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Abstract Two crystal samples, sodium 5-methylisoph-
thalic acid monohydrate (CoHgO4Na,-H,0, s) and sodium
isophthalic acid hemihydrate (CgH4O4Na,-1/2H,0, s),
were prepared from water solution. Low-temperature heat
capacities of the solid samples for sodium 5-methylisoph-
thalic acid monohydrate (CoHgO4Na,-H,0, s) and sodium
isophthalic acid hemihydrate (CgH,O4Na,-1/2H,0, s) were
measured by a precision automated adiabatic calorimeter
over the temperature range from 78 to 379 K. The exper-
imental values of the molar heat capacities in the measured
temperature region were fitted to a polynomial equation on
molar heat capacities (Cp ,) with the reduced temperatures
(X), [X =AfD)], by a least-squares method. Thermody-
namic functions of the compounds (CoHgO4Nay-H,0, s)
and (CgH,O4Na,-1/2H,0, s) were calculated based on the
fitted polynomial equation. The constant-volume energies
of combustion of the compounds at 7 = 298.15 K were
measured by a precise rotating-bomb combustion calo-
rimeter to be A.U(CoHgO4Na,-H,0O, s) = —15428.49 £+
4.86 J g~ and A U(CgH4O4Na,-1/2H,0, s) = —13484.25
+ 5.56 J g~ '. The standard molar enthalpies of formation
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of the compounds were calculated to be Afon (CoHgOy4
Na,-H,0, s) = —1458.740 + 1.668 kJ mol™' and Ang1
(CgH4O4Na,-1/2H,0, s) = —2078.392 + 1.605 kJ mol ™
in accordance with Hess’ law. The standard molar enthal-
pies of solution of the compounds, ASO]H&(CgH(,O‘l_
Na,-H»0, s) and Am]Hg](CgH404Na2- 1/2H,0, s), have been
determined as being —11.917 & 0.055 and —29.078 +
0.069 kJ mol ' by an RD496-2000 type microcalorimeter.
In addition, the standard molar enthalpies of hydrated anion
of the compounds were determined as being AfHﬁ](C9H6
04°7, aq) = —704.227 + 1.674 kJ mol~" and AHS(CsH,
O,Na,>", aq) = —1483.955 £ 1.612 kJ mol™!, from the
standard molar enthalpies of solution and other auxiliary
thermodynamic data through a thermochemical cycle.
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Introduction

As an important class of raw material, isophthalic acid
derivatives are used to produce paint, polyester resin,
unsaturated polyester resin, special fiber, and hot melt
adhesives. Recently, with the growth of the study of metal—
organic frameworks (MOFs), isophthalic acid derivatives
have been extensively employed in the preparation of
metal-organic coordination polymers [1-9]. Since iso-
phthalic acid and its derivatives do not dissolve in water,
sodium isophthalic acid derivatives are usually employed
as reactants in the synthetic process of functional metal—
organic coordination. In order to elucidate potential
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applications on MOFs involving isophthalic acid deriva-
tives both in theoretically and practically, there is an urgent
need for relevant thermodynamic data of sodium iso-
phthalic acid derivatives.

In this article, we synthesized sodium 5-methylisoph-
thalic acid monohydrate (CoHgO4Na,-H,0, s) and sodium
isophthalic acid hemihydrate (CgH40O4Na,-1/2H,0, s). The
low-temperature heat capacities of the title compounds
over the temperature range of 78-379 K were measured by
an automated adiabatic calorimeter. The standard molar
enthalpies of combustion of two compounds at 298.15 K
were determined by an RBC-type II type precise rotating-
bomb calorimeter. In addition, the standard molar enthal-
pies of formation of the title compounds were derived from
the experimental results.

Experimental section
Chemicals and equipments

5-CH;3-H,bdc and H,bdc purchased from the Tokyo Kasti
Kogyo Co., Ltd, was of GC grade with a purity of 99%.
The gamma aluminum oxide was of spectroscopic pure
grade from Shanghai No. 1 Reagent Factory. It was
transformed to alpha aluminum oxide in a muffle oven at
1473.15 K before use and maintained in a desiccator with
P,O;o. Potassium chloride (mass fraction 0.9999) was
purchased from Shanghai No. 1 Reagent Factory, and dried
in a vacuum oven at 500 K for 8 h before use. The relative
atomic masses used were those recommended by the TU-
PAC Commission in 1999 [10]. Elemental analyses were
performed on an Elemental Vario EL III CHNOS analyzer.
TG-DTG were performed on a NETZSCH STA 449C
instrument under a dynamic atmosphere of high purity O,

with a heating rate of 5 °C min~"'.

