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S R AT AR AR i E o A AU — A
B o T B3LYP/6-311G " " /KT 4T IRC 15 #1A
WSS . B WS R e (SCRF) WF5E T 45
A . SCRF J7 32 48 1 57 & A1 2 3% £ 1 WL 40 Joit e
RO My SCRF J5 3% vh e i A B8 22 — | PCM
F78 (polarizable continuum model) Sy 1% I i iR % [
Oy TSR 4y T A R AR R A A TR
Xﬂ‘ﬂ‘?ﬁﬁ’%f%ﬁﬁ‘@%ﬂ%i@’ﬂ%?ﬁﬂ*E‘J?’*;\,m%

HEAT RE 1AL 5254 19 M Sk (@b initio) 3158, A SCk
J SCRF J5 ik v iy PCM R 3 5 [ 5 i 4 5 440 Ak R
G AE L ( DMSO) H B3 AL RO . BT A
P Gaussian 03 B 5 AT o i S5 H R O
P (A, H RE IS R 10 T A (A u. )

3 HRITie

DiAT I TAT 1) S 2 5&- U g [ 43 5 44 46 ) 52
Yy W RN A A AR AR S AL 4 B F LT RE 2
55 TS, TR EEFHE m A0 B S, Rk
IR SN AN AN Y B RE B SRR R AR X
AR BT RIS 2

DIAT TSoiATiAT(e)

CQ/CQ}CQ}

DiAT(a) TSpiar(a)iatt) DIAT(b

BT DIAT (5 2 - DU e 57 Al S5 i o 8 v SO ) 7= ) Lk i
R LA 8 f Ay 2

Fig.1 Optimized structures of reactants, products and transi-
tion states in tautomerization of DiAT ( nitrogen in black and

carbon in grey)

R1 DIAT B2 218 MR 73 53 4 10 S 4% s AL ) HO) A RE

I

TS tarmat(a) TAT(a
TS 1ar(@)mAT) TAT(b) TS 1a1(0) maT(e) TAT(c)
Bl 2 TAT (93 5- Uk [R) 53 55 48 Ak s 1 i 7 v s W 9 L 72 0

ﬁﬁ?&ﬂ@ﬂmﬂﬂt*’@&”
Fig.2 Optimized structures of reactants, products and transi-
tion states in tautomerization of TAT ( nitrogen in black and

carbon in grey)

3.1 BETWL
3.1.1 DIAT jgeET K

1 5 DIAT (1) 5 20-DU me 549 b 3 7 o 2 g
Yy o7y G A ) SRR A VSRR R A X B . DIAT
i) DIAT (a) iy ¥ fkid 2 A HE £ 4 100.5 k) - mol ',
DIiAT(a) [i] DIAT(b) ¥ {Lisf f9fEL K 117.4 k) - mol ',
TSR FHI# . DMSO ¥ 7% DIAT 1) & %(- DU me 53 44
i AR RE 2 AR /N . B4 FAE S A RIDMSO
o SRR S RN SRR AT LLE H, 7E DMSO Hh o i R
REE A TS, Z S Be WA T &5 . R 22 (E W] LR
th, 1 DIAT (a) [n] DIAT(b) i % {k 22 3t T DIAT [n]
DIAT (a) ek, 3X 5 3CHR 015 ] rb 48 1% 52 50 B4 A0
fF, 2 /2 AE 80 °C, A BEAL M 2] th DIAT (a) In]
DIiAT(b) 9 % fk., Ifi DIAT [a] DIAT (a) ) % {1k 7€
DMSO H fig i A5 0 2]

E R AAR A e

Table 1 Total energies( E) , zero-point vibrational energies( E,,, ) and relative energies( AE

) in azido-tetrazole tautomerization

rel

for DIAT
compound EV E" AE}), = E? AEY,
DiAT —623.654716 146.9 0.0 -623.667980 147.0 0.0
TS iar/ oAt (o) ~623.615586  144.7 100.5 ~623.628854  145.0 100.7
DiAT(a) —-623.647305 152.2 24.7 —-623.664980 153.3 14.2
TS bt (o) /OATCD) —623.601600  149.6 142.1 -623.619189  150.9 132.0
DiAT(b) —623.626252 155.2 83.0 —623.647940 157.2 62.8

Note: 1) total energy is in a.u. E and relative energy AE,, are in kJ -
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Table 2  Total energies(E) , zero-point vibrational energies(E,, ) and relative energies(AF,

