
Arc
hive

 of
 S

ID

 

 

*

*E-mail: reza_fareghi @yahoo.com 

 

(ILs)-

HMXTNTRDX

 

 

 

 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

 

HMX

RDX

T NT

HEDM

C L-20

T NA Z

FOX -7–

´

NO2

NO2H2N

H2N

FO X-7

NN

NN

N N

NO2

NO2

O2N

O2N

O2N NO2

C L-20

N

O2N NO2

NO2

T NA Z

NO2R

O2N

O2N

R

R NO2

R'

heptanitrocubane : R= NO 2, R'=  H

octanitrocubane : R= R'=  NO 2

NN

N N

N N

N N

NN

NH2H2N

3,3'-aza-bis (6-amino-1 ,2,4,5-tetrazine)

N

N

N
O2N NO2

NO2

RDX

N

N

N

N

NO2

NO2

NO2

O2N

HM X

CH3

NO2

NO2

O2N

T NT

N-NN-C 

oC

www.SID.ir



Arc
hive

 of
 S

ID

 

 

o
C

 

HMX

R DX

T NT

ab

kJ/mol901  وkJ/mol-

(1 a,b,2a-c)

o
C

www.SID.ir



Arc
hive

 of
 S

ID

 

 

N

N

HN

NH
N

N

N

N

HN

NH
N

HN

H
X-

X-

1 a: X=  C lO 4

1 b: X=  N(NO 2)2

2a: X=  NO 3

2b: X=  C lO 4

2c: X=  N(NO 2)2

HX

kJ/mol=∆H
o
  )

H

N

N

N

CH2CH2N3

HX

C H3I

heat

N

HN

N

CH2CH2N3

X-

N

N

N

CH2CH2N3

H3C

I -

A gX
N

N

N

CH2CH2N3

H3C
X-

3a:  X=  NO 3

3b: X=  C lO 4

3c: X=  4,5-dinitro imidazolate

3d: X=  5-nitro tetazolate

5a: X=  NO 3

5b:  X=  C lO 4

4

IRFNAN2O 5

N N

N

NH2

R1

N3

4-amino-1 ,2,3,triazolium-bas ed

N N
N

H2N R2

N3

1 -amino-1 ,2,3-triazolium-bas ed

 R 1  =  metyl,allyl, (2-hydroxyethyl) and (2-azidoetyl); R 2 =  allyl

6 7

 
 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

N

N

N

R

S O
O O HN

N

N

R

(CH2)4SO3
-

N

N

N

R

(CH2)4SO3
-

N

N

N

R

(CH2)4SO3
-

F2C C
F2

CF2

O OO

HN

N

N

R

CO(CF2)3CO2
-

HN

N

N

R

CH2CH(OH)CF3

HN

N

N

R

(CH2)2CF=CF2

C F3SO 3
-

C F3SO 3H

LiN(SO 2C F3)2

Br
-

Br-

LiN(SO 2C F3)2

BrC H2C H(O H)C F3

Br(C H2)2C F= C F2

R= C 7H1 5

HN

N

N

R

CO(CF2)3CO2
-

HN

N

N

R

CH2CH(OH)CF3

HN

N

N

R

(CH2)2CF=CF2

(C F3SO 2)2N-

C F3SO 3
-

(C F3SO 2)2N-

(C F3SO 2)2N-

8a:  R=  n-butyl

8b:  R=  n-heptyl

9:  R=  n-heptyl

10a:  R=  n-butyl

10b:  R=  n-heptyl

11a: R=  n-heptyl

11b:  R=  n-decyl

12

N N C2H5H3C
N N

N

11

N N C2H5H3C N
N N

N

12

 

 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

(kJ/mol 85/8 + =∆H
o

(kJ/mol 901=∆H
o

kJ/mol=∆H
o

 

N

N N

N

N

N N

N

CH3

H2N

NH2

CH3

N

N N

N

N

N N

N

N

N N

N

N

N N

N

NH2

CH3

CH3

H2N

CH3 CH3

CH3

H2N

NH2

CH3

CH3

CH3

I
-

I -

X
-

X-

13

15

14a: X=  NO 3

14b: X=  C lO 4

16a: X= NO 3

16b: X= C lO 4

C H3I A gX

N

NN

N
H

K 2C O 3

N

NN

N
K

acetone acetone / C H2C l2

[Q ][X]