Adiabatic calorimeter

A precision automatic adiabatic calorimeter was used to
measure the heat capacities of the compound over the
temperature range 78 < (7/K) < 398. The principle and
structure of the adiabatic calorimeter have been described
in detail elsewhere [11-13].

To verify the accuracy of the calorimeter, the heat capacity
of the reference standard material (x-Al,O3) was measured
over the temperature range 78 < (7/K) < 398. The sample
mass used is 1.7143 g, which is equivalent to 0.0168 mol
based on its molar mass, M(Al,03) = 101.9613 g mol ™.
Deviations of the experimental results from those of the
smoothed curve lie within & 0.2%, while the uncertainty
is & 0.3%, as compared with the values given by the former

@ Springer

National Bureau of Standards [ 14] over the whole temperature
range.

Heat capacity measurements were continuously and
automatically carried out by means of the standard method
of intermittently heating the sample and alternately mea-
suring the temperature. The data of heat capacities and
corresponding equilibrium temperature have been cor-
rected for heat exchange of the sample cell with its sur-
roundings [12, 15]. The sample mass used for the
calorimetric measurements was 2.8961 g, which is equiv-
alent to 0.0102 mol in terms of its molar mass, M =
273.107 g mol .

Rotating-bomb combustion calorimeter

The constant-volume combustion energy of the compound
was determined by an RBC-type II type precise rotating-
bomb combustion calorimeter. The main experimental
procedures were described previously [16, 17]. The correct
value of the heat exchange was calculated according to the
Linio—Pyfengdelel-Wsava formula.

The calorimeter was calibrated with benzoic acid. The
calibrated experimental results with an uncertainty of
438 x 10~* are summarized in Table 1. The energy equiv-
alent of the rotating-bomb calorimeter was calculated, and the
analytical methods for final products (gas, liquid and solid)
were the same as those in Ref. [16]. The results of the IR
spectrum and PXRD show that the final solid product is
identified hexagonal sodium peroxide. The analyses of the
combustion products indicate that the compounds are trans-
formed to CO, (g), H,O (1), N, (g), and Na,O, (s) under excess
oxygen. The amounts of NO, and CO in the final gas phase
may be neglected. The analytical results of the final products
show that the combustion reactions are complete. The energy
equivalent of the RBC-type II calorimeter was determined
from seven combustion experiments in using approximately
0.8-0.9 g of NIST 39i benzoic acid under experimental con-
ditions to be &.,or = 18604.99 + 8.14 ] K™!, as indicated in
Table S1. Conversion of the energy of the actual bomb process
to that of the isothermal process and the correction to standard
states were made according to Hubbard et al. [18].

Microcalorimeter

The enthalpy of solution of the complex was measured by
an RD496-2000 type microcalorimeter. The main experi-
mental procedures were described previously [17]. The
design, assemblage, and test of the microcalorimeter were
published in Ref. [19]. The calorimetric constant at
298.15 K was determined by the Joule effect before the
experiment, which were 63.901 £+ 0.030 uV mW ™!, The
enthalpy of solution of KCl in deionized water was mea-
sured to be 17.581 %+ 0.039 kJ mol~', which is in good
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Table 1 Smoothed molar heat capacities and thermodynamic functions of (CoH¢O4Na,-H,0, s)

T/K Cpy /I K" mol™! Hy — Haog15 k/kJ mol ™! St — Sros15 kI K~ mol™! Gr — Gaog15 k/kJ mol™!
80 185.19 —68.71 —381.6 —38.18