B A G i 1

) in azido-tetrazole tautomerization for TAT

rel

compound EV E" AE}), E» En? AE,%
TAT -771.360327 190.4 0.0 —-771.347846 191.2 0.0
TS At 1ATCo) ~771.320686  188.1 101.8 ~771.306631  188.8 105.8
TAT(a) —-771.346371 194.9 41.1 —-771.325529 194.4 61.7
TS7AT(a) 1TAT(b) -771.307647 192.9 140.8 -771.287836 192.0 158.3
TAT(b) -771.331806 199.1 83.6 -771.306671 197.5 114.3
TSt at(h) /TAT(0) ~771.289526  196.8 192.3 ~771.266513  195.0 217.2
TAT(c) -771.311734 202.7 139.9 —-771.284657 200.1 174.7

Note: 1) total energy is in a.u. E, and relative energy AE,, are in kJ -

3.1.2 TATHIgEETk

2 50 TAT 1) 2 (- DU ke 54 Ak i B b s 4
P LIS B R R SRR R X e L B TAT [
TAT(a),TAT(a) i TAT(b) LK TAT(b) [ TAT(c) Y
FEA R AR rp, AR R A AT 2 5 IR — R &, HAH 3
101.8,99.7, 108.7 k) - mol ™', #£ DMSO 1, =/~
2ME 43K 105.8, 96.6, 102.9 k) « mol ™' | (45—
A AL AR A RE 22 (R A T A, oo A Ak it R
(IRER2EA A T N . LB 2 F 78 <A fit DMSO
H AR X RE 5 AT LAR ), 78 DMSO th 431 [ A 4 fE 5
HA T8 BR TSar mara) Y BETR 22 (H BN, HE L
A1 22 (B LR .

Fo 8 DIAT 1 TAT [] 43 5 44 5o 72 1) 68 22 (8 7] L&
th, DIAT 1 TAT A A= 8 (-4 e [a] 43 S5 480 Ak 13 ME 5 12
FHIE o
3.2 LU EMETL
3.2.1 DiAT JL{T#R T

DiAT Jr] DIAT(a) By %4k, & N(12) g F 1 N(5)
JE ST IR W R A R 3R 3 TN AE X A i
e, PR B B SR XA BT AR A, B N(2)—N(3) Al
N(6)—C(1) 5K 45 1.309 A il 1.342 A /R
1.287 A F11.317 Adh, Hoe 4 PEE K A A A
JERBGC A A R 2 C (1) —N(2) B, 15 15y
0.047 A, XFF PUBEERA A, [k N(3)—C(4)—N(5)
FIN(5)—N(6)—C(1) A /N, HoB 1 M BE S A
RN, 76 3% AN £ C(4)—N(5)—N(6) 81k
Bk, H117.9508 Kk Sk 124.98° 15 7. 03°, 7EiX 4~
AR, DU PR T AR R A

DiAT(a) [n] DIAT (b) i %% b3 72, N (2) J5 5[]
N (9) Ji 5 5 17 328 W OB o AR 3X > A v, O R 3F |-
MBS 240 BR N(3)—C(4) FI N(5)—N(6) f K
T4, A E 1,349 A Fn1.331 A/l 1.321 A
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mol ~'. 2) in DMSO.

FI1.312 A 56 e 4 AR A R RIFRBE A4 K, L rp g
eI R C(4)—N(5) 5, i1 1.377 A J ol 1.418 A,
X IO R R B A L B AN (2)—N(3)—N (4) Fl
ZN(6)—C(1)—N(2)75 /N, JdiliE 4 54 5. 59° F15.01°
A R AEESAA BTN, FEIX AN R, PR R AT R
FE P R 5L

