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Abstract: A new compound, barium nicotinate trihydrate, was synthesized by the method of room temperature
solid phase synthesis and ball grinder. FTIR, chemical and elemental analyses, and X-ray powder diffraction
techniques were applied to characterize the structure and composition of the complex. Low-temperature heat capacities
of the solid coordination compound were measured by a precision automated adiabatic calorimeter over the
temperature range from 78 to 400 K. A phase transition process occurred in the temperature range of 312-332 K in the
heat capacity curve, and the peak temperature, molar enthalpy and entropy of the solid-to-solid phase transition of the
complex were determined to be as follows: T,,.=(327.097+1.082) K, A H,=(16.793+0.084) kJ-mol™ and A,S,=(51.340%
0.164) J-K™+mol™. The experimental values of the molar heat capacities in the temperature regions of 78—-311 K and
333 -400 K were respectively fitted to two polynomial equations. The polynomial fitted values of the molar heat
capacities and fundamental thermodynamic functions of the sample relative to the standard reference temperature of
298.15 K were calculated and tabulated at an interval of 5 K. In accordance with Hess law, a thermochemical cycle
was designed, the reaction enthalpy of the solid phase reaction was determined as A H,=—(84.12+0.38) kJ *mol™, and
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the standard molar enthalpy of formation of the complex was calculated as AH,, [Ba(Nic),* 3H,O(s)]=—(2115.13+1.90)

kJ-mol™ by using an isoperibol solution-reaction calorimeter.
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capacity at low temperature; Isoperibol solution-reaction calorimeter; Standard molar enthalpy

of formation
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Fig.1 X-ray powder diffraction spectra of nicotinic

I(au)

acid, barium hydroxide and barium nicotinate
trihydrate
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Table 1 Data of IR spectra of main groups of
nicotinic acid and barium nicotinate trihydrate (cm™)

Compound  veo V_on Ven Ve Ven Ven Bing
HNic  1708.2 2827 1491.3 1595.7 810.7 1136.7 694.7
2441 1417.2 748.5 1088.1
1037.1
Ba(Nic), 1600.0 - 1399.8 1554.9 845.5 1184.7 704.4
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1031.1
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Fig.2 TG/DTG curve of trihydrated barium
nicotinate Ba(Nic),*3H,0 (s)
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Table 2 The results of phase transition obtained
from three series of repeated experiments
of Ba(Nic),:3H,0(s)

Thermodynam
CIMOGYIATIE 1 K AnH/(KJ-mol™) AnS./(J-K'*mol™)

property

X 327.608 16.927 51.668

X2 328.662 16.814 51.159

X3 325.020 16.639 51.194
(xx0,)* (327.097£1.082) (16.793+0.084)  (51.340+0.164)

N
2 Xy
‘o= “'MTD , in which N is experimental number (N=3);

x; (i=1-3) is a single experimental value of each series of repeated

measurement; x is mean value.

0
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Table 3 Smoothed heat capacities and thermodynamic functions of the complex Ba(Nic),*3H,0(s)
T/K Cp,n\ H'I'_HZ‘JS.IS ST_S?B.IS GT—G?)&IS T/K Cp.n\ HI—H?KIS ST'_SZ‘J&IS GT—GZ‘KIS
(J*K'*mol™)  (kJ'mol™) (J:-K'-mol™) (kJ-mol™) (J*K'*mol™)  (kJ*mol™) (J-K'-mol™)  (kJ-mol™)
80 184.55 -69.24 -1206 27.24 245 375.92 -21.46 -249.7 39.70
85 193.51 -68.26 -1170 31.17 250 381.21 -19.57 -225.6 36.84
90 201.96 —67.24 -1134 34.83 255 386.55 -17.65 -201.7 33.79
95 209.94 —-66.19 -1099 38.23 260 391.97 -15.71 -178.0 30.57
100 217.52 -65.10 -1065 41.38 265 397.46 -13.74 -154.4 27.17
105 224.72 -63.98 -1031 44.27 270 403.04 -11.74 -130.8 23.59
110 231.60 -62.83 -997.7 46.91 275 408.72 -9.715 -107.4 19.83
115 238.19 -61.65 -964.9 49.32 280 414.53 -7.665 -84.09 15.88
120 244.52 -60.44 -932.7 51.49 285 420.46 -5.589 -60.84 11.75
125 250.64 -59.19 -900.9 53.42 290 426.56 -3.485 -37.66 7.436
130 256.55 -57.92 -869.7 55.14 295 432.83 -1.355 -14.54 2.934
135 262.31 -56.62 -838.9 56.63 298.15 436.88 0 0
140 26791 -55.30 -808.6 57.90 300 439.29 0.8010 8.530 -1.758
145 273.40 -53.94 =778.7 58.96 305 445.99 2.984 31.56 —-6.641
150 278.78 -52.56 -749.2 59.82 310 452.94 5.194 54.55 -11.72
155 284.08 -51.15 -720.1 60.46 315  phase transition
160 289.31 —49.72 -691.4 60.91 320  phase transition
165 294.48 -48.26 -663.1 61.15 325  phase transition
170 299.60 —46.78 -635.1 61.20 330 phase transition
175 304.69 -45.26 -607.5 61.05 335 487.12 21.99 105.9 -13.49
180 309.75 -43.73 -580.3 60.72 340 494.19 24.44 113.2 -14.03
185 314.80 -42.17 -553.3 60.19 345 501.42 26.93 120.4 -14.62
190 319.83 -40.58 -526.6 59.48 350 508.86 29.45 127.7 -15.24
195 324.86 -38.97 -500.3 58.58 355 516.53 32.02 135.0 -15.89
200 329.89 -37.33 —474.2 57.50 360 524.46 34.62 142.2 -16.59
205 334.92 -35.67 —448.3 56.24 365 532.69 37.26 149.5 -17.32
210 339.97 -33.98 —422.8 54.80 370 541.24 39.95 156.8 —-18.08
215 345.03 -32.27 -397.4 53.17 375 550.14 42.68 164.2 -18.89
220 350.10 -30.53 -372.3 51.37 380 559.43 45.45 171.5 -19.72
225 355.20 -28.77 -347.4 49.39 385 569.14 48.27 178.9 -20.60
230 360.33 -26.98 -322.7 47.24 390 579.29 51.14 186.3 -21.51
235 365.48 -25.17 —298.2 44.90 395 589.93 54.06 193.7 —22.46
240 370.68 -23.33 -273.8 42.39 400 601.07 57.04 201.2 -23.45
F 4 7E298.15 K Bt R B (1) R B FIF= M FE IR TE IR T R IR R A

