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Thermodynamics of the Liquid-Phase Formation Reaction

for 2-nitrobenzaldehyde and 4-aminoantipyrine

PU Xiaohua

(Shanzi Key Laboratory of Phytochemistry, College of Chemistry and Chemical Engineering,
Baoji University of Arts & Sciences, Baoji Shanzi 721013, China)

Abstract : The thermodynamics of the liquid-phase formation reaction of 2-nitrobenzald-ehyde and 4-aminoantipy-
rine is studied. The RD496-CK2000 microcalorimeter was used to investigate the dissolution enthalpy of 2-
nitrobenzaldehyde, the dissolution enthalpy of 4-aminoantipyrine and the liquid-phase formation reaction enthalpy
of them. The enthalpy change of the solid-phase formation reaction was calculated by a feasible thermochemical
cycle which is based on Hess’law. In addition, the relative thermodynamics and kinetics parameters were obtained
through thermodynamic equations. The results indicated that the reaction is first order reaction and the reaction
rate increases with increasing temperature. For the lower reaction active energy, lower active enthalpy, but highter
negative active entropy, the formation reaction can be conducted easily. The study has revealed the the thermo-
dynamics of NTAP, which provided a scientific evidence for the fundamental researches and its phamacodynamics

as phamacological substance.
Key words : 2-nitrobenzaldehyde; 4-aminoantipyrine; liquid-phase formation reaction; thermodynamics
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J F R R R ER I S5 A A T I IR -7 A AEIE R R P B RN R RaO Gk 2 2 5 4 v
JREAEL AR T AT B | D), B UL A5 ) S B R R AR R Sy — R B G HRE . mT LA FH FDNARIAH
KAHTINRE 5 5 I5 0500 & BUBT O G 4- ZHE 28 UM 7 i I T AR ORI 2 — M 25 7. Bk 4h, Jt
SR B BA BRI TR TR . AT LT RS £, HR I PRI SR SR
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PRI PR — R R T 22 53 12 R T, BAE—E MR A MRS o i PR A o ke A b2
RN SIRE SRR MBARTBL. N sh 1 R LA — 0 52, J& BRGSO R T ) R 5 2 S R
LR — 254 RE . ASCRAMEE A, i il . Ak . @R BT, Re % T 2-s S F I 4- 28
TR AR AE R R A G 1], AFSE L RE A SN R R B | JRARA A 8l 2 A5
1 EEH
1.1 E5EHF

O-THFEIR S | A-ZIELFE AR . LA (DMSO) ¥ r#r4li. RD496-2000% i #4dt (FhE 45 BH
AT S A IR A F]) , SEErai AR B A By A8 H i 2 A 117029815 KA EN63.97 wV/ mW.
1£298.15 K Rl E Frali K CIFE 25 85 F/K v (VA ff46 h17.535 kJ /mol, 5 SCHRE17.545 kJ /mol) &4 . #g i1
1R R0.02% , RIAE IR GAER T 4E.

1.2 EWHE

FERSCI R WIS B IS, i VERER S b, I SE TR , AR S RN 2 it i 9 AN S B0 15
THIMAARE 5, B B S PRIRE SRS HGEE . i B R )T, REREIROEA ,
R A TR AR A o S 2R AT, Sy e R R A A A R A AME S RO et AR IE sk
k.

1.3 TMEENNK
1.3.1 2 A SR HH A i ke e D

AP EE HIN15.12 mg 2-AHFEAR S, N T IN990 wL DMSO, 7E2: L Hoin A S5 BT it %) 2- g 5k
A | BEE SR 29815 K, SR 125 8 75 12 I R 2- il 2K R I (R i ks, &5 SR L I& 1.

1.3.2  4-B KL EHE ARV ke il 2

FEA AN EE THN20.3 mg 4-ZIEZR AR, NWEE T IN990 wL DMSO. fEZ b in ASE T i 1 4- 2
RGO, B SR 298.15 K, SR 1.2 WY VRN R 4- 2 SR 2 LUAR BV A 25 R LT 2.
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Fig 1 Thermokinetic curve of the dissolution of Fig 2 Thermokinetic curve of the dissolution of
2-nitrobenzaldehyd in dimethyl sulfoxide 4-aminoantipyrine in dimethyl sulfoxide