=3  DIAT S b N 19 i 9 b VRS = PR AL LT S 4k
Table 3

and products in DiAT tautomerization

Geometry parameters of reactants, transition states

bond or angle DiAT TS1 DiAT(a) TS2 DiAT(b)
C(1)—N(2) 1.344 1.366 1.391 1.381 1.418
N(2)—N(3) 1.309 1.290 1.287 1.280 1.313
N(3)—C(4) 1.342  1.370 1.349 1.333 1.321
C(4)—N(5) 1.344 1.337 1.377 1.398 1.418
N(5)—N(6) 1.309 1.301 1.331 1.323 1.312
N(6)—C(1) 1.342  1.330 1.317 1.335 1.322
C(1)—N(7) 1.389 1.385 1.382 1.355 1.332
N(7)—N(8) 1.246  1.246 1.249 1.331 1.328
N(8)—N(9) 1.125  1.125 1.123  1.183 1.322
C(4)—N(10) 1.389 1.358 1.328 1.333 1.333
N(10)—N(11) 1.246 1.330 1.333 1.334 1.327
N(11)—N(12) 1.125 1.175 1.324 1.322 1.323
N(2)—N(3)—C(4) 116.60 116.48 116.95 114.02 111.36
N(3)—C(4)—N(5) 125.46 121.44 120.50 120.40 122.20
C(4)—N(5)—N(6) 117.95 123.26 124.98 126.14 126.46
N(5)—N(6)—C(1) 116.59 114.20 110.69 110.91 111.36
N(6)—C(1)—N(2) 125.46 124.78 127.19 123.03 122.18

Note: bond length in Angstrom and bond angle in degree.

3.2.2 TAT JL{d#B a4k

N(9) 5732 i 1) N (2) J5 152 30T, I 7 7 B 1o
IFESLE  TAT ] TAT(a) byt . & 4 7]
HLXA TR, SR h A B K AR e,
C(3)—N(4) F1C(5)—N(6) 5 B 4 J , 1 i 53
29 0.032 A0.018 A, H A Bl A A ] T2 B2 948 K
TEXA LR, Z A A R AE A, Hp
EX AL
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£ N(2)—C(3)—N(4) 1 126.39° K 119.98°,
£N(2)—C(1)—N(6)H 126.39°74 J 121.10°, H
B A A BT R

H TAT(a) [ TAT(b) Fe ALy ad 2 i , =% 3 E i
KA A AR ] B A e LA, Horp C(1)—N(2),
C(5)—N(6) #4i%, LN (2)—C(3)—N(4) f
£N(4)—C(5)—=N(6) /), Hopas HE B M A
ARSI d TAT(b) [ TAT(c) B AL, 15

R4 TAT SRR SR G B3 A LA 2 5

SR ER C(1)—N(2),N(4)—C(5) ¥4 fr 4
F,C(3)—C(4) A%, N(2)—C(1)—=N(6)
N(4)—C(5)—N(6) B A Frid/, e m i KM
{ELDUI A AN [ 752 2 4 34

BN, DMSO LN A 3% 3 FI3 4 v 45 il
W0 JLAT ey TR W /N (DR 35 48 Tl R T8 70 46 I 8 L AT
HRURAEZR ) ) o ¥ 50 A RO = BB 19 A A 7
0.0012 nm Z Py, FEM AL AL 1.48°,

Table 4 Geometry parameters of reactants,transition states and products in TAT tautomerization

bond or angle TAT TSTAT/TAT(a) TAT(a) TSTAT(a)/TAT(b) TAT(b) TSTAT(b)/TAT(() TAT(c)
C(1)—N(2) 1.335 1.346 1.386 1.388 1.383 1.378 1.369
N(2)—C(3) 1.333 1.340 1.366 1.362 1.367 1.372 1.381
C(3)—N(4) 1.335 1.321 1.303 1.324 1.369 1.372 1.369
N(4)—C(5) 1.333 1.349 1.367 1.370 1.395 1.382 1.381
C(5)—N(6) 1.335 1.327 1.317 1.308 1.294 1.319 1.369
N(6)—C(1) 1.333 1.343 1.343 1.351 1.361 1.362 1.382
C(1)—N(7) 1.393 1.364 1.320 1.315 1.314 1.307 1.299
N(7)—N(8) 1.248 1.325 1.357 1.362 1.360 1.368 1.375
C(3)—N(10) 1.394 1.385 1.376 1.348 1.301 1.298 1.298
N(10)—N(11) 1.247 1.250 1.252 1.334 1.376 1.379 1.375
C(5)—N(13) 1.393 1.391 1.391 1.384 1.374 1.344 1.298
N(T11)—N(12) 1.123 1.122 1.121 1.174 1.277 1.275 1.278
N(13)—N(14) 1.247 1.249 1.249 1.251 1.252 1.334 1.376
N(14)—N(15) 1.123 1.123 1.123 1.121 1.120 1.177 1.278
N(8)—N(9) 1.123 1.180 1.288 1.285 1.288 1.281 1.278
N(2)—C(3)—N(4) 126.39 123.00 119.98 117.06 114.86 115.64 116.57
N(2)—C(1)—N(6) 126.39 123.16 121.10 121.65 122.65 119.37 116.54
N(4)—C(5)—N(6) 126.38 127.22 127.50 124.25 121.14 118.53 116.53

Note: bond length in Angstrom and bond angle in degree.

