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Abstract

The solid copper-threonate hydrate, Cuf80s)-0.5H,0, was synthesized by the reactioniethreonic acid with copper dihydrocarbonate
and characterized by means of chemical and elemental analyses, IR and TG-DTG. Low-temperature heat-capacity of the title compound has be
precisely measured with a small sample precise automated adiabatic calorimeter over the temperature range from 77 to 390 K. An obvious proce
of the dehydration occurred in the temperature range between 353 and 370 K. The peak temperature of the dehydration of the compound has be
observed to be 369.3040.208 K by means of the heat-capacity measurements. The molar enthahpy, of the dehydration of the resulting
compound was of 16.4280.063 kJ mat?. The experimental molar heat capacities of the solid from 77 to 353 K and the solid from 370 to 390 K
have been, respectively, fitted to tow polynomial equations with the reduced temperatures by least square method. The constant-volume energy
combustion of the compound, Uy, has been determined as beinf616.15+ 0.72 kJ mot! by an RBC-II precision rotating-bomb combustion
calorimeter at 298.15 K. The standard molar enthalpy of formation of the compawH,, has been calculated to bel114.76+ 0.81 kJ mot?
from the combination of the data of standard molar enthalpy of combustion of the compound with other auxiliary thermodynamic
quantities.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction logical reagent, the complex of coppethreonate encourages
our interest.

L-Threonic acid is an important carrier of many metal ions In the present work, copperthreonate hydrate, CugEs
necessary for the life, which is intimately concerned with theOs)-0.5HO(s), was synthesized through treatment-ttireonic
biological metabolism. The compounds derived frotiireonic ~ acid with copper dihydrocarbonate and characterized by means
acid and various biological metal elements facilitate these metalf IR, TG-DTG, chemical and elemental analyses. It is more
ions combination with amino acids or proteins in the biologicalimportant that the thermodynamic properties of the compound
body and improve the efficiencies of the absorption and utilizahave been deeply investigated by adiabatic calorimetry and com-
tion of these metal ions in the biological bofy}. Copperis an bustion calorimetry.
essential trace element required for the correct functioning of
human cells, due to its implication as a catalytic component ir2. Experimental
many important enzymdg,3]. Reports abound in the literature
concerning the active role of copper complexes in the control of-1. Reagents

inflammatory diseasefd]. As a potentially chemical and bio- L-Ascorbic acid, calcium carbonate, absolutely anhydrous

