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ABSTRACT

N-Guanylurea dinitramide (GUDN) is an energetic material with low sensitivities and good
performance for use as propellants or insensitive munitions explosives. The efficient synthesis and
characterization of high energy density material of GUDN is reported. GUDN was characterized
spectroscopically as well as elemental analysis. In addition, the heats of formation were calculated with
the Gaussian 09 suite of programs. For initial safety testing, the impact sensitivity and the friction
sensitivity were tested following BAM procedure.
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M* = Li*, K*, Cs*, Ag*, *NHy, 1,5-diaminotetrazolium

" NH, NH, N3 N3

JL A +
H,oN N NH, N3 NH
Fig. 1 Dinitramide containing energetic salts.

5& XE¥3= nitrate compoundEo] 23tk
84U ANS vl 3 =2 Eul;ﬂ;ﬂr =0 oty
Fd Tol ey, FFAel 2
g st 45}47]‘: st

formulation ©]% ELF:’.‘ Te= AF 5o dAH=

T‘Z— oxygen balancegl A19F  dinitramide
Ad 4 dsf B2 A7 AP

A FE

Xlil‘li

. (Fig. 1) tHEH< dUA=-E=
= ammonium dinitramide (ADN)<] <+
g =ES0 HxFAL, fE
¥ (Li, K, Cs, Cu, Ag, Pd, biguanidinium,

- e A
x3ste

= o]n

Lol K30 do be of

i

triazidoS
tetrazolium)ol] W3+ A T

(ammonium 1,5-diamino-

Fus A9

I JQUH3-10]. 2 FAME B A3t nyse
GUDNE 718 Zo] 44 £8)=A Lo} 114
=3}t g7lel &oldta, FEAHS AUAE &

, =S EF MAEe v T4 3 npEAE
£ 7HA 3lo] FHuEsked &old S Hol
Y B =4 GUDNe| a&7 944
o 54 HrtdTE Bastaa sk

F29]A}8: KDN (2), ADN (3), GUDN (4)& 3t
AL g AE WEA BB, B,
Hodgh, A7 ¥A HANES FHEshofof
se}.

=4 gy =17 4R+ Differential
Scanning Calorimeter (METTLER TOLEDO
DSOE =Astsler, o2 4L £9 10T

£E2 At IR B34S aAgF 4L
3 ATRS AFE3192 ™ NicoletAl &30 &
0]-83} tHmodel iS10). 'H, "C NMR &% &
& 300 MHz (Bruker AVANCE 300) 3}#}7]
% BBV AHEerla, 82 DMSO-des
o]-&sk .

- Potassium sulfamate (1) ¥4: vl7A o] 704 g
(0.725 mol) sulfamic acidE& ¥ i 50 mL FHFF
2 BT} 440 g (0784 mol) KOHE 50 mL

Eo| Zola, REAHoZ £ H sulfamic acid

o of] *W?‘ﬂ =0 i?}g 9433}1 =

. 4" 1AE ZHE A, ﬂ]%%i /‘ﬂ

@1%6{}‘:} ¢loxt A=
#Hotol 8 3AE Atk 49" =4 18 964
g (0.713 mol, 98%) °lt}.

- Potassium dinitramide (KDN) (2) ¥4): 50
mL T vlg Zga30] 147 g (0150 mol)
98% 34+7} 33.8 g (0.536 mol) 98% HAE YW+
ok g 879 & 25 ~ 40CE UrETh uk
S &7l 850 g (0.0630 mol) potassium
sulfamate ()& A% F7}sta wyuksic}, ¥
o] R A ALE(T5 g S + 75 g 2)
a1, 27HE KOH §4& AHgstd 35 Al
gt FIpE dEE & SREARS T dH
KDN (2)& XZ&A]7]31 o}A|E/2-propanolZ T}
Al KDN ()& H&A7eg uses) 3o de
3] 314 29] ¥ 457 g (0.0315 mol, 50%)°]t}.

2. 557 131C. d&Ea%: 232TC. IR 1523,
1422, 1341, 1168, 1016, 980, 950, 928, 827, 760,
749, 728 cm™.

- Ammonium dinitramide (ADN) (3) ¥A:
500 g (350 mmol) KDN ()7 500 g (38.0
mmol) ammonium sulfateE® 22} 10 mL S/
ol =9o. F &S EFE 100 mL
2-propanols F7tste] JHE FU)ES ARE
AAs}. AFHHS rotary evaporatorZ FH 3}
3, F2 IAE 2-propanol/petroleum etherZ

Adde o Aol nA= A/ AH/ /A=
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AR 330 g (27.0 mmol, 70%)Y =32

3 Z=A: 4T, E€832x: 158T. IR 3204,
1518, 1399, 1339, 1150, 1015, 827, 759, 719 cm™.

- Guanylurea dinitramide (GUDN) (4) #43:
W A 290 g (25.0 mmol) KDN (2)3} 320 g

(10.0 mmol) guanylurea sulfate® Z}7} &7

o gAY F SHs EFsta, WA=
AE A3, SFFE AH F Az
2 3 A 49 %L 314 g (15.0 mmol, 60%
olek.