3.3 £RRBHTW
A B3LYP/6-311G™ " Jrk, il S hinF,
AT SO Yol

N=N N=N
N )N+ 20H,—= )+ 20HN, )

N—N N—=N
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S

NT XN . N7 SN
3CH, — HaN 2
L o oo

N3 N7 Ny N

AR S B SRR R - DY A S A B RGBT AT
SRAT X IO Y e S ¥ A 119 A RS o

SR ROV BT S 4 Bl S 25 ) T RE AT AL
IEMES T35 o B ¥7E B3LYP/6-311G ™" #iE K
R, CH, 1,3, 5- =00 AR R Y 52 56 fEDOR B 3C
BRL16 =171, CH N, FI01,2,4, 5-P0 W A4 A 4 A
THAE, G2 g MR AL O CHN, —C(g) +
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3H(g) +3N(g) 5 7 CH,N, iy aiss ™, Rk
G2 FLE AR FAL R C,H,N,—2C(g) +2H(g) +
AN(g) B T 1,2,4,5-TUHEY 4 ks, DIAT Hn
TAT IR A A0 RS 4510 45 1 B9 258 il L PR IF (i
Bt B0 AR UG BB T3 6 MK 7 o BRESE %
B, BT S S N ORI RS E S Y, A
HE R S S AT
3.3.1 DIATER-TMSHLTRRERBHTL
Hi % 6 HH 51 i ) DIAT ,DIiAT(a) , DIAT (b) & sids
AT 5 PUEER AL B, B AT A s 43 T —N,
£ JBCAC A0 I A B ) T i, 68 K W S 88 A, 5 DIAT i 8
BIEAR L, DIAT (@) , DIAT (b)) f A ik A A [ 32 BE 1Y
A HAE 43 Bk 21,4, 76.5 k) - mol ' DIAT(b) 1§
R e DIAT (a) B 2B UG AH EE 38 n55.1 k) - mol ™'
FH G AT UL, A B - e S g Ak A o, A R B 2
EE Xk
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7 AL PR AL K 8 T R o {EL8 g S AR TR

K5 SHYRERER T ATRE R IE (A A g
Table 5 Total energies ( E), zero-point vibrational energies
(E,) ,thermal corrections to enthalpy ( H;) and enthalpy of

formation of reference compounds

compound E E, H; AH

CH, -40.534 114.7 10.0 -74.6"°
1,3,5-triazine -280.432  167.5 13.6 229.121171
CH,N, -204.148  129.0 14.4 296. 51
1,2,4,5-tetrazine -296.391  131.7 13.8  487.03\"%!

Note: Ein a.u. E, , H; and A;H are in k] - mol ™'

R 6 DIAT S {0 S A& Ar ) 1Y B RE B V% BB 8 AL IE (B
B Az U
Table 6 Total energies ( E), zero-point vibrational energies
(E,,) ,thermal corrections to enthalpy ( H,) and enthalpy of

formation in tautomerization of DIiAT

compound E E.p H; AH A(AH)
DiAT -623.655 146.9 27.4 1130.2 0.0
DiAT(a) -623.647 152.2 24.1 1151.6 21.4
DIiAT(b) -623.626 155.2 21.0 1206.7 76.5

Note: Ein a.u. E ,Hy and AH are in kJ - mol ', A(AH) is relative

values.

3.3.2 TAT BF-MEESRHLSEPERBHETL

M2 7 P4 A AT LR BTN, IR, (i
5 TAT ARG 5 1,3, 5- = WA Lb 2 0 1 fin, 1 5k
560.7 k) - mol ™', 7 TAT % A 2 - DU e i) 43 53 44 4k
3k A B S U IR, Ab B W A U 8 T
BERAE—D BRI AR, A B A 38 3 A £ By
50 ~59 kJ - mol ™', FE BRI ] DU e ER 1 55 Ak AR
O F IR SRR, BRI SR, IR 2 b
B TAT SCHR RN LG DIAT JEFR B R BEE LT o

R7 TAT SR AL SN AR ALY ) S RE B R RE S R IE(E K
AR
Table 7  Total energies ( E), zero-point vibrational energies
(E,, ) ,thermal corrections to enthalpy ( H;) and enthalpy of

formation in tautomerization of TAT

compound £ E.ip Hy AH A(AH)Y
TAT -771.348 191.2 34.1 789.8 0.0
TAT(a) -771.326 194.4 31.5 848.9 59.1
TAT(b) -771.307 197.5 29.0 899.1 109.3
TAT(c) -771.285 200.1 26.7 957.1 167.3

Note: Ein a.u. E ,H; and A;H are in kJ - mol ', A(A;H) is relative

values.

