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JRER A Na (C, H, NO,)(s) HIR B R B AL

WA, LEE AR, £ 47, AR
(1. WSR2 T2, T 2520595 2. Hh EIRA e K G% 1k 2 WU BIR 55 T b 4 S0 80 %, K% 116023)

WE B ITERRREN TOKRERRENE N SO, FH IR ARG RO A A BT JooK IR AN, A FTIR F1 X
SRR AT T EIAT T RAE, FI LD FITC R 53 AL A Na(CoH,NO, ). FIHE %5 H sh 4k
AT ELEAE 78 ~400 K A X E A IRIR AL, R4S SRR, LA WAE IR X A o 5 R &
A /NS S B IR AR AT LG, AR R BT AR i 2 0 R O B TR
Uy, BRTEIEREIX A1 4R 5 K AYEF P EAATR T 298. 15 K B (O3S R (. 7e b 3eal b s
BeHE BRI AIEER , 1T 1 mol/L NaOH ¥ VR AE 2 A, 1 A5 TR PR 58 8 e - S o, B4 B - 31 DU 75
H S NE (1) S5 49 R P A e BT S v 300 v R ks, AR B AR SO ) SORERS . SR, TS R O K AR R M rr A o 2
IRA NG A . AHY [ Na(C H,NO,) , s] = - (548.96 +1. 11) kJ/mol.

KB MEIREN; deihE Ik RRIAES ) M-SV R R ARUEEE IR AR RS

FESES  0642.3 XHERFRIAE A MXEHS  0251-0790 (2008 ) 04-0799-06

MR HA A BN A2 s PR SR R 2 rh el A, T n] DA 1 — 2R 50 e B IEL A4 7 i, T EL AR
A B n] T RRG ARV 2500, SR MR h Al IE R i B2 T, S5KR0R, BRIEAR K
(-, AERFACN AOTREBCT- 8, JF BRI | BT KR ARH K A 200y, 48 SCHR[ 1] A9HRGE , AR
BATENAR N AT DU A RO B , ARG e PR A= 28 PP, X 4455 1E 5 2 4UAY S M A D R LA 302
SC, AT E AR N, S TR S R R A S A B FVE R A T TR EE A, )
SV OB B ik = R 1 X 2R A I I A FIAR S B TS TARRITR AT . W) A A e o ik
MBS — T AR JR A ke T2 IS L3t 5 B 2 5 O AL~ ST ) SOREAR | e
O B ASORT LS 7 3R I i e M ) T A 2 —

ARSCR S MRS ARG R 2 G T KRR BN, RAE T B ALSCRIZS Y, W T EAE 78 ~
400 K o Fil PN AR TP . M) T A58 R SR  f- S T BRI k1 R S 7 ) Js2 Rz 400 A 7 ) 1 T2
SRS | AT S AR SONE ) SOBERE 2 10 AR B PR s v P K A 1SR

1 SEIGESY

1.1 KF 58

ST R R A B Al MR (ZEE > 99.6 %, KRR LI R T, JCoK R 4l (4l
FE>99.5% , R85 =) ). XD-3 A X FFMARRTHL; 92 E Nicolet 5700 £ FTIR iYL,
1.2 #HEHER

FH CP-225D #UHLF KV CKEFE A 0. 00001 ) f™ A% Fc I 1 1A% R JR BE 43 S0l Bk LGS o 1) [T AR R T (24
4 x107% mol ) FITCIKEMREN , HCABKIEHLAYIDFGFHE (Z5FRZ) 150 mL) 1, L 400 r/min FY3 BE 5553 A1
HELLTES 8 h T, FTFERESOLAYIGHGHE , T LUR 20 s ik ZL A BEIR AR. e KBS &), # A
I FGERE NI FGER [T, BT IS R OB AR A0, FRES IR AR IEATY S, AR A R A BR
FENLIDHGHE , FARZEOTES 6 h LU L. SR, e il DO SGE rh i A JS stk PR T T AT 4m s
JEA B TEAA R, 7660 C F T4 ~5 hJa, B HEUEB AR, BT RS h &,
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1.3 HRHNEHRIE