ethanol, hydrogen peroxide (30 mass%), and copper dihydrocar-
* Corresponding author. Fax: +86 29 883 03798. bonate were of analytical grade purchased from Xi'an Chemical
E-mail address: gaoshli@nwu.edu.cn (S.-L. Gao). Reagent Company.
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2.2. Apparatus and analytical methods The analyses of the final gas of the combustion reaction
were referred to Refl9]. The amount of CQ(g) was deter-
C and H contents were carried out by an instrument of Varianined through the weightincrement of the tube containing alkali
EL Il CHNOS of German. IR spectra were obtained with sam-asbestos after absorbing the carbon dioxide.
ples in KBr matrix for the title complex and ligand on A BEQ  Thetotal amount of acid was obtained through titration with a
UZNDX-550 series FT-IR spectrophotometer in the range ofstandard solution of NaOH. The identity of the final solid product
4000-400 cml. TG-DTG tests were performed in a Perkin- was checked by the chemical analysis and XRD. The analyses
Elmer thermobalance under dynamic atmosphere of high puritgf the combustion products indicated that the compound was
N> (mass fraction 0.99999) with flow rate of 60&min—1and  combusted to the C£g), H-O(l) and CuO(s) under the exces-
a heating rate of 10 Kmint. The phase structure of the solid sive oxygen. The amount of N@nd CO in the final gas phase
compound was identified by a Rigua D/max-11IC X-ray diffrac- may be neglected.
tometer using Cu Karadiation. The purity of the compound  The energy equivalent of the RBC-type Il calorimeter was
was attested by an HP-1100 type high-performance liquid chrodetermined from six combustion experiments to use approxi-
matography analyzer, and the solvent was water, the rinsinmate 0.8 g of benzoic acid with a certified massic energy of
reagentwas ethanol and the column was contra-phase carbon-t8mbustion, AU = —26434+ 3J g1, under the same experi-
mental conditions to be af.5or= 18007.71 8.42 JK 1.
2.3. Adiabatic calorimetry
2.5. Synthesis, purification and characterization of the
A precision automatic adiabatic calorimeter established byample
Tan and others was used to measure the heat-capacity of the com-
pound, the structure and principle of which have been described 0.01 mol of solid calcium.-threonate, being prepared by a
in detail elsewherg5—7]. Its working temperature range was procedure given in Ref$11,12], was dissolved in 200 chof
from the low temperature of 77 K, cooled by liquid nitrogen, to distilled water, to which a solution containing 0.01 mol of oxalic
the high temperature of 390 K. Prior to the heat-capacity meaacid was added. With stirring for 1 h, a great amount of white
surement of the sample, the molar heat capacities-Af,O3, precipitation was produced in the mixed solution. The precipi-
the standard reference material, were measured to verify the reliation was filtered, and the equimolar copper dihydrocarbonate
ability of the adiabatic calorimeter in the temperature range ofvas added to the filter liquor under the mild heating. The reac-
77-390K, indicating that the relative deviation of calibrationtion mixture was stirred for 3 h until many bubbles appeared.
data was withint=-0.3% [8]. The heat-capacity measurements Following the procedures of cooling, filtration and condensation
were conducted by the standard procedure of intermittently heatinder the reduced pressure, addition of 108 afanhydrous
ing the sample and alternately measuring the temperature. Ttacohol to the condensed filter liquor leaded to white precip-
heating rate was in the range of 0.1-0.4 K mlinthe temper- itation. The precipitation was washed for three times with a
ature increment of the experimental point was of the range diittle amount of anhydrous alcohol. At last, the final product
1-4 K, the heating duration was 10 min and the temperature driftvas dried under the vacuum until the weight of the sample kept
rates of the sample cell measured in an equilibrium period wereonstant.
kept within 103 to 10°*K min—2.
3. Results and discussion
2.4. Rotating-bomb combustion calorimetry
3.1. Characterization of the compound
The constant-volume combustion energy of the compound
was measured by an RBC-type Il precision rotary-bomb com- The chemically and elementally analytical results of the title
bustion calorimeter. The structure and principle of the calorimeecompound are as followsy (calcd): Cu 30.75%, C 23.25%, H
ter have been described in detail also elsewlfigkeThe tem-  3.41%;w (found): Cu 30.68%, C 23.28%, H 3.52%, which is
perature of the thermostatic water in the bath was automaticallidentified with the formula of Cu(¢gHgOs)-0.5HO. The purity
maintained at 298.1% 0.001 K by means of a precise ther- of the sample was determined to be higher than 0.9995 by
mostat. The temperature gauge from the digital indicator wittHPLC. The substance can be easily dissolved into distilled water,
integrated circuit was used to measure the temperature of tHmut faintly into methanol and cannot be dissolved into ethyl
calorimetric tube. The bicyclic structure of the crucible supportalcohol.
inthe oxygen bomb was constructed so thatthe bomb could make IR spectra of the title compound andthreonic acid are
a compound rotate about an axis perpendicular to the bomb ax&hown inFig. 1, and Vibration characteristic absorptions of main
(end-over-end rotation) and about the bomb axis (axial rotationyroups are listed iffable 1 [13].
at the same time, which assured the complete combustion of the It can be seen fronTable 1that, as for the threonic acid,
compound. the absorption peak of OH stretching vibratig®,H, obviously
The temperature rise was corrected on the basis of the heshifted to the low wave number, and awide and strong absorption
exchange between the calorimetric tube and its surroundingpeak appeared in 3400-3200c¢howing to strong association
The correction value of the heat exchange was calculated accordetween these poly-hydroxide compounds. The hydrogen bonds
ing to Ref.[10]. formed between hydroxyl and carbonyl decreases the strength
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Table 1

