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®1 fifes 20 N—H g1 O—H i K
Table 1 The main bond length of C—H bond and O—H bond after optimizing
molecular structure bond length/A molecular structure bond length /A
HA - HNO, N(2)—H(13) 1.115 HA - 3HNO, N(2)—H(14) 1.046
O(3)—H(13) 1.468 0(6)—H(14) 1.771
HA - 2HNO, N(3)—H(13) 1.065 HA - 4HNO, N(2)—H(15) 1.028
O(3)—H(13) 1.629 _ "
£2 ffb)a HA o rry EEEK
Table 2 The main bond length of HA molecule after optimizing
molecular structure  bond"’ length /A bond?’ length /A bond*’ length /A
HA - HNO, N(2)—C(3) 1.544 C(3)—N(1) 1.462 C(5)—N(1) 1.491
C(6)—N(3) 1.491
N(2)—C(1) 1.544 C(1)—N(3) 1.462 C(2)—N(1) 1.494
C(2)—N(3) 1.494
N(2)—C(4) 1.530 C(4)—N(4) 1.467 C(5)—N(4) 1.496
C(6)—N(4) 1.496
HA - 2HNO, N(3)—C(2) 1.547 C(2)—N(1) 1.459 C(5)—N(1) 1.494
C(5)—N(4) 1.492
N(3)—C(1) 1.545 C(1)—N(2) 1.460 C(3)—N(1) 1.493
C(3)—N(2) 1.492
N(3)—C(6) 1.554 C(6)—N(4) 1.457 C(4)—N(2) 1.494
C(4)—N(4) 1.493
HA - 3HNO, N(2)—C(3) 1.553 C(3)—N(1) 1.456 C(5)—N(1) 1.494
C(6)—N(3) 1.494
N(2)—C(1) 1.554 C(1)—N(3) 1.456 C(2)—N(1) 1.493
C(2)—N(3) 1.493
N(2)—C(4) 1.553 C(4)—N(4) 1.457 C(5)—N(4) 1.493
C(6)—N(4) 1.493
HA - 4HNO, N(2)—C(1) 1.557 C(1)—N(3) 1.456 C(2)—N(3) 1.493
C(5)—N(4) 1.493
N(2)—C(4) 1.558 C(4)—N(4) 1.455 C(6)—N(3) 1.493
C(6)—N(4) 1.493
N(2)—C(3) 1.553 C(3)—N(1) 1.456 C(2)—N(1) 1.493
C(5)—N(1) 1.493

Note: 1) The C—N bond adjacent to the N—H bond. 2) The C—N bond adjacent to the H—N—C bond. 3)The remaining C—N bond on hexatomic ring.

E

binding energy = fragment 1 +Efragmenl 2 _Elolal ( 1 )

£ B3LYP/6-31G /KF F 435l xf HA (B 1) i
T~4NAGT (B 2) mgaae (X)) 17t
B TFREE R LR 3,85 G R IEAE B TR .
BEE NA 7> 2 0 G B s K, 2 &1k
AR E . M NA o FHGA R 4 1, 45 A BEMME L HA
FFEH A NAGFLEEITRRAERM 2 582,
I AT, HAMN 1) 25 2 W RfE NA 35 OF LRSS &
4.3 HAE1~4 4 H,045FHER

TER BB B T4 HNO,Jr F4h , i fE e R
H,O 4»F. [F#:,iE A Gaussian 03 # {4 f.7F B3LYP/
6-31G K E4ral %t HA F1 1 ~4 4~ H,0 4y Filb 17 T
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£3 HA- (1 ~4)HNO, Btk 5K IES G RRINEUE S
Table 3
binding energy of HA - (1-4) HNO,

Data parameters for the total energy and corrected

molecular E EX Ei_ayna Einding energy
structure /a. u. /a. u. /a. u. /k) + mol™
HA - HNO,; -735.465 —-454.659 -280.689 308.013
HA - 2HNO; -1016.267 -454.658 —-561.433 463.244
HA - 3HNO, -1297.046 -454.658 -842.184 535.684
HA - 4HNO, -1577.842 -454.657 —1122.924 684.844

Note: 1) The uncorrected total energy; 2) The corrected total energy of frag-

ments from Basis Set Superposition Error ( BSSE) .