[Q ][T A Z]  +  K X

K
+ 

T A Z
 -

Q =  M e4N
+

, E t4N
+

, Bu4N
+

,

N

N

Bu

CH3

17

N,N-

                                                           
1 - Hypergolic 

MMHN,N-

UDM H

WFNARFNA

N2O 4

 

 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

FT IR

N2O,CO 2 HNCO

N

Me

Me

NH2

NH2C l

diethyl ether

0  oC

N

Me

Me

NH2

NH2

C l

A gNO 3

A g  C (C N)3

A g  C (NO 2)(C N)2

A g  C (NO 2)2(C N)

A g  N(C N)2

A g  N(NO 2)C N
N

Me

Me

NH2

NH2

N

Me

Me

NH2

NH2

N

Me

Me

NH2

NH2

N

Me

Me

NH2

NH2

N

Me

Me

NH2

NH2

N

Me

Me

NH2

NH2

N(NO 2)C N

N(C N)2

C (NO 2)2(C N)

C (NO 2)(C N)2

C (C N)3

NO 3

N,N-

N,N-g/cm
3

M Pa 

                                                           
1 - Idaho 

ID

ID

N,N- 

WFNA

 N,N-

H3C
N NH2

H3C

H3C
N

R

H3C NH2

N
CN

CN

N
NO2

CN

A g

A g

H3C
N

R

H3C NH2

H3C
N

R

H3C NH2

N
CN

CN

N
NO2

CN

1:  R=  C H3; X=  I                            8:  R=  C H3                     15:  R=  C H3

2:  R=  C 2H5; X=  I                          9:  R=  C 2H5                    16:  R=  C 2H5

3:  R=  C 4H9; X= I                          10: R=  C 4H9                   17:  R=  C 4H9

4:  R=  C H2C HC H2; X= C l            11:  R=  C H2C HC H2       18:  R=  H2C HC H2

5:  R=  C H2C C H; X= Br                12:  R=  C H2C C H            19:  R=  C H2C C H

6:  R=  C H2C H2O H; X=  C l           13:  R=  C H2C H2O H       20:  R=  C H2C H2O H 

7:  R=  C H2C N; X=  Br                  14:  R=  C H2C N              21:  R=  C H2C N

1-7
15-21

8-14
RX

X

N,N-

(-2(NO 2)N),- NO 3

ClO 4

o
C

                                                           
2-Ignition Delay times  

www.SID.ir



Arc
hive

 of
 S

ID

 

 

NO 2

Al-O-Al

3
[6NO 3Ln.3Ca t

C at+ :

H2N NH2

NH2
+

N
N

N NH2

H3C

N
N

N NH2

H

N
N

N NH2

C2H5

N
N

N NH2

C4H9- n

N N
N

N CH3

H2N
NH2

N N
N

N H
H2N

NH2

C at+ :

DNA2NO 2N

DCA

2CNN

DCA

                                                           
1 - O xygen balance 

NCACNNO 2N

DCADNA

NCA

HNO3

NCA
-

N

N

R

X-

A gNC A

N

N

R

[NC A ]

X-=  C l, Br or I

1:  R=  E thyl; 2:  R=  n-Butyl; 3: R=  A llyl

 4: R=  2-methoxylethyl; 5:  R=  C yanomethyl

G uanidinium- bas ed s alts

N
H

N
H

NH
R1

R2 R3

C l-
A gNC A

N
H

N
H

NH
R1

R2 R3

[NC A ]

6: R 1 =  R2= R3= H

7: R 1 =  R2= R3= NH2

8: R 1 =  R2= R3= NH2

1-5 6-8

Imidazolium- bas ed s alts

 

 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

[A lCl 4.][emim

1

TLC

PF6emim

BF4emim

Ph Cl

O

+ HO C H2C (NO 2)3

[emim][X]

Ph OCH2C(NO2)3

O

rt

HM X

HMX

RDX

HMX 

RDXRDX

HMX

                                                           
1  - 

13
C NM R, 

1
HNM R  

 

HMX

HMX

T A T

DA DN

 

DA PT

HMX

DA PT

N2O 5HNO3

HMX

HMX

PF6bmim

HMX

www.SID.ir



Arc
hive

 of
 S

ID

 