85 193.62 —67.76 —370.1 —36.30

90 201.72 —66.77 —358.8 —34.48

95 209.50 —65.75 —347.7 —32.72
100 216.99 —64.68 —336.8 —31.00
105 224.19 —63.58 —326.0 —29.35
110 231.13 —62.44 —315.4 —27.74
115 237.83 —61.27 —305.0 —26.19
120 244.30 —60.06 —294.8 —24.69
125 250.56 —58.82 —284.7 —23.24
130 256.62 —57.56 —2747 —21.84
135 262.51 —56.26 —264.9 —20.49
140 268.24 —54.93 —255.3 —19.19
145 273.82 —53.58 —245.8 —17.94
150 279.26 —52.19 —236.4 —16.73
155 284.58 —50.78 —227.1 —15.58
160 289.80 —49.35 —218.0 —14.46
165 294.92 —47.89 —209.0 —13.40
170 299.95 —46.40 —200.1 —12.37
175 304.92 —44.89 —191.4 —11.40
180 309.82 —43.35 —182.7 —10.46
185 314.68 —41.79 —174.1 —9.571
190 319.49 —40.20 —165.7 —8.722
195 324.27 —38.59 —157.3 —7.915
200 329.03 —36.96 —149.0 —7.150
205 333.77 —35.30 —140.9 —6.426
210 338.51 —33.62 —132.8 —5.743
215 343.24 —31.92 —124.7 —5.100
220 347.99 —30.19 —116.8 —4.496
225 352.74 —28.44 —108.9 —3.932
230 357.52 —26.66 —101.1 —3.407
235 362.32 —24.86 —93.37 —2.921
240 367.14 —23.04 —85.69 —2.473
245 372.00 —21.19 —78.07 —2.064
250 376.90 —19.32 —70.51 —1.692
255 381.83 —17.42 —63.00 —1.357
260 386.81 —15.50 —55.54 —1.060
265 391.82 —13.55 —48.13 —0.7999
270 396.88 —11.58 —40.76 —0.5767
275 401.99 —9.585 —33.43 —0.3902
280 407.14 —7.562 —26.15 —0.2402
285 412.34 —5.513 —18.90 —0.1265
290 417.58 —3.438 —11.69 —0.04909
295 422.86 —1.337 —4.507 —0.007697
298.15 426.21 0 0 0

300 428.19 0.7903 2.642 —0.002237
302 430.33 1.649 5.493 —0.01009
310 438.95 5.126 16.85 —0.09864
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Table 1 continued

T/K Cpy /I K" mol ™! Hy — Haog15 k/kJ mol ™! S7 — Sros.15 /I K~* mol ™! Gr — Gaogs k/KJ mol ™!
315 444,38 7.334 23.92 —0.2003
320 449.84 9.570 30.96 —0.3374
325 455.32 11.83 37.98 —0.5099
330 460.82 14.12 44.97 —0.7177
335 466.34 16.44 51.94 —0.9606
340 471.86 18.79 58.90 —1.239
345 477.38 21.16 65.83 —1.551
350 482.90 23.56 72.74 —1.899
355 488.40 25.99 79.63 —2.282
360 493.88 28.44 86.51 —2.698
365 499.32 30.93 93.36 —3.150
370 504.73 33.44 100.2 —3.635
375 510.09 35.97 107.0 —4.154
agreement with the value of 17.584 4+ 0.007 kJ mol ™! in 105 - - 0.9
Ref. [20]. The relative error of tl?e expe.riment result' is 182:92_43 j ng - :8:?
0.02% and the RSD of the calorimeter is 0.3%, which 90 0.6
indicates that the calorimetric system is accurate and 2(5) E ‘\\ 3 8:2
reliable. 759 729 F 03
70 3 216°C . r 0.2

o\;o 65 ”'i“'z"(‘J o jgo'(’ Ce193°C 949°C - 88 c
Synthesis and characterization @ 607 v VO F o1 €

S 55 Y v L 02 %

50 1 1769°C V1 699.2°C L 03

5-CHj3-H,bde and H,bde were mixed with sodium hydroxide Z‘g E " L 0.4
in water at the molar ratio of n(5-CHs-H,bdc or H,bdc): 359, ., 551.6°C ::8:2
n(NaOH) = 1:2 at 80 °C, respectively. Followed by evapo- gg: P ::g.;
ration and filtration, white crystals were produced. The com- 20 et ~0.9
pounds were identified by elemental analysis as the formula 0 100 200 300 400 500 600 700 800 900 1000 1100

CyHgOsNa, (Calculated: C, 44.64%; H, 3.33%; O, 33.04%.
Found: C, 44.26%; H, 3.61%; O, 33.28%) and CgHsO, sNa,
(Calculated: C, 43.85%; H, 2.30%; O, 32.86%. Found: C,
43.29%; H, 2.72%; O, 32.63%).

The purity of the samples was identified by high per-
formance reversed phase liquid chromatography under
isocratic conditions. The column was packed with C;g
sorbents (150 x 4.6 mm) with particle diameter of 5 pm,
the mobile phase contained 20 mmol KH,PO, in methanol
and the pH value was adjusted to 2. Flow rate was
1 mL minfl, and the components were detected at
254-261 nm. Values of normalized area of peaks are 99.69
and 99.76%. Results are demonstrated that the samples
have high purity and meet the requirements for thermo-
chemical measurements.