X PPERRARRTESLERAE XD-3 B X S LA ARAT AL (AL 5t e AR A PR TR A w4 ™) 158
. 50 0.01°, Cu Koy $@HT(0. 154056 nm) , B HLE R 36 kV, EHIGN 20 mA, A1 S0048, 94
BRIy 4°/min. HATGH BTk K ULIE 1. MBI 1 ATE Y, 7E 20 =25° ~30° 2 [A], M2 (File No: 30 ~

1845) A 4 AR WL A9 177 5 0, G K 85 R 494 ( File

No: 28 ~1029) 4 2 W] A SE A AR I A A7 S e M CLHNO

AR ER (File No. 46 ~1512) HUA—~I 5 i 7 5

W, AHRENE 20 =30° ~ 322 h BLRI A 4 B A0 17 N u o

SPE. 534h, T8 20 =37° Mk, JoKEERRENA T —

SERMRATAYAT S0, 7 = ) P X P AN I T K. wiwkiﬂéﬂifi

PRI, A 52 07 0 ) AR AR A S U EC 2 72 Sy 7 ) 1) il '

SRR TS | PR S (R R S A S
SR HE5E AN , 3K 1, B ATH 7 00 TG 7K P R o 3 Fig.1 X-ray powder diffraction spectra of nicotinic
oF [ - [ AH B2 AR 2 55 A h— R B i —— i R 4. acid, sodium acetate and sodium nicotinate

FH3EE Nicolet 5700 %Y FTIR S {% ( 35 #HL J& &5 T A AR 28 7 A= 77 ) X 418 18 A0 408 72 6 1) 32 2 56 A
AILTAMAE R SCHEAT T IR A 1, HEE SR e 1. 321 Al L, MImRANRIE | O—H ARG 4s 4R Sl
Wy o, 8RR, X SMRRE FRES SEMNE G, VAT H B D EIRR AL g B ok
K. MIRBRENRIE LAY C — O MR8l v, £ TR KA B UL e i B Fi SR LET
ER. 3R 1B I, C = N BRSNS v B AR Y P A~ D6 A8 SR H R B v i) — S 0. FE TR
HC o= N WP Ae s, FBRIER/N, MITEMBREN T, C— N Byl v —A 5 B K ) 5
e, HSMWMBRA ) v (L EA TRKMLRS. FRESCHR[ 4] 25, X AT RESE i TR a0 b i el s
FHHMERER 1A N JEFIERL T Na—N 8, MIMIFEAL T C = N #ryfbstae, fff ¢ = N i i4idks)
WA s N R AR S5 P (R WA SRR & A T B 8l U BH el TR S RINIE BE 34 1 N S 5 c A,
e A TR B A R R P (WA & AR A B, B ERR | S, BRI K A s A it v T I PR R A 5 i 1)
S5 SIAh, JHRREA Y LN MTE I TR A K (v ) BRI, BB B AR i Th A B 2 oK.

Table 1 Data(#/cm™') of IR spectrum of main groups of nicotinic acid and Na( C;H,NO,)

Compound Ve=o V_0H(—COOH) Ve=N Ve=¢ Ve—N Ve—n Ye—n
C¢HsNO, 1708 2827, 2441 1491, 1417 1595.7 811, 749 3071, 1137, 1088, 1037 694.7
Na(C¢H;5NO, ) 1616 — 1408 1558.5 847, 756 3054, 1199, 1092, 1032 704. 4

A2 T Ao T %R FR B Na, C, NRTH B & B30T 70, BAE TR 957008
Na(C¢H,NO,). it Na, C, N Fl H Be & 2 AL I I & 5 Z R0 LUAE, B0 876 R o 1Y 40 B e
99. 0% VA b, FF6HG 5 B S0 XA it 21 B A 0K
1.4 HREEBEHRBIHNE