 

N

N N

N

COCH3

COCH3

COCH3

H3COC

N

N N

N

NO2

NO2

NO2

O2N

N

N N

N

COCH3H3COC

N

N N

N

COCH3

NO2

COCH3

O2N

[T A T ]

[HM X][DA PT ]

[DA DN]

(((

HM XT A TDADNوDA PT

DAنيتراسيون PTHM X

o
CKHzPF6.][bmim])

 HNO3 nN2O5nDAPT n   

    

    

  ml CH2Cl2  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

  ml IL  

www.SID.ir



Arc
hive

 of
 S

ID

 

 

HM XHM X

N2O 5

HMXDPT

HNO3NH4NO 3

M gOP2O 5SO 3

HMX

 

 N2O 5

HMX

DPTN2O 5

PEG 20 0 -DA IL

HMX

DPT

HM X ( ،a )HNO3 و (b)N2O 5/PEG 200 -DA IL 

DPTHM X

 
HNO3 (mmol)N2O 5 (mmol)

o
CPEG 20 0 -DAILgrDPTgrNH4NO 3 

RDX

RDX

RDX

www.SID.ir



Arc
hive

 of
 S

ID

 

 

HA

HNO3

NH4NO 3

RDX

RDX

                                                           
1 -Woolw ich proces s  
2 - Bachmann process  

[im].X, [(CH 2)4SO 3hmim].X  و

[(CH 2)SO 3HPyr].X(X-=  pT SO -, NO 3-, CF3COO -) 

[(CH 2)4SO 3HPyr].NO 3 

RDX

HA

N

H2C

N

CH2

N

CH2

H2
C

N

C
H2

H2
C

+     4HNO 3

ionic liquid
N

H2C
N

CH2

N

H2
C NO2O2N

NO2

+ NH4NO 3  +  3 HC HO

RDX 

HA

RDX gr 
o
C 

pTSOhmim 

NO3hmim

CF3COOhmim

[(CH2)4SO3hmim]NO3

[(CH2)4SO3hmim] pTSO

[(CH2)4SO3hmim]CF3COO

[(CH2)4SO3HPyr] NO3

[(CH2)4SO3HPyr] pTSO

[(CH2)4SO3HPyr] CF3COO

none

n(IL) / n(HA ) =991m( 95%  HNO 3) / m(HA ) =

www.SID.ir



Arc
hive

 of
 S

ID

 

 

 

 

[1]. Davis, T . L. “T he Ch emistry of Pow der and Ex plosives.”; Wiley- In terscience: New  York, 1 943; V ol .  2, pp 1 44. 

[2]. Feuer, H.; Nielsen, A . T.  “Nitro Compounds.”; VCH. New  York, 1 990 . 

[3]. Simpson, R.  L.; Urtiew, P. A . ; Ornellas, D. L .; M oody, G . L .; Scribner, K.  S.; Hofman, D.  M.  “Propellants Ex plos .”;  Pyrotech.  

22, 249 – 255. 1 997. 

[4]. Krause, H. H. “New  En ergetic M aterials.”; Wiley-V CH: Weinheim, 20 0 5. 

[5]. Hiskey, M . A .; Ch avez, D. E .; Naud, D. L.; Son, S. F.; Berghout, H. L.; Bolme, C . A  .  “En ergetic salts of azotetrazolate, iminobis(5-

tetrazolate) and 5, 5′-bis(tetrazolate).”; Proc. In t. Pyrotech. Semin, 27, 3 – 14.  2000 . 

[6]. Seddon, K. R.  J. “Ionic liquids for clean technology.”; Ch em. T ech. Biotechnol, 68, 351 . 1 997. 

[7]. Seddon, K. J.; Earle, M . “ Ionic liquids, green solvents for future.”; A ppl. Ch em, 727, 1 391 . 20 0 0 .  

[8]. Hurley, F. H.; Wier, T . P. “T he electrodeposition of aluminium from nonaqueous solution at room temperature.”;  J. El ectrochem. 

Soc, 98, 20 7. 1 951 . 

[9]. Plechkova, N. V .; Seddon, K. R.  “A pplication of ionic liquids in chemical industry.”; Ch em. Rev, 37, 1 23. 20 0 8.  

