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ABSTRACT

Most of propellants that is used widely in the world release toxic gases such as methane gas and
carbon dioxide during combustion which are noxious to the environment. This study established a
synthetic process of a high nitrogen containing derivative of triazole, 4,5-bis(azidomethyl)-methyl-
1,2,3-triazole (DAMTR), which can be applied as energetic plasticizer to environmental concerns. Also,
the compound was characterized by NMR, IR spectroscopy, and physical properties such as glass
transition temperature, melting point, decomposition temperature, density, impact sensitivity, viscosity
and volatility were measured. In addition, the heats of formation (AH;) and detonation properties

(pressure and velocity) of DAMTR were calculated using Gaussian 09 and EXPLO5 programs.
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Fig. 1 Compounds type of triazole.
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2. DAMTR2| A 9l AMIEAL

DAMTRE 22A1E A FAd= o1zt 197
+ 14-dichloro-2-butyne(DCB)$} sodium azide
£ WHSAlA 4,5-bis(azidomethyl)-1H-1,2,3-triazole
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Fig. 2 Synthesis of DAMTR.
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allenyl azide triazafulvene DATR

Fig. 3 Synthetic mechanism of DATR.
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DATR ¢4

°o]=(254 g 0387 mol)¥} HIIEF(104 g
0193 mol), (150 mL)
2EZ 9OTE 7Fgste] 84
of & W7 2EE 4
NS FAZAYIE &
a1, ofHEAL o" 500 mLE F
283 #71%E 300 mL SFFE 53 AHI
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2gFe] oA EAL "o Fola, HE|ItAd F
Azl & oAl FAsted 106 g0.059 mol,
61%)2] AA ¥ DATRS A&t

Yellow 162C; 'H NMR
(DMSO-dg): 4.58(s, 4H, CH,), 15.29(br.s, 1H,
NH); ®C NMR(DMSO-de): 43.2, 139.3; Impact
sensitivity: 5 J
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Fig. 4 Synthesis process of DATR.
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Fig. 5 Synthesis process of DATR.
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(Fig. 5).

DAMTR 4 : DATR(3.00 g, 0.017 mol), &
2P EH 0.740 g(0.018 mol), 5HF(10 mL)&
100 mL %F$-7)o] EQam mukdic}, o] ug-ol
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Fig. 6 IR spectrum of 1-DAMTR.
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Fig. 7 IR spectrum of 2-DAMTR.
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100 mL SHFF2 3 3] A3

AHgste] Axg & oARsta,
73] v FA DAMTRS ded. 1 3A
DAMTRS Z¥ ZA=ZvtEIZ 3 (EAhexane =
3:7)5 ©o]&3te] 1-DAMTR 0.691 g(0.004 mol,
21%)7 2-DAMTR 0.632 g(0.003 mol, 19%)& &
=t

DCBHE 1-DAMIR7}A| 9] & F5&EL 13%
o]}, 2-DAMTRY] % 55L& 12%°|t}.
(1-DAMTR) Yellow liquid; Ty -79C; Tn: 1

0C; Tue: 170°C; Density: 1.30 g cm %; IR: 3325,
2951, 2089, 1448, 1253; 'H NMR(CDCls): 4.05(s,
3H, CHs), 4.49(s, 2H, CH,), 4.50(s, 2H, CHy);
BC NMR(CDCls): 355, 41.9, 45.2, 129.8, 141.6;
Impact sensitivity: 2.27 J

(2-DAMTR) Yellow liquid; Ty -96TC; Twm: -1
1C; Teee: 140CT; IR: 3324, 2950, 2087, 1445,
1254; 'H NMR(CDCL): 4.13(s, 3H, CH;), 4.41
(s, 4H, CH,); C NMR(CDCly): 42.0, 44.6,
141.2; Impact sensitivity: 0.77
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iS10)5 °]&3tth. 'H, °C NMR #3%
300 MHz(Bruker AVANCE 300) 3]%}7]%3 %
#7115 AHESElaL, 82 CDCle ©] 83kt