TG-DTG tests of the title compounds were under a
dynamic atmosphere of oxygen with a flow rate of
30 cm® min~' and a heating rate of 5 K min~"'. As shown in
Fig. 1, there are three stages of weight loss in the measured
temperature range. The first step displays at 149.2-216 °C
with the mass loss of 7.52% (the calculated mass loss is
7.44%), which is due to dehydration. The second step shows
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Temp/°C
Fig. 1 TG-DTG of C9H604N32'H20 (S)

a sharp mass loss of 19.58% from 490.6 to 619.3 °C. The
third step shows an enormous mass loss of 41.58% from
699.2 to 949 °C in which the CoHgOsNa, is decomposed to
Na,O, confirmed by PXRD. There are three stages of weight
loss in the measured temperature range from Fig. 2. The first
step illustrates from 93 to 138 °C with the mass loss of 4.02%
(the calculated mass loss is 4.11%), which is due to dehy-
dration. The second step shows a mass loss of 30% from 519
to 589 °C. The third step demonstrates a tremendous mass
loss of 34.77% from 772 to 921 °C in which the
CgHs04 5Na, is decomposed to Na,O, confirmed by PXRD.

Results and discussion

Low-temperature heat capacity

All experimental results are listed in Tables S1 and S2 and
are plotted in Figs. 3 and 4. Figure 3 shows that the
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Fig. 2 TG-DTG of CgH,0,Na,-1/2H,0 (s)

(CoHgO4Na,-H,O0, s) is stable over the temperature range
of 78-378 K, that is, there are no phase change, associa-
tion, or thermal decomposition occurred. The 99 experi-
mental points in the temperature region of 78-378 K are
fitted by means of the least-squares method, and a poly-
nomial equation of the experimental molar heat capacities
[Cpms (CoHgO4Nay-HyO, s)] versus reduced tempera-
ture (X), X = AT) = [TIK — /AT, + T))[1/2(T, — T,)]
(where T} = 378 K and 7, = 78 K), has been obtained.

Com/(TK " mol™") = 355.60527 + 143.31748X
+9.78846X7 + 22.4612X°
— 17.90166X* (1)

In which X = T — 228/150. This equation is valid between
78 and 378 K.

The coefficient of determination for the fitting R equals
0.99999.

Figure 4 shows that the (CgH,O4Na,-1/2H,0, s) is sta-
ble over the temperature range of 78-379 K, that is, no

n
o
o

pm

C /T K 'mol™

200

100 150 200 250 300 350 400
T/K

Fig. 3 Curve of the experimental molar heat capacities of
(CoHgO4Na,-H,0, s) versus the temperature (7)

350

w
o
o

¢ MK mol”
- n n
a o al
o o o

100

100 150 200 250 300 350
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Fig. 4 Curve of the experimental molar heat capacities of
(CgH404Na,-1/2H,0, s) versus the temperature (7)

phase change, association, or thermal decomposition
occurred. The 105 experimental points in the temperature
region of 78-379 K are fitted by means of the least-squares
method, and a polynomial equation of the experimen-
tal molar heat capacities [Cpm, (CsHsO4Nay-1/2H50, s)]
versus reduced temperature (X), X = A7) = [T/K — 1/
2Ty, + To)/[1/2(T), — T,)] (where T) =379 K and T, =
78 K) has been obtained.

Com/(TK ' mol™") =231.58556 + 116.42611X
— 14.51269X* + 7.53003X>
+ 1.53868x* (2)

In which X = T — 228.5/150.5. This equation is valid
between 78 and 379 K. The coefficient of determination for
the fitting R* equals 0.99997.

The thermodynamic functions

The smoothed molar heat capacities and thermodynamic
functions were calculated based on the fitted polynomial of
the heat capacities as a function of the reduced temperature
(X) according to the following thermodynamic equations

T
(Hy — Hyos.15) = / C,dT (3)
298.15
T
(ST — Sa98.15) = / C,T77'dT (4)
208.15

T T
(GT — Gggg,]s) = / deT . T/ CpTildT (5)
298.15 298.15
The polynomial fitted values of the molar heat capacities
and fundamental thermodynamic functions of the samples
relative to the standard reference temperature 298.15 K are
tabulated in Tables 1 and 2 at 5 K intervals.
The constant-volume energy of combustion and the
standard molar enthalpy of combustion.
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Table 2 Smoothed molar heat capacities and thermodynamic functions of (CgH,O4Na,-1/2H,0, s)

T/K Cp. /I K" mol ™! Hy — Haog 15 k/kJ mol ™! S1— Sr0s.15 k/J K~! mol™! Gr — Gaos.15 k/kJ mol™!
80 96.802 —42.88 —232.1 —24.31