IR 52 76 1§09 /N EE SRS 2% A sh 4 v B B rp AT B o 2.08485 ¢, AP
1.4369 x 10 % mol (431K 145. 093 ). A w5t LA 1] R BRoRn 22 2 2 i i 07 R e A 7, It i
JEVE A 78 ~400 K, VRANE R, ARt i i #AGHR A H7E 0. 2 ~0. 4 K/min Z[8], FHEEIFEE
H7E 2 ~4 K Z]. fERED RGBT, ABe SRS A SR Z AR 22 7T DL sh#IAE 0. 001 K DA, B
SRS TE T B TR B AR A R AT RIAE 1072 ~ 107 % K/min. 7ERFSCE | 4045 o REFINIEL B 76 N 1Y BT
AR AL E B RAEFLE R AL, A T UESZ L PGB I A5 S R M, T T
WS EZIREY T a-AL0, 7E 78 ~400 K I DX 18] (1) FE R I, SO0 H00H 7 55 I b o 2 B AR BIF 5% B
(NIST) $2 4L A5 7 22 ] (R A iR 25 7F +0. 30 % LA
1.5 HEMmbREEERE KIS BNE

FE SRR A T RE 2 AE SRC-100 B - 2 0 R (BRI 24 ) kAT, AN s iR Al 8 35 i
RO A B8 B FH AR BELA T R A SRS, IO A i b LA ol it BRIt rE AT 4 AR TP i — A
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ZIESCHR[ 8 T, #£ 295 ~310 K I DX (] Py IS5 1400 FAVA i RHL iy P 3R A1 5 TR AR A (2
MR, BRI AT ) FH AR O B A r AR AR R TR AR Ak, IR SE B0 R bR L0 P AR IR 2,
BT A R 28 PR A BEL %) A RO R AR N 2 T A sl SR AR R B AR ok . BT BE 2
g P A U VS A SE B 45 TR PR, e FUR S T AR ). i S 0 A RS S 6 1) TR 25 3 o B T
U IR IE R 58], R KB FEIERE E N £0. 001 K, MRS HE A +0. 0001 K. SC56 IR F—
M HITE 298. 15 K. 36 EAniE Rfe it ay i 2niE Y Bt THAM(NBS-742a) 7E0. 1 mol/L R H1 Y J2
REKS F KCL 7E R ZEAR/K P AT e il S e B0 TE {3 v 8. SCIR 28 SRR HH | SEB0BUR 5 SClikbr
WESHHE N Z R AX R 22 7E +0.30 % LLIA.

2 HR5HE

21 #%  0F
FERRI €, ~ T HZR LI 2. MBI 2 AT L, AE 78 ~ 400 K S Bl P 08 8 4 14 FEE /R 4075 It 26 Y B2 1) T 85

i E St AN ARSI, R th B ol
PSR IG, XUV B XA AR E 300k

F R/ N SR 4 R X 89 NIV S IR (L Y a5k
ST AL AT 2 IS4, 551 B AR () - 2 |
mol '« K™') X 4r& TRLEE i Z 1= Rl S 1sof

C,. =175.699 +152.738X + 26. 754X + ~ 00

4.122X° - 4.967X" sobe L

iZ;T:E/’({ 78 ~ 400 K EEIXI‘EHW%&)‘}( X j‘j*ﬁ%&%‘l 100 150 200 nszﬂ 300 350 400
B X=(T-239)/161, HH1 239 /78 ~400 K Fig.2 Curve of experimental molar heat capacities
%%EIXI‘EHE/‘JJ:FE(M)O K) 5?5&(78 K) Z ) — of sodium nicotinate Na( C;H;NO, ) (s)
A 161 A FERE X H FRR (400 K) 5 FFR(78 K) Z220)—2. SR G R (X) AT -1 F 1
ZIE), G r R, AT E IR A S 20 X AR RGBS, W SCIR(E FIETFHEZ

() ) i 2568/, R A ATl A 6 3 X ) T8 5 (B (A5 A 25 38 B B/, IR 4R 0 R HR B 4 4
BF, AHOCREL R? =0. 99996, A TLIA 557 T(E Z (M AR XMW 257 £0. 3 % LLA.
2.2 MAhZEEY

T o A B TR AR A 2 R T R AT 78 ~ 400 K PN AR IR S A AT A, 38 1o E R HR
HL2W A BT EER Yy, v LR B RS N T 2= R EUE. 3% 2 A 78 ~400 K B[ S K 1)
EPFBAE LA KA T 22 bR, AR XA A IR T, BRI 5312 RN RN