1-DAMTRe] IR BH, N-H
stretching ¥ =7} 3325 cm'olA #ZHU,
C-H stretching =& 2951 cm'elA, CN
stretching 32 1448 cm™old #=FH UG &
o|H S 2 azide®] HIUA stretching I =7} 2089

LR

°
=
i

3F [e]
A EHS

cm™o] A, 3 stretching ¥ =& 1253 cm™ ol A
B== AcHFig. 6). 2-DAMTRS  1-DAMTR}
methyl 719} $IX|5F h2 31, 7|22l Jej7l 2
7] W&ol A9 Z& IR 2HEHo| FZEHUch
N-H stretching =7} 3324 cm™el4, CH
stretching ¥ =+ 2950 cm™ol| 4, C-N stretching
Y HE 1445 emtol A FSH AT EF azided]
Bt stretching =7} 2087 cm™olA, w3
stretching ¥ =& 1254 cm™ol A B35 A th(Fig.
7).

1-DAMTRS Bt 722 Q1ste] 'H NMR
A EGA 3 7je Ado] #S5HAT(Fig.
8). N3 -CH,-9 Al71d-2 449, 450 ppmoilA,

200 150 50 0

100 50 00 ppm 100 ppm
Fig. 8 'H and C NMR spectrum(CDCly) of 1-DAMTR.
——— o mate AIPTNPEPp—
15,0 5!0 00 ppm Izl;n .1;0 B Im‘u I sln I B n; .ppm

Fig. 9 'H and *C NMR spectrum(CDCls) of 2-DAMTR.
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E3E e B0 Aade 12987 141.6
ppmoll A, CH,9| ®A& A1de 4193 452
ppmoll A, CHs;o &4 A|2d-e 355 ppmolA
5= A

2-DAMTRS th3 Fxol=2 'H NMR 23
EdoA 2 /9 Aladoe] #ZEJthFig. 9).
N9 -CHx-9] Al2d2 441 ppmolH #H=H 9]
31, trizole?] Ao AZH -CH;o AladgdL
413 ppmelA #ZE Atk PC NMR 2~HEJ
Ae 3 A Aade]l #TFHHUTHFg 9).
Triazoleo] X & & o] & B4 Al2d2 141.2
ppmell A, CHEA9] Al1de 44.6 ppmol A,
CH;¥4 9] A]2d-e 420 ppmol Al BZ=H AT
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DAMTR®] fEjdel2%, 5ed, SEdlers
Differential Scanning Calorimeter (METTLER
TOLEDO DSC)E o]&ste &% 10T <52
&5 2 24393, WET density meter(MEttLER
TOLEDO LiquiPhysics)E ©]&3te] A3t
T3 DAMTRY A4 E A4He Gaussian 09 =
2aYPE AMESIAIL, structure$}  frequency ]
geometric optimization 6-31+G* #/® 2 B3LYP
£ AF&3t%Th  Single-point energy® MP2/
6-311++G** A Z A ALSATH17].
reaction®] I = MP2/6-311++G**<] 4]

Isodesmic

+ 4CH, + NH,

N & 2CH,CH; + 2CH;N; + CH;NH,
H

Fig. 10 Isodesmic reaction of DAMTR.

z}o] 9} zero-point energy(MP2/6-31+G**), 1
3 g2 o8 7}A factor(MP2/6-31+G**) 2] =3
o2 AUTHFig. 10). FE I} FF SEE
Gaussians T3 92 HAEy =S B3] oA
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100C 2294 308 &<t B
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AFEE AL e ol A 7FAAIQ] 1,2,4-butanetriol
trinitrate(BTTN),  trimethylolethane
(TMETN)3} 8] 23} tH(Table 1).
frEldol2x= 1-DAMTR -76C, 2-DAMTR
96CZ BTTIN(-70TC), TMETN(-66C) BT} gk

trinitrate

R A
on, 5542 1-DAMTIR 10C, 2-DAMTR -1
1C&E BTTIN(-27C) Rt} #=%3, TMETN(-3T)
2 =AY ¥ttt 232=<= 1-DAMIR 170C,
2-DAMTR 140C & BTTN(170C)% ZAY gt

Table 1. Physical properties of DAMTR.