Data of IR absorption of main groups ofthreonic acid and hydrate coppethreonate (ycm—1)

Compounds VO-H VC-H vc=0 Vas(COG) Vs(COQ-) V-0

L-Threonic acid 3366 2928 1740 - - 1204, 1092, 1131, 1011
Hydrated copper-threonate 3435 2939 - 1618 1420, 1315 1123, 1077

L - Threonate acid 100 121C Cu(C4He05)-0.5H,0
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Thermal decomposition process of the compound was
Fig. 1. IR spectra of the compound Cutgs0s)-0.5H,0 andr-threonic acid.  derived from the results of TG-DTG analysis as follows:

Cu(C4HgOs) - 0.5H,0
of double bond of the carbonyl in molecule, as a result, the

60-100-121°C
—> " CU(GHeOs)
95.03%(95.66%)

absorption peak of the=eD stretching vibrationyc-o, shifts + 0.5H,0 2258 Co 04 H04+CO, (1)
to the low wave number, 1740 cth. The absorption peak of 38.81%(38.31%)

OH stretching vibrationyo-y, based on the association of its
two molecules and the formation of the hydrogen bond betweeB. 2. Low-temperature heat-capacity
hydroxyl and carbonyl moves from 3500 cmto low wave

number, a wide peak appeared in 3200-2500tms for the All heat-capacity experimental results (s8epplementary

novel compound, its carbonyl possessed the distinctly differentaterial) plotted inFig. 3, showed that two stable phases,
characteristic absorption peaks relative to that of the threonic

acid, showing that oxygen atom of the carbonyl binds with the
copper ion The characteristic peaks of 1400 and 1618'cm
are assigned as those of the symmetrical and the asymmetri [ 30000

1800 d T g T T T T T T T T T

cal stretching vibrationsyscoo) andvas(coa), respectively. ook - 2ol ]
A wide and scattered abortion at 3435¢his known as B jgzomo. ]
the display of the crystallization water involving in the title =5 R .
compound. ol ]

TG-DTG technique was applied to determine the stability of %

the compound. It can be seen from the TG-DTG curves shown 2 i
in Fig. 2that two obvious mass-loss processes take place with® [
the temperature rising. The first mass-loss took place in the tem-
perature range of 60-12C and the mass-loss percentage is i
4.97%, which is in well agreement with the percent content wl
(4.44%) of water in the new compound. The second mass-loss T
process occurs over the temperature region of 121268Mhd

the mass-loss percentage is 51.09%, which agrees with the theo-
retical mass-loss (51.69%) when the remains of the first proce§ég' 3. The experimental molar heat-capacity curve of the solid compound

. . . Cu(C4Hg05)-0.5H,0 (M =206.6491 gmoll) with the temperature (K). In
is further decomposed to CuO. The intermediate prOdUCt Wa\ﬁhich(><)repressesthefirstseries of heat-capacity measurements; (A) represses

identified as Cu(gHeOs) by IR spectrum and final product as the second series of heat-capacity measurements: (0O) represses the third series
CuO by XRD technique. of heat-capacity measurements.
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Table 2

The results of thermal decomposition of obtained from three groups of heat-capacity measurements for the compatig @ GH,O(S)

Thermodynamic properties X1 X2 X3 (x £ 09)?