[1 0 ]. A dams, D. J.; Dyson, P. J. ; T averner, S. T . “Ch emistry in alternative reaction media.”; John Wiley &  Sons L td. 20 0 4.  

[1 1 ]. Welton, T . “Ionic liquids in G reen Ch emistry.”; Ch em. Rev, 99, 20 71  – 20 83. 1 999. 

[1 2]. Jiminez, P.; Roux, M . V .; T urrion, C.   J. “T hermochemical properties of N-heterocyclic compounds II.  En thalpies of combustion, 

vapour press ures, enthalpies of su blimation, and enthalpies of formation of 1 ,2,4-triazole and benzotriazole.”; Ch em .T hermodyn, 

21 , 759 – 764. 1 989. 

[1 3]. Drake, G . W.; Haw kins, T .; Brand, A  .; Hall, L .; M cKa y, M  .; V ij, A  .; Ismail, I . “En ergetic, Low -M elting Salts of Simple 

Heterocycles.”;  Propellants Ex plos.  Pyrotech, 28, 1 74 – 1 80 . 20 0 3. 

[1 4]. Denault, C.  C .;  M arx, P. C  .; T akimoto, H. H. “En ergy of combustion and differential thermograms of organic azides.”; J. Ch em. 

En g. Data,  1 3, 51 4 – 51 6. 1 968. 

[1 5]. Schneider, S.; Haw kins, T .; Rosander, M .; M ills, J .D.; Brand, A .;  Hudgens, L.; Warmoth, G .; V ij, A  .“Liquid A zide Salts. ”; J. 

In org. Ch em, 47, 361 7. 20 0 8. 

[1 6]. M irzaei, Y. R. ; Xue, H.; Shreeve, J. M . “Low  M elting N-4-Functionalized-1 -alkyl or Polyfluoroalkyl-1 ,2,4-triazolium Salts.”; J. 

In org . Ch em, 43, 361  – 367. 20 0 4. 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

[1 7]. Og ihara, W.; Yosh izaw a, M .; Oh no, H. “Novel Ionic Liquids Composed of On ly A zole Ions.”; Chem. Lett, 33,1 0 22 –1 0 23. 20 0 4. 

[1 8]. Os trovskii, V . A .; Pevzner, M . S.; Kofman, T . P.; T selinskii, I . V . “En ergetic 1 ,2,4-triazoles and tetrazoles. Synthesis, structure and 

properties.”; Targets Heterocycl. Syst, 3, 467 – 526. 1 999. 

[1 9]. Pichon, S.; Ca troire, L.; Ch ameix, N.; Pallard, C.  “Search for G reen Hypergolic Propellants: G as -Phase Ethanol/Nitrogen T etroxide 

Reactivity.”; J .Propul .Pow re,  21 , 1 0 57 –1 0 61 . 20 0 5. 

[20 ]. Pichon, S.; Ca troire, L.; Ch ameix, N.; Pallard, C.  “V isualizations of G as -Phase NT O/M M H Reactivity.”; J .Propul .Pow re, 22, 1 20  

–1 26. 20 0 6. 

[21 ]. Ch ambreau, S. D.; Schneider, S.; Rosander, M .; Haw kins, T .; G allegos, C . J.; Pastew ait, M . F.; V aghjiani, G . L. “Fourier Transform 

In frared Studies in Hypergolic Ig nition of Ionic Liquids.”;  J .Phys  . Ch em .A ,  1 1 2,781 6 – 7824. 20 0 8. 

[22]. G ao, H.; Joo, Y.; T w amley, H.; Zhou, B.; Shreeve, Z. “Hypergolic Ionic Liquids w ith the 2,2-Dialkyltriazanium Ca tion.”; A ngew . 

Ch em. 1 21 , 2830  – 2833. 20 0 9. 

[23]. Zhang, Y.; G ao, H.; G uo, Y.; Joo, Y. H.; Shreeve. J. “Hypergolic N,N-Dimethylhydrazinium Ionic Liquids.”; J. Ch em. Eu r, 1 6, 

3114 –31 20 . 20 1 0 . 

[24]. Jones, C.  B.; Haiges, R.; Schroer, T .; Ch riste, K . O . “Ox ygen-Balanced En ergetic Ionic Liquid.”; A ngew . Ch em. In t. Ed , 45, 4981  –

4984. 20 0 6. 