1.3.3  NTAPYRFHAE B K B 2
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SC TR EE303.15 K, 308.15 K, 313.15 K,
318.15 K DU/ L B 2-fif R HI i 5 4- 2 5L 285 LUAk
VAR AE B REAS . ARSI AR EE L mL 0.1
mol/L 4-ZFE R AR, NEE T mL 0.1
mol/L 2-fEER . S et ol 2- i SR i FH LmL
DMSOAR, K124 )5 A 75555

2 HERETHE
2.1 NTAP MEEE R R R+ E

C7HsNO;(s) +  CHi3N30(s)

Asol]{me ( 1)

Asoll{ me (2)

0N HC=N CH;

2/
H 0 — —
AN N
0N + 0 N CHy & N \CH3

3 Z-EﬁgﬂﬁEﬁEﬁM-ﬁ%?"étt*ﬂiﬁﬁiﬁ'ffﬁfiﬁiﬁﬁiﬁ
Fig 3 Liquid-

nitrobenzaldehyd and 4-aminoantipyrine

phase reaction equation 2-

AH(s) CgH6N405(s)
(x+y)DMSO + (x+y)DMSO
A (1)

C;HsNO; - xDMSO(I) + C;,H,3N;0 * yDMSO(l)

4 2-THEXRBI-IER

B LAk B AR B R PR L F B ER

Fig 4 Thermochemical cycle of solid phase reaction for 2-nitrobenzaldehyd and 4-aminoantipyrine

298.15 K NTAP [ AHA: s b FA AT 4% (Kl 4384k 2= 106
Ftaaiel. 298,15 KERHEEE /RIS A HY (1) |
Agor HS(2) KBNS A, HE, (1) 13702 510
L IBINAHE (1) = 20.23 kJ-mol~?, Asole’ (2)=
14.36 kJ-mol~'. 25 CHPVEAHA WU MWKEAEA, HE, (1)=
-19.13 kJ-mol . Ha%ﬂ;ﬁm@TU%@tH!if“%E’Jl*ﬁ
ARG« AHY (5) = A HE (1) + A HY, (2) +
A, H? (1)=15.36 kJ-mol~*.

2.2 NTAPHIRLFEHAR
2.2.1  NTAPRIRAHAE BN #48) g 27 i 2k

KFH1.3.3 SCER Tk, AT ARSI R T 2- il 3k
A 5 4- S LR FEAMRAEDMS O 751 Hh 2 g 3 A 1Y)
W fph4 , LA313.15 K M, WniE 5.

P IS AT, 2- AR Y R 4- S 2B ORI

PSR RSN . A5 TR RE T 2- A R Y B R 4- G Rk 2 % UPRTRORH A 1l S I QAT S oy s A
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Fig 5 Thermokinetic curve of the reaction of 2-

nitrobenzaldehyd with 4-aminoantipyrine

EI

F 1 TRELIRETHRHESE B R B R R RQFN R ML KE T
Tab 1 Reaction heat and enthalpy change of the reaction of 2-nitrobenzaldehyd with 4-aminoantipyrine at different

temperature
T(K) Q(mJ) A HY (s)(kJ-mol ™)
298.15 1913.81 19.14
303.15 1 824.67 18.24
308.15 2 174.91 21.75
313.15 2 168.47 21.68
318.15 2 173.01 21.73
i 2 050.97 20.51

2.2.2  NTAP BOWAA BN 8 15057

2- A HRER B 1 4- 28 228 UMAEDMS O P S Y 2l g2 05 R el X (1) FI(2) s
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da/dt=kf(c) (1)
fla)=1-a)" (2)
BHREECAM)F, 115, -
g =k-a) (3)
HTa=H,/H, , ¥HAUA(3) FEXFIZ I FEBOMEL, Fetfe 2 J5 rI A A0 T 7 -
ln{Hl_O(d£t>j:1nk+nln[l—<§)j i=1,2,---,L (4)

Ao AR5 f (o) RN 1% TR s RRILRIHATHORIIEL 3 H R TR A 5 Ho AT
RSB EL 3 hR RBEIRA T B e ROBAL. K AN FRE 2R A4S 42 85 HEM/EDMSO
SR T2 BB (e2) fOA TR (4) o, 485100 [ (480 | fin [1— (20 ) [ PR CLIEIG~FE19) . A0 1D
S RIS RO, B Ik, fLAHEAILZEs.