T4 (K) 369.232 368.986 369.694 369.304+ 0.208
AgHm (kI mol?) 16.379 16.598 16.493 16.490+ 0.063

0= \/Z?:l(xi — X)2/n(n — 1) in whichn is the experimental numbex;, a single value in a set of heat-capacity measuremertise mean value of a set of
measurement results.

solid | from 77 to 353K and solid Il from 370 to 390K, The dehydration temperatuf® of the sample was deter-
occur in the heat-capacity curve over the temperature rangained to be 369.304 0.208 K from the peak temperature of
of 77 K< T < 390K, the temperature region of the dehydrationthermal decomposition based on the heat-capacity data. The
from the solid | to the solid Il was from 353 to 370 K. The exper- difference between the dehydration temperatures obtained from
imental values of the heat capacities for two stable phases hatlee heat-capacity measurements and the TG-DTG analysis was
been fitted to polynomial equations of the heat capacities againstainly attributed to the absorption water on the surface of the
the reduced temperature by means of the least square methodample inthe TG-DTG analysis. The molar enthalpy of the dehy-

For the solid I: dration, AgHp, of the substance was determined following the
1 method described in Reff7].
Cpm(IK ™ mol™!) = 356.80837 215.44534 + 61.8843¢ The results offy and A¢Hm of the sample obtained from a

_ 0717318 — 59.718064 set of three-repeated heat-capacity measurements are listed in

Table 2.
+26.37058% + 37.10181f (2)

where x is the reduced temperature= (T —215)/138. The 3 3 constant-volume combustion energy, standard molar

above equation is valid in the temperature range from 77 t%nthalpy of combustion and standard molar enthalpy of
353K, with an uncertainty of-0.25%.

) formation
For the solid II:
Cpm(d K-Lmol1) = 76074905+ 42.78432% + 2.940782 The method for detgrmining the constant—volu'me comb.ustiqn
' energy of the sample is the same as that used in the calibration
+3.79281% + 0.06558# (3)  ofthe calorimeter with benzoic acid. The constant-volume com-

. . bustion energy of the sample can be calculated according to Refs.
where x= (T — 380)/10. The above equation is useful in theg 10]

temperature range from 382 to 395K, with an uncertainty o

The measured results of the constant-volume combustion

+0.20%. energy of the sample are indicatedTiable 3.

The standard molar enthalpy of combustion of the sample,
3.2.1. Peak temperature and molar enthalpy of the AcHg,, refers to the combustion enthalpy change of the follow-
dehydration process ing reaction at 298.15K and 100 kPa:

It is found from the heat-capacity curve that the sec-
ond endothermic peak appeared in the temperature range @{;(c,HgOs) - %H20(5)+ %Oz(g) = CuO(s)+ 4COx(g)
382-395K, which was covered in the temperature region of
60-121°C corresponding to the dehydration of the compound, + %H20(|) 4)
as obtained in TG-DTG curve. Three series of heat-capacity
experiments in the thermal decomposition region of the com-
pound were carried, indicating that the reversibility and repeata- The standard molar enthalpies of combustion of the sample

bility of the thermal decomposition are verified. can be derived from the constant-volume combustion energy by

Table 3

The experimental results of constant-volume combustion energy for the compoungHg@g} 0.5H,0(s) at 298.15 K

No. Mass of sampley Corrected heat of Corrected heat of Corrected temperature Combustion energy of
(9) ignition wire, ¢ (J) nitric acid,gn (J) rise, AcT (K) sample—AcU (Jgh)

1 1.23560 11.70 19.40 0.5388 7824.28

2 1.20183 10.80 18.87 0.5231 7810.17

3 1.24500 11.70 19.55 0.5434 7831.60

4 1.30056 9.00 20.42 0.5663 7815.39

5 1.25434 12.60 19.70 0.5464 7815.50

6 1.20685 11.70 18.95 0.5266 7829.08

Mean 7821.00+3.50
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Egs.(5) and (6): enthalpy of formation of the compound; Hy;,, has been calcu-
. 5 lated to be-1114.76+ 0.81 kJ mot L.

AcHS = AcUS, + AnRT (5)

An = ni(products,g) — Y _ n;(reactantsg) (6) Acknowledgements
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according to reactiofi7) as follows:

AtHp[Cu(C4HgOs) - 3H20, 5]
= [AtHp,(CuO,s) + 4A H(COy, S) + 5 AHG(H20, 1)]

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, al0i:10.1016/j.tca.2005.12.008.
— AcHp[Cu(C4HgOs) - 3H20] (7)
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