iRt IRATRME 9 Fros ,H,0 5 HA 7» 1k
AEEUAGWIIE e, Kb 45H a ~d S i

S
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Fig.9 The optimized structure of HA - (1-4)H,O
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F4 HA- (1 ~4)H,0 Hfgit 5KIESS G REM B S8
Table 4 Data parameters for the total energy and corrected
binding energy of HA - (1-4) H,O

molecular  E Epa Eaooyn,o Epinding energy
structure /a. u. /a.u. /a. u. /k) - mol™
HA - H,O -531.062 —454.662 -76.388 32.707
HA - 2H,0 -607.478 —-454.662 -152.791 66.427
HA - 3H,0 -683.889 —454.662 -229.211 39.956
HA - 4H,0 -760.315 —-454.662 -305.639 37.032

4.4 HADN Wit & ##x & HADN B # IR E
FETHE HA I AS NA 5 F1E B, A — Al
Ry H 5 HA B, 58 =R H 5 HA DR
GREIE AL . FEE HA A REAE KRR 4> 19
MEAEH T ARRIE S WA H IS0 8 HADN 43
¥, 7F B3LYP/6-31G /KF % HA FiZ 4 NA 4> 7
RRPTERLAL . 25 NA > FHGRH) 13 BF K 10
Firs . B 10a Fufbad B i —i, 8 1 AR E %
58 R T2 R S B K 1,069 A 5 il R MR

B 10 HA - 13H,0 [t fesht
Fig. 10 The optimized structure of HA - 13H,0O
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I 2B B HMX 55— Tl O &0 (07 e, 28 1 — A~ 4
5] 4 (1) 25 44, AT DAtk — 25 il f B RDX,

11 HADN ) W7 i {07 %
Fig. 11 The bond-breaking position of HADN

£5 MALE HA B FRIFEERK
Table 5 The main bond length of HA molecule after optimi-

zing

bond length/A bond length/A

N(1)—C(3) 1.510 N(2)—C(1) 1.570

N(2)—C(3) 1.513 N(2)—C(4) 1.568
N(3)—C(6) 1.490 N(1)—C(2) 1.566
N(4)—C(6) 1.490 N(1)—C(5) 1.562
N(4)—C(4) 1.457 N(3)—C(1) 1.451

N(4)—C(5) 1.454 N(3)—C(2) 1.452
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Salt Formation Mechanism of Urotropine by On-line Infrared Spectroscopy

SONG Liang, CHEN Li-zhen, CAO Duan-lin, WANG Jian-long
(School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China)

Abstract: To understand the salt-forming reaction process of urotropine( HA) and nitric acid (NA) system and clear the salt-form-
ing mechanism, the change in characteristic absorption peak of main fuctional groups with time in the process of forming mononi-
trate of HA (HAMN) and dinitrate of HA (HADN) was tracked, monitored and analyzed by on-line infrared spectroscopy tech-
nology and the interaction between HA and NA was studied by computational chemistry method. Results show that in the salt-
forming process of HA, the reaction of forming HAMN by NA with HA is quick, but the reaction of HAMN to HADN is relatively
low. When NA reachs 5.97 mol - L', HADN is only formed. In the IR spectra of HAMN , the inverted peaks appear at 1002,
1236, 690, 806 cm™', which are the characteristic absorpption peak of C—N bond in HA. Due to the HAMN is formed, the
C—N bond force constant of HA is changed, the absorption peaks at 979, 1024, 1219 cm™' and 1259 cm™ were appeared on the
left and right sides of the inverted peak. When there is HADN precipitation, without adding NA, there are still HADN formation
and precipitation and the amount of NA in the solution shows a slow upward trend. In the process of HAMN formation, HAMN
adsorbs the NA molecules around it. When the HADN is formed, the NA molecules are released into the solution, and the HAMN
molecules are supplied to continue to form new HADN molecule. The optimized structure of HA and NA, HA and H, O obtained
by Gaussian software and calculated binding energy values are obtained, revealling that the NA system of HA is more stable. The
results are in agreement with the experimental ones.

Key words: on-line infrared spectroscopy; urotropine; salt formation reaction
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