85 102.12 —42.39 —226.1 —23.17

90 107.39 —41.86 —220.1 —22.05

95 112.59 —41.31 —214.2 —20.97
100 117.73 —40.74 —208.3 —19.91
105 122.81 —40.14 —202.4 —18.88
110 127.83 —39.51 —196.6 —17.89
115 132.80 —38.86 —190.8 —16.92
120 137.70 —38.18 —185.0 —15.98
125 142.55 —37.48 —179.3 —15.07
130 147.34 —36.76 —173.6 —14.18
135 152.08 —36.01 —168.0 —13.33
140 156.76 —35.24 —162.4 —12.50
145 161.38 —34.44 —156.8 —11.71
150 165.96 —33.62 —151.2 —10.93
155 170.48 —32.78 —145.7 —10.19
160 174.94 —31.92 —140.3 —9.476
165 179.36 —31.03 —134.8 —8.788
170 183.73 —30.12 —129.4 —8.126
175 188.05 —29.19 —124.0 —7.492
180 192.32 —28.24 —118.7 —6.885
185 196.55 —27.27 —1133 —6.304
190 200.73 —26.28 —108.0 —5.750
195 204.87 —25.26 —102.8 —5.222
200 208.97 —24.23 —97.54 —4.721
205 213.02 —23.17 —92.34 —4.245
210 217.04 —22.10 —87.16 —3.796
215 221.02 —21.00 —82.01 —3.372
220 224.96 —19.89 —76.88 —2.974
225 228.87 —18.75 —71.79 —2.602
230 232.74 —17.60 —66.72 —2.255
235 236.59 —16.43 —61.67 —1.934
240 240.40 —15.23 —56.65 —1.637
245 244.19 —14.02 —51.66 —1.366
250 247.94 —12.79 —46.69 —1.120
255 251.68 —11.54 —41.75 —0.8981
260 255.39 —10.28 —36.82 —0.7012
265 259.08 —8.989 —31.93 —0.5290
270 262.75 —7.685 —27.05 —0.3812
275 266.41 —6.362 —22.20 —0.2577
280 270.05 —5.021 —17.36 —0.1584
285 273.68 —3.661 —12.55 —0.08330
290 277.30 —2.284 —7.765 —0.03215
295 280.90 —0.8884 —2.995 —0.004891
298.15 283.18 0 0 0

300 284.51 0.5252 1.755 —0.001408
302 285.95 1.096 3.650 —0.006650
310 291.71 3.406 11.20 —0.06538
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Table 2 continued

T/K Cp. o/ K~' mol ™! Hy — Haog 15 k/kJ mol ™! Sr— Sros15 k/J K~! mol™! Gr — Gaog15 k/kJ mol™!
315 295.31 4.874 15.89 —0.1326

320 298.91 6.359 20.57 —0.2233

325 302.52 7.863 25.23 —0.3372

330 306.13 9.384 29.88 —0.4744

335 309.76 10.92 34.50 —0.6347

340 313.40 12.48 39.12 —0.8181

345 317.06 14.06 43.72 —1.024

350 320.73 15.65 48.30 —1.254

355 324.43 17.27 52.88 —1.506

360 328.15 18.90 57.44 —1.781

365 331.90 20.55 61.99 —2.079

370 335.68 22.22 66.53 —2.399

375 339.49 23.90 71.06 —2.743

Table 3 Experimental results for the combustion energy of the (CoHgO4Na,-H,O, s) (mol. wt 242.136)

No 1 2 3 4 5 6

mlg 0.97295 1.11130 1.00655 1.05905 1.11670 1.10455
AT /K 0.7962 0.9101 0.8232 0.8672 0.9148 0.9055
{/K 0.0122 0.0138 0.0127 0.0131 0.0138 0.0136
AT/IK 0.8084 0.9239 0.8359 0.8803 0.9286 0.9191
Wiy K~! 18604.99 18604.99 18604.99 18604.99 18604.99 18604.99
G/J em™! 0.9 0.9 0.9 0.9 0.9 0.9
blcm 12.6 12.6 12.6 12.6 12.6 12.6
AUs/Y 23.08 25.93 23.55 25.01 26.32 25.86
—AUIT g™} 15418.36 15431.48 1541291 15427.38 15434.55 15446.25
~AUpeanT g7° 15428.49 + 4.86

Table 4 Experimental results for the combustion energy of the (CgH4O4Na,-1/2H,0, s) (mol. wt 219.102)

No 1 2 3 4 5 6

mlg 1.25505 1.26750 1.25460 1.25385 1.26060 1.25895
AT /K 0.9014 0.9093 0.9005 0.8988 0.9062 0.9028
{/K 0.0108 0.0109 0.0108 0.0108 0.0108 0.0108
AT/K 0.9122 0.9202 09113 0.9096 0.9170 0.9136
Wiy K~ 18604.99 18604.99 18604.99 18604.99 18604.99 18604.99
G/T em™! 0.9 0.9 0.9 0.9 0.9 0.9
blcm 12.6 12.6 12.6 12.6 12.6 12.6
AUs/] 32.87 33.16 32.78 32.82 33.03 32.99
—AUIT g™ 13493.80 13479.96 13479.96 13468.32 13505.12 13473.00
—AUmean/T g7 13484.25 + 5.56

AUy is the standard state correction; A Ucan 1S mean value of the combustion energy

The method for determining the constant-volume ener- volume energies, A.U/J g,fl

gies of combustion of the compounds was the same as that ~ pounds are given in Tables 3 and 4.