CHINESE JOURNAL OF ENERGETIC MATERIALS

—
(o2

4 £

% Bz R #e (DFT) J5 ik, X 3,6-— & A %-
1,2,4,5-pyE ( DIAT) fl1 2,4 ,6- =S A H-1,3,5-= 1%
(TAT) 19 S (-0 M S 40 4k J2 g oF 47 7 WF 52, OF
SCRF Jr it 1 DMSO i i 5 AL 3 b, 45 2 40 F
g5t

(1) 3,6- 3 % K&-1,2,4,5-J4 B (DIAT) Fil
2,4,6- =FRHE-1,3,5- =0 (TAT) 1Y & Z-D4 e 5 44
RG34 2 20 R 3 030 #E . RN RE AR TE 100 ~
117 kJ - mol ~' L i, DMSO 3 I k25 % B AR T DIAT
SRR AR R BB i, 5 AR B, il TAT S 4 46 7>
YIRS R T, (ENT 52N BE 22 5 M AL/ N o

(2) 7F 5 -0 e S 4 A6 B g o 72, B DIAT—
DIAT(b) DIt TAT-TAT (c) i #2 , IO FR ) N—N
LA i C—N #H K, o) — 4> C—N 45 5,
SWRIAAETE S DU e S AL A FORR B A G

(3) TE& A m Y e R By e Ab kB b, 7 2R
JEIG Ko T 2% B TAT X3RO b DIAT G 3
S BT ME LAEAT o

5% Uk :
(1] . RE A BEM A R R OS]
FI) 1 =11,
DONG Hai-shan. Development and countermeasure of high energy

A, 2004 (3

density materials [ ] ].
(Hanneng Cailiao) ,2004 ( Supplement) . 1 —=11.

Chinese Journal of Energetic Materials

[2] Hiskey M, Chavez D. Progress in high-nitrogen chemistry in
explosives, propellants and pyrotechnics[ C] // Proc. 27th Inter-
national Pyrotechnics Seminar. USA Colorado. 2000: 3 —14.
R BAEH R AR IM]. G B2 R
2 Hh A, 2002.
WU Yu-huan, LI Wei-chang, SHEN Xiao-ming. Organic Chemistry
[M]. Hefei. University of Science and Technology of China Press,
2002.
(4] Erik. mAGRRASG YIS R B HMREMRID]. K
e [ B R K ,2003.
YUE Shou-ti. Synthesis of high nitrogen energetic compounds and

[3

study on corresponding application [ D ]. Changsha: National
University of Defense Technology,2003.

TRARAR. S HEAL B W 0 & BOBOR IR 5 TERERTSE (D] K
o [ B B R4 ,2005.

XU Song-lin. Synthesis, scale-up of high nitrogen energetic

w1
[

compounds and study on the performance of high nitrogen-based
explosive[ D]. Changsha: National University of Defense Tech-
nology,2005.

[6] Marcus H J, Remanick A. The reaction of hydrazine with
3,6-diamino-s-tetrazine[ J]. J Org Chem,1963,28(9) . 2372 —2375.

[7] Huynh M H V Hiskey M A Archuleta ) G,et al. 3,6-Di(azido) -
1,2,4,5-Tetrazine: A precursor for the preparation of carbon
nanospheres and nitrogen-rich carbon nitrides [ J ]. Angew

AR A H 2010 #18% #3445 (241 -246)



246 FEIF, B, SR, SCRE, AW

Chem ,2004,116; 5776 —=5779 [15] Huynh M H V, Hiskey M A,Chavez D E,et al. Synthesis,charac-
[8] Ott E,Ohse E. Zur Kenntnis einfacher Cyan- und Cyanurverbind- terization, and energetic properties of diazido heteroaromatic
ungen. Il. tber das Cyanurtriazid, (C;N,, ) [ J]. Ber Dtsch high-nitrogen C-N compound[)]. / Am Chem Soc,2005,127
Chem Ges,1921,54. 179 -186. 12537 —12543.
[9] KeBenich E,Klapotke T M,Knizek J,et al. Characterization, crystal [16] David R. Lide, CRC Handbook of Chemistry and Physics[ M ].
structure of 2, 4-bis ( triphenylphosphanimino) tetrazolo[5,1-a]- 84th ed. CRC Press,2003 —2004.
[1,3,5]triazine,and improved crystal structure of 2,4 ,6-triazido- [17] Cox ) D,Pitcher G. Thermochemsitry of Organic and Organome-
1,3,5-triazine[J]. Eur J Inorg Chem,1998: 2013 -2016. tallic Compounds[ M]. Academic Press: New York,1970.