T T
Hy = Hyy 15 = J;‘)S.ISK p,de’ Sy = Sogs sk = L c,,T'dr

98.15 kM

Table 2 Smoothed heat capacities and thermodynamic functions of sodium nicotinate Na( C,H,NO, )

Cp,m/ <HT - H298. 15K )/ (ST - 5298. 15K )/ Cp,m/ (HT - H298. 15 14)/ <ST - 5298. 15 14)/
T/K T/K

(J-mol™" « K="y (kJ+-mol™') (J+emol~'-K™") (J-mol™' - K™'") (kJ-mol™") (J-mol~!-K"")
80 42.26 -29. 14 -149.30 245 181.4 -11.050 -40. 590
85 46.31 -28.92 - 146. 60 250 186.3 -10. 130 -36. 880
90 50. 35 -28.68 —143.90 255 191. 1 -9.191 -33.150
95 54.36 -28.42 —141.00 260 196. 1 -8.223 -29.390
100 58.36 -28.14 -138.20 265 201. 1 -7.230 -25.620
105 62.35 -27.83 -135.20 270 206. 1 -6.212 -21.820
110 66.33 -27.51 -132.20 275 211.2 -5.169 —18. 000
115 70. 30 -27.17 -129.20 280 216. 4 -4.100 -14.160
120 74.28 -26.81 - 126.20 285 221.6 -3.005 -10.290
125 78.25 -26.43 -123.10 290 226.8 ~1.884 -6.39
130 82.23 -26.03 -119.90 295 232.2 -0.737 —2.480
135 86.22 -25.61 - 116. 80 298. 15 235.5 0. 000 0. 000
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Continued
K Cpn” (Hp = Hagg 15x)/  (Sp=Sss 15%)/ K Con” (Hp = Hyog 15%)/  (Sp =Sz 15%)/
(J-mol™" + K="y (kJ+-mol™') (J+emol~'-K™") (J-mol™' - K™") (kJ-mol™") (J-mol~!-K"")
140 90. 23 -25.17 -113.60 300 237.5 0. 438 1.461
145 94. 25 -24.71 -110.30 305 243.0 1. 639 5.427
150 98. 28 -24.22 -107. 10 310 248. 4 2. 867 9.419
155 102. 30 -23.72 -103. 80 315 253.9 4.123 13. 440
160 106. 40 -23.20 -100. 40 320 259.5 5. 407 17. 480
165 110. 50 -22.66 -97.10 325 265. 1 6.718 21.550
170 114.70 -22.10 -93.73 330 270. 8 8. 058 25.634
175 118. 80 -21.51 -90.33 335 276.5 9.426 29. 760
180 123. 00 -20.91 -86.92 340 282.3 10. 820 33.900
185 127.30 -20.28 -83.48 345 288. 1 12. 250 38.070
190 131. 50 -19.63 -80.02 350 293.9 13. 700 42.270
195 135. 80 -18.97 -76.53 355 299.8 15. 190 46. 490
200 140. 20 -18.28 -73.03 360 305. 8 16. 700 50. 730
205 144. 60 -17.56 -69.51 365 311.7 18.250 55. 000
210 149. 00 -16.83 -65.96 370 317.7 19. 820 59.290
215 153.50 -16.07 -62.40 375 323.8 21. 420 63. 600
220 158. 00 -15.29 -58.82 380 329.8 23. 060 67.930
225 162. 60 -14.49 -55.21 385 335.9 24. 720 72.290
230 167. 20 -13.67 -51.59 390 342.0 26. 420 76. 660
235 171.90 -12.82 —-47.94 395 348.2 28. 140 81. 050
240 176. 60 -11.95 -44.27 400 354.3 29. 900 85.450

2.3 HFmAERRIAT0E M R B R KE

TEH HA 298, 15 K B ARIEEE /R A UG HE2 (1) 1 Hess L 2EEIA 01T .