Compd | L& | In" | Taec" |Density® ~AHeS | AHeS | P! | vD® | 15" |Viscosity®| Volatility"
P [C| €| [CT |3 em™1 |1 mol ]| g ]| [GPa] |[m s ']| [I] [cP] [wtf]
1-DAMTR | -76 | 10 | 170 | 1.30 875 4.53 151 | 6767 | 2.27 22.7 0.01
2-DAMTR | 96 | -11 | 140 | 1.26 854 442 14.0 | 6590 | 0.77 5.6 0.12
BTTN -70 | 27 | 170 | 1.52 -398 -1.65 | 21.6 | 7270 1 59 0.45
TMETN | 66 | -3 | 182 | 147 -431 -1.69 | 205 | 7050 | 9.2 156 0.01
°Glass transition, melting and thermal decomposition temperature under nitrogen gas(DSC, 10°C min ). "Measured via density meter(25 °C).

‘Heat of formation(calculated via Gaussian 09). “Calculated detonation pressure(EXPLO5 V5.05). ‘Calculated detonation velocity(EXPLO5 V5.05).
‘Impact sensitivity(measured via BAM drop hammer). $Measured via micro viscometer(25 °C). "Measured after storing in 100 °C oven for 30 minutes.
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3, TMETN(182C) Xt} Uity H=Es
1-DAMTR 1.30 g cm®, 2-DAMTR 1.26 g cm®&
BTTN(1.52 g cm®), TMETN(147 g cm®) Rt}
ot A€ AH: > O(endothermic) ©]H,
1-DAMTRS 453 Kk ¢'(875 kJ mol?),
2-DAMTRL 442 k] g'(854 k] mol’)Z BTTN
(165 k] g', -398 k] mol'), TMETN(-1.69 k]
g!, 431 kJ mol™) Bt} m$ EL JqUAE g
frekar AT FEkEa FiEes
1-DAMTR 151 GPa, 6767 m s’, 2-DAMTR
14.0 GPa, 6590 m s'& BTTN(21.6 GPa, 7270
m s?), TMETN(20.5 GPa, 7050 m s7) Xt}
stttk 4 2=+ 1-DAMTR 227 ], 2-DAMTR

0.77 J2 BTIN(@ J) Bt EZ3AY Wzatd
3, TMEIN@O.2 J) Ro 939, A==

1-DAMTR 22.7 cP, 2-DAMTR 5.6 cPE BTTN
(59 cP) TMETN(156 cP) Rt} Siokth 3aAd-e
1-DAMTR 0.01 wt%, 2-DAMTR 0.12 wt%=
BTTN(0.45 wt%) XHth i, TMETN(0.01 wt%)
Ho =AY 2ok

Agts 3FES] DAMTRY

S gtk x=3, J1E B &
22 IR, NMRE ©] 83 Bg/7x

P Wrk opE} DSCE o] &% F
Z(1-DAMTR -76C, 2-DAMTR -96C),
(1-DAMTR 10C, 2-DAMTR -11C),
-DAMTR 170C, 2-DAMTR 140°C)
HHE =7, density meterg ©]-&%F

(1-DAMTR 130 g cm® 2-DAMTR 1.26 g
cm?), Gaussian 09 ©o]&3 AL AL
(1-DAMTR 4.53 k] g"(875 k] mol”), 2-DAMTR
442 K g'(854 k] mol")), EXPLO5 ZZ1#S
o]-g3 ZwAT A4H1-DAMTR 151 GPa/
6767 m s?, 22DAMTR 14.0 GPa/6590 m s7),
BAM drop hammerE ©]&3 4 = 374

=
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