
Heat of combustion wire

q/J
Heat of total acid

qN/J
Calibrated

�T/K
Combustion energy of

thioproline –�cU/kJ mol–1

1 1.00326 12.60 2090.38 1.1502 2469.10

2 0.97360 11.70 2028.58 1.1140 2463.77

3 0.98262 12.60 2047.37 1.1288 2474.59

4 0.98437 10.80 2051.02 1.1291 2470.67

5 1.00169 12.60 2087.11 1.1480 2468.14

6 1.00031 12.60 2084.23 1.1470 2469.54

avg. 2469.30±1.44
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