, of combustion of the com-

used in the calibration of the combustion calorimeter with The standard molar enthalpies of combustion of
benzoic acid [21]. The measured results for the constant- (CoHgO4Na,-H50, s) and (CgH,O4Na,-1/2H,0, s) refer to
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Table 5 Experimental data of Asolen(CgH604Na2~H20, s) at 298.15 K

Run. o/mJ AviH2 /KT mol ™! W(H,0)/g W(C5OgNH;Na,-H,0)/g
1 —896.7 —11.936 9.00023 0.01819

2 —873.3 —11.866 9.00063 0.01782

3 —889.7 —11.889 9.00049 0.01812

4 —883.7 —11.921 9.00072 0.01795

5 —896.3 —12.151 9.00057 0.01786

6 —880.7 —11.736 9.00066 0.01817

Mean £ SD —11.917 £ 0.055

Table 6 Experimental data of A, ,;(C8H4O4Na2-1/2H20, s) at 298.15 K

Run. Q/m] AsotHo/KI mol ™ W(H,0)/g W(CgOgNH3Na,-H,0)/g
1 —2257.2 —29.023 9.00034 0.01704

2 —2271.1 —28.925 9.00041 0.01687

3 —2260.7 —29.257 9.00054 0.01693

4 —2289.7 —29.269 9.00038 0.01714

5 —2216.2 —28.869 9.00026 0.01682

6 —2317.1 —29.127 9.00081 0.01743

Mean + SD —29.078 £ 0.069

the enthalpy changes of reaction (6) and (7) at 298.15 K
and 100 kPa.

CyHgO4Na, - H,O (S) + 19/202(g)
— 9C02(g) + 4H,0 (l) + Na202(s) (6)

C8H4O4Na2 . 1/2H20 (S) + 802(g)
— SCOQ(g) + 5/2H20 (1) + Nazoz(s) (7)

The standard molar enthalpies of combustion of the title
compounds can be derived from the constant-volume
energies of combustion by Eq. 8.

AH? = AU+ AnRT (8)

where An is the total amount (in mole) of the gases present
as products or reactants. R = 8.314 J K" mol™!, T =
298.15 K. AHY(CoHgO4Na,-H,0, s) and A.HY(CgH,
O4Na,-1/2H,0, s) are calculated to be —3737.04 + 1.18
and —2954.42 4+ 1.22 kJ mol ",

The standard molar enthalpy of formation

The standard molar enthalpies of formation of the compounds
are calculated by Hess’s law according to Egs. 9 and 10:

AsH' (CoHgO4NayH,O, s)
= 9AHy,(CO, g)
+ 4A:H? (H,0, 1)
+ AfH? (NayO,, s) — AH” (CoHsO4Na,H,0, s)  (9)
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Ang_l(CgH4O4Naz . 1/2H20, S)
= 8AH},(COy, ) + 5/2A¢Hy, (H,0, 1)
+ AsH' (NayO,, s) — A HY (CgH4O4Na; - 1/2H,0, s)
(10)

In Egs. 9 and 10, the standard molar enthalpies of
formation of CO, (g), H,O (1), and Na,O, (s) recommended
by Refs. [22, 23]. AHE(CO,, g) = —393.51 £ 0.13 kJ
mol ™!, 4H’(H,0, 1) = —285.830 =+ 0.042 kJ mol™", and
AHS(Na0,,  5) = —510.87 + 0014 kI mol™'  are
employed in the calculation of Ang1(C9H6O4Na2-H20, S)
and AfH&(C8H4O4Na2-1/2H20, s). The standard molar
enthalpies of formation of the title compounds can be
derived to be Afon(C9H6O4Na2~H20, s) = —1458.74 £+
167 kIimol™' and AH(CsH,ONa, 12H,0, s) =

—2078.39 & 1.61 kJ mol ™.
The standard molar enthalpy of solution and the stan-

dard molar enthalpy of the hydration anion.

AsH2 (CoHgO4Nay- H,0, ) = —11.917 £ 0.055kJ mol ™!
and Ay HS(CsH404Na,-1/2H,0, s) = —29.078 + 0.069
kJ mol~ !, in H,0, at 298.15 K are given in Tables 5 and 6.
The standard enthalpies of hydration anions of the title
compounds can be calculated by Hess’s law according to
Eqgs. 11 and 12.