Table 4 Dissolution enthalpies of reactants and products of reaction (1) in the selected solvents at 298.15 K

System Solvent AH: /(kT+mol™) No. mlg AE,/AE, t./s 0./1 AH2 /(KT - mol™) i
HNic(s) 0.5 mol-L™ HCl  (12.69+0.17) 1 0.12319 0.8272 32.281 12.977 12.968 1
2 0.12320 0.6222 40.121 12.131 12.122
3 0.12374 0.7619 35.093 12.994 12.927
4 0.12322 0.8065 31.813 12.468 12.457
5 0.12427 0.8396 32.081 13.089 12.967
Ba(OH),*8H,0(s) solution A’ —(69.85+0.08) 1 0.15771 -1.7826 55.772 48.313 —-69.953 2
2 0.15752 -1.9207 51.718 48.273 -69.979
3 0.15794 -2.3484 42.325 48.302 -69.835
4 0.15711 -2.7578 35.701 47.845 —69.538
5 0.15709 -2.8332 34.953 48.123 —-69.953
Ba(Nic),*3H,0O(s) 0.5 mol-L" HCI  (39.64+0.13) 1 0.21766 1.4728 28.206 20.187 39.838 3
2 0.21756 1.5625 26.546 20.157 39.798
3 0.21730 1.5334 26.818 19.983 39.500
4 0.21729 1.5419 26.465 19.830 39.199
5 0.21776 1.2786 32.531 20.213 39.870

AH,=(AEJAE)FRt(M/m), where R=1017.2 Q; I=10.115 mA; M, the molar mass; m, mass of sample; t., heating period of electrical calibration;
AE., the voltage change during the electrical calibration; AE,, the voltage change during the sample dissolution; Q,, heat effect of the dissolution
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Table 5 Reaction scheme used to determine the standard molar enthalpy of formation of Ba(Nic),*3H,O (s)

No. Reactions

Formed solution (AH;, or AHy+0,)*/(kJ-mol™)

1 {HNic(s) }+“S”=solution A’

2 {Ba(OH),*8H,O(s) }+solution A’=solution A

3 {Ba(Nic),* 3H,0(s) }+“S”=solution B

4 solution B+{7H,O(l) }=solution A

5 6C ()2 Ha(@)+Ox(g)+1-Nu(@)=HNic(s)
Ba(s)+9Hy(s)+504(g)=Ba(OH),* 8H,O(s)

7 Hy(2)+(1/2)0x(g)=H,0(1)
8 Ba(s)+12C(s)+(11/2)Hy(g)+(7/2)0xg)+Ny(g)=Ba(Nic), 3H,0(s)

A (12.69+0.17), (AH))
A —(69.85£0.08), (AH,)
B (39.64+0.13), (AH,)
A 0, (AH,)

—(344.81+0.92), (AH;)

-3342.2, (AH,)
—(285.83+0.04), (AH,)
—(2115.13£1.90), (AHy)

“S” denotes 100 mL 0.5 mol-L™" HCI

=(2AH +AH,)~(AHA+TAH)+2AHA+AH~TAH,)
=AH+2AH.HNic(s))+AHo(Ba(OH),* 8H,0(s))—
7TAH (H,0(1))

=—(2115.13+1.90) kJ - mol™

SEAM-AT IL(UV-Vis) 618 AT e £ as 2 H
ol PRI R ) e 2 2L S AR P o2 A A [ ) 2
ACHE . P2 NE (1) HR 2 Ry 40 AR =40 ) s ik T A 321) P
W WA R B) AT LT 58 2401 1) UV-Vis
JEIEEL I A BIATEEHE BON (1.7379£0.0007), K
B 47(1.7382+0.0008). FHULAT LA H, K A TR
B Ab T[] $ O 2lR S X s gt S B A A TR
P R RN AR R R UE, PRt i Hess #AML2416
WG, BB HRITHE B A Y Ba(Nic), 3HO(s)
FABR IS IR A kS

3 & i

(1) DK A HRRBUEG I B 0 o ] DA
T S A A AR R i S B L
37, AT K A T PP - RS R

(2) 3 A2 125 TR K 4 4 S RS
_(84.1220.38) kJ - ol T . KA S 2 5
L, JHG L 25 T R A B3 . 3 80, S
W BTRH AR, 17— AR — i f,
MR R R LM AT, I (s A T2,
T, JHC 0 25 5 6 T S A S S . 1 L, 1
BRI HLAEAT 7O BLI I 1 T e AT U 17
PR AT

(3) 1129214 J2 57 401 7 0 Bl s e 2
SRR TR i, S8 TG R A R 45
SEESE T IR IV A 0 R s A 1

R AR AT AR, g Uk 1 B B4
e FEAN DRI TR

(4) TR HEFR B B M R J 2R B 2 — A2 X
(EAR K AL, Xl bl & -5 40 180 PR AR BB AT
FE, gt AR, 45 AR E .
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