C.H,NO,(s) + CH,COONa(s) — Na(C,H,NO,)(s) + CH,COOH(1) (1)
IR (1) B2 B RO, L2 1 mmol Na( C H,NO, ) FHEEAE, 2 BIFRE—E R A (1) FE R
YrFn=4y, BEHE 100 mL HREE R 1 mol/L S A ALARYE R S 3RS, 43 i s L s

SeRE IR T T K BR8N 43 M AE 80 CF T I TRAA LT, MERFRIE LY 0. 123 ¢ MR, 7
298. 15 K BPE I ELE 1 mol/L M E E AL IR . 5 YOPATINE W B XS ( AH, ) S5 RIIFER 3
M A7 100 mLREEA 1 mol/L WS AR WL, I it A5 il R0 Ry

{CeHsNO,(s)} + “s” = Solution A,
HERAFREE 2 0. 082 ¢ WY IC/KBEFRAN, 1E 298. 15 K BP HUAMRAEA T A, H. 5 UOEATINE 7 ik
HY ) S5R5) T3 3. i Ba] Romh
{ CH,COONa(s) | + Solution A, = Solution A,’
HERFRIEZY 0. 06 g MIBRAR , K HAMETE 100 mL ¥REEA 1 mol/L Y SAMENE I D, i THSIRIES
KPS R, IUERERNER.: (1) BEREGITE 17 ~18 C, FBRIUIHIRWIELHE; (2) B
T SR U A TR o 55 55, DA R PR I b T A R 42 A 1T JC ik MERA 328K, 3 i s A2 i e ¢ ik
FEAR 2 A5 IS PR S SE 90 25 SR Ity e () I 25 76 S0 3 () DR 22 Ju LN, v Z AT, 5 O AT & i i
filEkE (AH, ;) BERSIIER 3 . IWH g B n] 3R R
{ CH;COOH(1)| + “s” = Solution A,

HERRIFR IR ZY 0. 145 ¢ COHET-FIME 5 1 JOK MRIRREN , R HIE MR ARV IR A, H, 5 UCOTHAT I I 0

(AH,,) B5PRINTER 3 . MIEES R RoRh
{Na(C,H,NO,) (s)| + Solution A, = Solution A,’

WNARARYE Hess 78 FEFIA A0 025 RT3 AR RN (1) RIRNEAS A Hy , TSI A, R A, FEAL L
SER RN R 2 B Ay TTER AR ], B T 20k T AR R $ O 2IRES. itk 0 o 1 TR
AVFA, SRS R] BT RN ORI A5 SR T E Y, PR TR Y 52 A= AT DO AR LR 58
S AHIA]. I A B (1) B SO 0SS BRI A S P S BRI A, B 58

(A,

B
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Table 3 Dissolution enthalpies of reactants and products of reaction (1) in the selected solvents *

Avg. AHY ./ AHE/
System Solvent ’ No Meensny/ 8 AE /AE, t./s (2
(kJ « mol~") (kJ + mol~")
Nicotinic acid 1 mol/L NaOH  -23.615 +0. 214 1 0. 12303 0. 8181 59. 141 -23.513 -23.528
2 0. 12315 1. 0350 46.422 —-23.349 —-23.341
3 0. 12308 1.0817 46.516 —-24.452 —24. 458
4 0. 12312 1.0434 46.172 -23.412 -23.410
5 0. 12305 1. 0553 45.484 -23.326 -23.337
Anhydrous Solution A, -12.257 £0.023 1 0. 08273 0.6573 38.750 -12.378 -12.273
sodium 2 0.08213 0. 6897 36.734 -12.312 -12.297
acetate 3 0. 08231 0. 7459 33.687 -12.211 -12. 169
4 0. 08220 0.7288 34.750 -12.307 -12.282
5 0. 08240 0. 6897 36.750 -12.317 -12.262
Acetate acid 1 mol/L NaOH = -53.979 +0.457 1 0. 06066 0. 8939 123. 985 -53.859 -53.317
2 0. 06045 0.9320 123. 672 -56.013 -55.642
3 0. 06073 0. 9069 123.718 -54.525 -53.914
4 0. 06088 0.9109 123.749 —-54.779 -54.032
5 0. 06058 0. 8902 123. 578 -53.460 -52.992
Anhydrous Solution A, -5.125 +0. 059 1 0. 14508 0.4268 24.781 -5.140 -5.140
sodium 2 0. 14536 0. 4826 21. 407 -5.020 -5.012
nicotinate 3 0. 14545 0. 4903 21. 500 -5.123 -5.110
4 0. 14511 0.4973 22.093 -5.339 -5.338
5 0. 14517 0.4720 21. 906 -5.025 -5.022
# m; Mass of sample; . heating period of electrical calibration; Q, = — (AE/AE.) - I*Rt; heat effect during the sample dissolution;