C9H604Na2 . Hzo (S) — 2 Na*(aq) + C9H6042;_ (aq)
+ H0 (1) (11)
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CgH4O4Na; - 1/2H,0 (s) — 2 Na'(aq) + CgH403 ™ (aq)
+ 1/2 H,0(1) (12)

The standard molar enthalpies of the hydration anions of
the title compounds are calculated by Eqgs. 13 and 14.

AtH (CoHgO2 ™, aq) = AyH' (CoHgO4Na, - H,O, s)
+ A¢H’ (CoHgO4Na, - H,0, 5)
— 2A¢H (Na*t, aq) — AcHY (H,0, 1)
(13)
AH (CgH4027, aq) = AyiH' (CgH404Na, - 1/2H,0, s)
+ A¢H’ (CgH404Na; - 1/2H,0, s)
— 2A¢H" (Na™, aq) — 1/2A¢H’,
(H20, 1)
(14)

AHC (CoHg0,%, aq) and AH (CgH,0,27, aq) are
calculated to be —704.227 £ 1.674 and —1483.955 +
1.612 kJ mol ™!, where the value of A;H,(Na™, aq) is from
Ref. [22].

Conclusions

The molar heat capacities of sodium 5-methylisophthalic
acid monohydrate and sodium isophthalic acid hemihydrate
were measured over the temperature range from 78 to 379 K
by a high-precision automated adiabatic calorimeter. The
constant-volume combustion energy of the title compounds,
ACU(C9H604N212'H20, S) and ACU(C8H4O4N212'1/2H20, S),
have been determined as being —15428.49 + 4.86 J g~!
and —13484.25 +5.56 Jg~' by an RBC-II precision
rotating-bomb combustion calorimeter at 298.15 K. The
standard molar enthalpies of solution of the title com-
pounds, AyHA(CoHeOsNa,-H,O, s) and Ay Hon(CsHy
O4Na,-1/2H,0, s), have been determined as being
—11.917 4 0.055 and —29.078 & 0.069 kJ mol~' by an
RD496-2000 type microcalorimeter. The standard molar
enthalpies of combustion, ACH?H(CgH(,O4Na2-H20, s) and
ACH21(C8H4O4Na2- 1/2H,0, s), the standard molar enthalpies
of formation, AfH&(C9H6O4Na2-H20, s) and AfH&(CgH404
Na,-1/2H,0, s), the standard molar enthalpies of hydration
anions of the title compounds, AfHHm(CgH(,Of*, aq) and
Ang](CgH4O427, aq), have been calculated to be —3737.04
+ 1.18,-2954.42 + 1.22,—-1458.740 £ 1.668, —2078.392
£ 1.605, —704.227 £+ 1.674, and —1483.955 £ 1.612 kJ
mol ™, respectively.

Acknowledgements This study was supported by the National
Natural Science Foundation of China (Grant No. 20873100) and the

National Natural Science Foundation of Shaanxi Province (Grant
Nos. SJO8B09 and 2010JQ2007).

References

1. Liang XQ, Zhou XH, Chen C, Xiao HP, Li YZ, Zuo JL, You XZ.
Self-assembly of metal—organic coordination polymers con-
structed from a versatile multipyridyl ligand: diversity of coor-
dination modes and structures. Cryst Growth Des. 2009;9:
1041-53.

2. Kirillov AM, Karabach YY, Haukka M, Guedes da Silva MFC,
Sanchiz J, Kopylovich MN, Pombeiro AJL. Self-assembled
copper(Il) coordination polymers derived from aminopolyalco-
hols and benzenepolycarboxylates: structural and magnetic
properties. Inorg Chem. 2007;47:162-75.

3. Ene CD, Madalan AM, Maxim C, Jurca B, Avarvari N, Andruh
M. Constructing robust channel structures by packing metall-
acalixarenes: reversible single-crystal-to-single-crystal dehydra-
tion. J Am Chem Soc. 2009;131:4586-7.

4. Chun H. Low-level self-assembly of open framework based on
three different polyhedra: metal-organic analogue of face-cen-
tered cubic dodecaboride. J Am Chem Soc. 2007;130:800-1.

5. Zou RQ, Sakurai H, Han S, Zhong RQ, Xu Q. Probing the lewis
acid sites and co catalytic oxidation activity of the porous metal—
Organic Polymer [Cu(5-methylisophthalate)]. ] Am Chem Soc.
2007;129:8402-3.