%k 2 ARIEE T2-HEFPEBE-SERE LRI 2 HE

Tab 2 Thermokinetic Data of the reaction of 2-nitrobenzaldehyd with 4-aminoantipyrine at different temperature

T(K) t(s) dH (dt) Hy(mJ)
1 830 0.008 7 504.09
2196 0.008 2 552.34
303.15 2 562 0.007 9 598.33
2 928 0.007 5 642.37
3204 0.007 2 684.55
1 260 0.018 9 482.92
1512 0.017 8 557.44
308.15 1 764 0.016 4 624.44
2 016 0.015 5 687.29
2 268 0.014 8 747.03
2 064 0.022 8 948.75
2 236 0.021 4 1 008.24
318.15 2 408 0.019 9 1 063.74
2 580 0.018 7 1115.54
2 752 0.017 6 1 164.22
2 924 0.016 8 1 210.40

R 303.15 K, 308.15 K, 313.15 K, 318.15 K I Ho43 /il b1 824.67 kJ, 2 174.90 kJ, 2 173.01 kJ, 2 168.47 kJ.
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Fig 6 Liner relationship diagrams of Ink and n at Fig 7 Liner relationship diagrams of Ink and n at

303.15 K 308.15 K
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In( 1/H.dEH/dr)

11. 30

-11.35
-11. 40
-11.45¢
-11.50
-11.55
-11.60
-11.65

-1L.70

-11.456

-11.50 -

-0.60 -0.55 -0.50 -0.45 -0.40 -0.35 -0.30
In(1-Hy/H)

8 313.15 KFflnk Snhyk X RE
Fig 8 Liner relationship diagrams of Ink and n
at 313.15 K

® 3 FREET2-HEXPEML-IEZEILKR
Bz B R EnFNE R B Hk

Tab 3 Reaction order and rate constants of
the reaction of 2-nitrobenzaldehyd with 4-
aminoantipyrine at different Temperature

T(K) n Ink k

303.15 1.3 -11.85 7.14%x1076
308.15 1.4 -11.28 1.26x107°
313.15 1.4 -10.93 1.79x107°
318.65 1.3 -10.72 2.21x107°

H1 23 rh B dha mT R 2-firg R T TR A4 B L
MAEDMSOH SR i W —ZR B RL . S5 Bfe Je 3
A E5), Plnk ~1/THEE (E110) , #44 ATR B

W E, (GLEE) , BN AFERTH ).
% 4 REERE T332 58k B4 S 2% Lk e R R P A N 255

Tab 4 Thermokinetic parameters of the reaction of 2-nitrobenzaldehyd with 4-aminoantipyrine at different temperature

< -1L55
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= e
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1165 &
-1L70 F )
-
S1LT5
.
11,80 . . . . .
0.85 -0.80 -0.75 -0.70 -0.65 -0.60 -0.55
In(1-Hy/Hg)

9 318.15 KEflnk5nii& xR E

Fig 9 Liner relationship diagrams of Ink and n

at 318.15 K
1nk=—]§;,+1nA (5)
R4 F 51y AR
k ASY kg\ AHY
mr={% ™% ) & (©6)

H: kp = 1.38x107°% JK ', h = 6.626x1073
Js~!', R= 8.314 Jmol "K', Lln(k/T) ~1/THEK]
(E11) , Al RS FER A HS (RAEES) FIASY (ifk
1), PRI T T 5 (K7, AR IR
TR T RIAGE (AL A A HEE) , AT R I
4.

AG% =AH)—TAS" (7)

3

T(K) E,(kJ-mol™!) ASY (J- mol 'K™) AHY (kJ-mol ") AGY (kJ-mol ™)
303.15 103.50
308.15 58.24 -159.18 55.65 104.81
313.15 106.12
318.15 107.56
-10.6 —
- -16.4F -
~10.8 "
- -16.6
1101 >
-16.8 h
L1124 . E\
= = -17.0 .
T =
17.2 1
-11. 6
-17.4 -
~11. 84 -
- -17.6

-12.0 T T T T
0.00312  0.00316 0.00320 0.00324 0.00328 0.00332
T

B 10 Ink~1/THIERIZMEXRE
Fig 10  Liner relationship diagrams of Ink ~1/T
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Fig 11  Liner relationship diagrams of In(k/T) ~1/T
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