[25]. Binnemans, K . “Lanthanides an d A ctinides in Ionic Liquids.”; Ch em .Rev, 1 0 7, 2592 – 261 4. 20 0 7. 

[26]. Bottaro, J. C .; Schmitt, R. J.; Penw ell, P. E .; Ross , D. S. “M ethod of forming dinitramide salts.”;  U  .S .Patent, 51 9820 4. 1 993.  

[27]. G alvez-Ru iz, J. C. ; Holl, G .; Ka raghiosoff, K.;  Klapootke, T . M . “Derivatives of 1 ,5-Diamino-1H-tetrazole:   A  New  Family of 

En ergetic Heterocyclic-Based Salts .”; J. In org. Ch em, 44, 4237 –4253. 20 0 5. 

[28]. G ao, H.; G ao, Y.; Piekarski, C. ; Shreeve, J. M . “A zolium Salts Functionalized w ith Cy anomethyl, V inyl, or Propargyl Substituents 

and Dicyanamide, Dinitramide, Perchlorate and Nitrate A nions .”; Eu r. J. In org. Ch em, 31 , 4965 –4972. 20 0 7. 

[29]. He, L.; T ao, G . H.; Parrish, D. A .; Shreeve, M . “Nitrocyanamide – Based Ionic Liquids and their Potential A pplication as 

Hypergolic Fuels.”; . Ch em. Eu r. J. 1 6, 5736 –5743. 20 1 0 . 

[30 ]. Siele, V . I.  “Process  for the preparation of tetrazocine derivatives.”;  U. S. Patent,  39870 34. 1 975 .  

[31 ]. Sheremetev, A . B.; Yudin, I.  L.; Suponisky, Y. K. “ Ionic Liquids – ass isted sy nthesis of trinitrethyl eters.”; M endeleev. Commum, 

1 6, 264 –266. 20 0 6. 

[32]. Radhakrish nan, S.; T alaw ar, M . B.; V enugopalan, S. “Synthesis, characterization and thermolysis studies on 3,7-dinitro-1 ,3,5,7-

tetraazabicyclo[3,3,1 ].nonane (DPT ): A  key precursor in the sy nthesis of most pow erful benchmark energetic materials 

(RDX/HMX) of today.”; J. Hazard. M ater, 1 52 , 1 31 7. 20 0 8. 

[33]. Solomon, I.  J.; Silberman, L. B. “Process  for preparing cyclotetramethylenetetranitramine. ”;  U. S. Patent,  40 86228. 1 978.  

[34]. Larsen, A . S.; Holbrey, J. D.; T ham, F. S.; Reed, C.  A . “G uest/Host Relationsh ips  in the Synthesis of the Novel Ca ge-Based 

Zeolites SSZ-35, SSZ-36, and SSZ-39.”; J. A m. Ch em. Soc, 1 22, 264. 20 0 0 . 

[35]. Hua, Q.;  Zhiwen, Y.; Ch unxu, L. “Ultrasonically promoted nitrolysis of DA PT  to HMX  in ionic liquid.”; Ultrasonics 

Sonochemistey. 1 5, 326-329. 20 0 8. 

[36]. Ca o, X. M .; Li, F. P.; Li, Y. Q.,  “High En ergy Ex plosive of HMX  and its A pplications.”;  Publish  of Weapoon In dustry, Beijing, 

1 993, Ch apter. 4, pp 1 75- 1 87.          

[37]. Zhi, H. Z.; Luo, J.; Feng, G . A .; Lv, C.  X. “A n efficient method to sy nthesize HMX  by nitrolysis of DPT  w ith N2O 5 and a novel 

ionic liquid.”;  Ch em. Lett, 20 , 379-382. 20 0 9. 

[38]. Bachmann, W. E .; Sheehan, J. C.  “A  new  method of preparing the high explosive RDX.”; J. A m. Ch em. Soc, 71 ,  1842–1 845. 

1949.  

[39]. Li, G  .; Qi, X.; Lu, C.  “Synthesis of RDX Ca talyzed by Bronsted A cidic Ionic Liquids. ”; J.  E ner. M ate, 28,  35 – 44. 20 1 0  

www.SID.ir