[10] Wong M W Frisch M J,Wiberg K B. Solvent effects. 1. The me- [18] Ju X H,Wang X, Bei F L. Substituent effects on heats of forma-
diation of electrostatic effects by solvents[)J]. J Am Chem Soc, tion, group interactions, and detonation properties of polyazido-
1991,113(13): 4776 —4782. cubanes[J]. J Comput Chem,2005,26: 1263 —1269.

[11] Wong M W, Wiberg K B,Frisch M J. Solvent effects. 3. Tauto- (19 ] 3. =m0 U 1 28 v 20 A% 30 45 0 485 1 R P BB 1) k7 A 27
meric equilibria of formamide and 2-pyridone in the gas phase WL D). M BT k% ,2006.
and solution: an ab initio SCRF study[])]. J Am Chem Soc, LU Ya-lin. Theoretical studies on the structures and properties of
1992,114(5) . 1645 —1652. high-nitrogen heterocycle compounds: triazole and tetrazine

[12] Mierts S,Scrocco E,Tomasi J. Electrostatic interaction of a solute derivatives[ D ]. Nanjing: Nanjing University of Science and
with a continuum. A direct utilizaion of ab initio molecular Technology,2006.
potentials for the prevision of solvent effects[ J]. Chem Phys, [20] Chen P C,Chieh Y C,Tzeng S C. Density functional calculations
1981,55: 117 =129. of the heats of formation for various aromatic nitro compounds

[13] Cossi M,Barone V,Cammi R,Tomasi J. Ab initio study of solvated [J]. J Mol Struct ( Theochem ) ,2003,634; 215 —224.
molecules: A new implementation of the polarizable continuum [21] Ju X H,Li Y M, Xiao H M. Theoretical studies on the heats of
model[J]. Chem Phys Lett,1996,255. 327 —325. formation and the interactions among the difluoroamino groups in

[147] Frisch M ), Trucks G W, Schlegel H B, et al. Gaussian 03, Revi- polydifluoroaminocubanes[ )J]. J Phys Chem A,2005,109;: 934
sion B.03[ Z]. Pittsburgh: Gaussian Inc. ,2003. -938.

Density Functional Theory Study on Tautomerization of Polyazido-azine

Ll Yu-fang', LIAO Xin', JU Xue-hai', Yl Jian-hua®, XU Si-yu’
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Xi'an Modern Chemistry Research Institute
Xi'an 710065, China)

Abstract. The tautomerizations of polyazido-azine ( ring-closure reaction) for 3, 6-diazido-1, 2, 4, 5-tetrazine ( DiAT) and
2,4 ,6-triazido-1,3 ,5-triazine( TAT) were investigated by density functional theory. All of the stationary points( reactants,transition

% %

states and products) on the reaction paths were optimized at the B3LYP/6-311G ™" level. The total energies were obtained after
zero-point vibrational energy correction. Enthalpies of formation were derived via the designed isodesmic reactions. The changes of
energies,geometries and enthalpies of formation in the tautomerization were analyzed. The cyclization of 3,6-diazido-1,2,4,5-
tetrazine processes by two steps with energy barriers of 100.5 and 117.4 kJ - mol ™', respectively, and the cyclization of 2,4 ,6-
triazido-1,3 ,5-triazine by three steps with energy barriers of 101.8,99.7 and 108.7 kJ - mol ~'. The enthalpies of formation increase
in the process of cyclizations. The ring-closure reaction of TAT is thermodynamically more unfavorable in comparison to that of
DiAT. The solvent effect of dimethyl sulfoxide on the tautomerization was evaluated with the self-consistent reaction field ( SCRF)
method.

Key words: physical chemistry; azido-azine tautomerization; density functional theory( DFT) ; reaction energy barrier; enthalpy of
formation
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