6. Xie YM, Zhang QS, Zhao ZG, Wu XY, Chen SC, Lu CZ. New
optical supramolecular compound constructed from a polyoxo-
metalate cluster and an organic substrate. Inorg Chem. 2008;47:
8086-90.

7. Petoud S, Muller G, Moore EG, Xu JD, Sokolnicki J, Riehl JP, Le
UN, Cohen SM, Raymond KN. Brilliant Sm, Eu, Tb, and Dy
chiral lanthanide complexes with strong circularly polarized
luminescence. J] Am Chem Soc. 2006;129:77-83.

8. Kozlov VA, Aleksanyan DV, Nelyubina YV, Lyssenko KA,
Gutsul EI, Puntus LN, Vasil’ev AA, Petrovskii PV, Odinets IL.
Cyclopalladated complexes of 3-thiophosphorylbenzoic acid
thioamides: hybrid pincer ligands of a new type synthesis, cata-
Iytic activity, and photophysical properties. Organomet Chem.
2008;27:4062-70.

9. He J, Zhang JX, Tan GP, Yin YG, Zhang D, Hu MH. Second
ligand-directed assembly of photoluminescent Zn(II) coordina-
tion frameworks. Cryst Growth Des. 2007;7:1508-13.

10. Coplen TB. Atomic weights of the elements. J Phys Chem Ref
Data. 2001;30:701-12.

11. Di YY, Cui YC, Tan ZC. Low-temperature heat capacities and
standard molar enthalpy of formation of the solid-state coordi-
nation compound trans-Cu(Gly),-H,O(S) (Gly = l-a-Glycine).
J Chem Eng Data. 2006;51:1551-5.

12. Tan ZC, Sun GY, Sun Y, Yin AX, Wang WB, Ye JC, Zhou LX.
An adiabatic low-temperature calorimeter for heat capacity
measurement of small samples. J Therm Anal. 1995;45:59-67.

13. Lv XC, Liu BP, Tan ZC, Li YS, Zhang ZH, Shi Q, Sun LX,
Zhang T. Molar heat capacities, thermodynamic properties, and
thermal stability of the synthetic complex [Er(Pro),(H,0)s]Cls.
J Chem Eng Data. 2006;51:1526-9.

14. Archer GA. Thermodynamic properties of synthetic sapphire
(RAIL,O3), standard Reference material 720 and the effect of
temperature scale difference on thermodynamic properties.
J Phys Chem Ref Data. 1993;22:1441-53.

15. Tan ZC, Liu BP, Yan JB, Sun LX. A fully automated precision
adiabatic calorimeter in the temperature range from 80 to 400 K.
J Comput Appl Chem. 2003;20:265-8.

@ Springer



822

X. Jin et al.

16. Yang XW, Chen SP, Gao SL, Li HY, Shi QZ. Combustion of
rotating-bomb combustion calorimeter and measurement of
thermal effects. Instrum Sci Technol. 2002;30:311-5.

17. Chen SP, Meng XX, Xie G, Gao SL. Thermochemistry of the
ternary solid complex Er(CsHgNS,);(Cj,HgN5). J Chem Eng
Data. 2005;50:1204-11.

18. Hubbard WN, Scott DW, Waddington G. Standard states and
corrections for combustion in a bomb at a constant volume,
Chap. 5. In: Rossini FD, Editor. New York: Interscience; 1956. p.
75-128.

19. Ji M, Liu MY, Gao SL, Shi QZ. The enthalpy of solution in water
of complexes of zinc with methionine. Instrum Sci Technol.
2001;29:53-17.

@ Springer

20.

21.

22.

23.

Kilday MV. The enthalpy of solution of SRM 1655 (KC1) in H,0.
J Res Natl Bur Stand (U.S.). 1980;85:467-81.

Popov MW. Thermometry and calorimetry. (in Russia). Moscow:
Moscow University Publishing House; 1954. p. 331.

CODATA. Recommended key values for thermodynamics.
J Chem Thermodyn. 1978;10:903-6.

Donald DW, William HE, Vivian BP, Translated by Liu TH,
Zhao MY. The NBS tables of chemical thermodynamic proper-
ties. Beijing: Chinese Standards Press; 1998. p. 57



	Thermodynamics of sodium 5-methylisophthalic acid monohydrate and sodium isophthalic acid hemihydrate
	Abstract
	Introduction
	Experimental section
	Chemicals and equipments
	Adiabatic calorimeter
	Rotating-bomb combustion calorimeter
	Microcalorimeter
	Synthesis and characterization

	Results and discussion
	Low-temperature heat capacity
	The thermodynamic functions
	The standard molar enthalpy of formation

	Conclusions
	Acknowledgements
	References