AE_ ; the voltage change during the sample dissolution; AE, : the voltage change during the electrical calibration; Aan‘il = Q/n=-(AE/
AE.) » PRi(M/m) ™M}, where R is the electro-resistance (R = 1213. 09 Q at T=298.15 K ), I is the current(/=20.015 mA), and M is the
molar mass of the sample.
SRR AR RS, WU T B R A IR B G B, T LRI R TSR TR B 1 S B B
(1) KA (A HY ) TR .

AHY =Y AHY Gy — O AH oy =AHS +A HY ,~(AHY +A HY ) =(23.232 +0.509) kJ/mol

2.4 A% Na(CH,NO,) (s) IIREERERIE
FH SO (1) H I A R i A 1) JHC 8 0 Jo 1 s o RS R A2 iUKS . AHY (CHLNO,, s) = — (344.81 «
0.92) kJ/mol'™®" | A, H® (CH,COONa, s) = —710.90 kJ/mol"*' #1 A H? (CH,COOH, s) = — (483.52

0.36) kl/mol"™ | &G54 N (1) i SN AS AT 5 H T K R A P B v B SR 2 ks Ay
AHY[NaC,H,NO,, s]=A HY + AH® (C,H,NO,, s) + AH®(CH,COONa, s) —
AH® (CH,COOH, 1) = (-548.96 +1.11) kJ/mol

g5 AR MR 5 JC /K G R Bh 11 AH BBy Y S AE Sh (23. 232 £0.509) kJ/mol, WA . AR A
PR E R SEEAE G R AN RS IR S R (ER, DSOS TR LR AT UL, By i AR KT
%, R E A A R SRR S R A, TEEREENLER A AL ER T, A5 e [ AH A Rl
WEAS LA =)0 7 AT, 540, MRBREN AR EEE JR AR iU & — e RHE AR B Al , X &5
P RCE RS E B BUA L, RB TR, S5 AR E.
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Low-temperature Heat Capacities and Thermochemistry of
Sodium Nicotinate Na( C.H,NO, ) (s)

YANG Wei-Wei' , KONG Yu-Xia', DI You-Ying'*, SHI Quan®, TAN Zhi-Cheng’
(1. College of Chemistry and Chemical Engineering, Liaocheng University, Liaocheng 252059, China;
2. Thermochemistry Laboratory, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract Nicotinic acid and sodium acetate were chosen as the reactants, a compound sodium nicoti-
nate was synthesized by the method of room temperature solid phase synthesis. FTIR and X-ray powder diffrac-
tion technique were applied to characterize its structure, and its composition was determined to be
Na(C4H,NO,) by chemical and elemental analyses. Low-temperature heat capacities of the compound were
measured by a precision automated adiabatic calorimeter over the temperature range from 78 K to 400 K. A
polynomial equation of the heat capacities as a function of the temperature was fitted by the least square
method. On the basis of the fitted polynomial, the smoothed heat capacities and thermodynamic functions of
the compound relative to the standard reference temperature 298. 15 K were calculated at the interval of 5 K.
A reasonable thermochemical cycle was designed on the basis of the solid phase preparation reaction of the
substance, 1 mol/L. NaOH solution was chosen as the calorimetric solvent, and the standard molar enthalpies
of dissolution for the reactants and products of the solid phase reaction in the selected solvents were measured
by an isoperibol solution-reaction calorimeter, respectively. In addition, the enthalpy change of the solid
phase reaction was determined to be (23.232 +0.509) kJ/mol from the data of the above standard molar
enthalpies of dissolution. Eventually, the standard molar enthalpy of formation of sodium nicotinate was de-
rived to be: A H [ Na(C,H,NO,), s] =( —548.96 +1.11) kJ/mol, by the combination of the enthalpy
change of the solid phase reaction with other auxiliary thermodynamic quantities.

Keywords Sodium nicotinate; Adiabatic calorimetry ; Low-temperature heat capacity ; Solution-reaction calo-
rimetry ; Standard molar enthalpy of formation
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