WH B: 1.25 g (10.0 mmol) ADN (3)%
(5.00 mmol) guanylurea sulfate® Z}7}
o &AM F SHs EFsta, YAHH
AE A, SFFE AH F Az
2 3 34 49 % 136 g (6.50 mmol, 65%)
olet.

W C: 100 mL 52 vbe FehaFe] 98% &
2H 16 mL (0.300 mol)$} 98% A4t 45 mL (1.07
mol)E Yt £55 30 ~ 40CE FXA 3}
170 g (0.126 mol) potassium sulfamate (1)%
Za4  ¥74st. 120 g (0143 mol)
dicyandiamideE 120 m %‘%‘F‘ﬂ] o F oo
£ w&7]d FuHlst &
Nitrationo] €5 % Hb
® dicyandiamide}el ¥
=9 e AIRE F<b Rk

AE A o3 B AH/ Az PGH
g A 49 F2 134

o}
4

et
e R

=

1.60
==
o T

e H ‘Doo

o[o F
o

R ex: 214C. IR: 3435, 3381, 3331,
3294, 3232, 1742, 1686, 1631, 1573, 1515, 1440,
1329, 1314, 1166, 1098, 1064, 1010, 961, 912,
815, 742, 699 cm™. 'H NMR (DMSO-de): 7.11
(s, 2H, NHy), 8.01 (s, 4H, NH,), 9.56 (s, 1H,
NH) ppm. C NMR (DMSO-de): 154.3, 155.4
ppm.AAEA: GHN/Os (209.12): Az C,
11.49; H, 3.37, N, 46.89. B4z C, 11.46; H,
3.40; N, 46.40.
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3.1. Guanylurea dinitramide (GUDN) 43
KDN (2 GUDN 4)& #§Ast7] 93 3t
A ZA potassium sulfamate (1)& FZ4t/ 52
b stellA JEZS w3& {]5‘33]'“5 s F
At} (Fig. 2) oluf wlA|gk
wel 27 E FAEs dmltramme-"/] 2t o]
Walste 2 Folsjof g}
TR/ EAN EFES 25~40CE FASHL,
o] 7)o potassium sulfamate (1) *A13] H7}
stAA UERS whgS APAHTh whgo] ¢
g9 dFE ¥eHS T4k, KOH &9

[s) =
oz gustelgel 2 o

1. 98% HNO; /
98% H,S0,

o
6n -t 2. aq. KOH + - NO;
HN-8-0 K ————» K N
(50%) NO,
1 2
guanylurea

sulfate

(60%) (70%)l(NH4)2804

+ guanylurea
O NH, - NO; sulfate 4 - NO,
JLC N T e,
HNTNTNH; - NO, (65%) NO,
a 3

Fig. 2 Multistep synthesis of guanylurea dinitramide (4).

KDN (2)% ammonium sulfateE Ztz} &
23] 2171 ¥ metathesis ¥FH& 22 crude ADN
(3)e 4tk &4 32 2-propanolE A H 3},
petroleum etherZ A ZA7ste] 1FE=3 3HHATH
ADN (3)& &&[11]¥ HluAS o, o7 &
TEEZ A4S F UM (70%)

KDN (2) = ADN (3)2 guanylurea
sulfate®} metathesis ¥-8-©22 GUDN (4)= <&
S F I FE2 47 60%SF 65%°] T}

KDN (2) =& ADN (3)% A= ¥82 2
= 394 ¥H&& B3 GUDN (@& &
Aot oA FAS

4
o i
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o AAFEL ~30%= ZFA| T, metathesis &7 3.3. IR ¥ NMR spectrum 4]

= o W SAviy GA ae=s @ F e E4 2, 3 49 93 IR £FEAE ATRS ©
Aol At} sHATE DAVE BolxlEgE 3 g3t 1A A8E AR AU [Fig. 7~9]
7t7v EolAlE @A el AVIE strh ol g v TS Aladas A9 fAE A JEET
S B$37] #1814 potassium sulfamate (1) [12,13]

4 Bd= JeE=3 3L AA

o

dicyandi-amideE 7}5#313te GUDN (4)

g8ttt (Fig. 3)

1. 98% HNO; /
98% H,S0,

2. aq. KOH
’ _.CN
- HN N 0 "NH, - NO;
1 + H
H,N-S-0 K J N
o (50%) HoN H NH, NO,
1 4

Fig. 3 One step synthesis of GUDN (@4).

25 ~ 40Tl 98% Bz 98% FHAko
23 18 UYE=ZFsY FUAQYA dinitramines
e T B MamA A9 dicyandiamide
¥tk GUDN (4) =2
TEE Edon HE
50%°lth. Z23E4e IR, 'H NMR, “C NMR

2O
‘I‘T—Ex_.

BE712 BA8A, HEHoE AAEAS )
of Ao £x5 FAstt
3.2. DSC data ¥4

gAY BEZE DSC 2Ho7 HExHy &
3y e85 & F Atk FF A o2& Jt2E
ARSI, B 10 TH F23tdt. A3
1.0~15 mge @ &, L=HIE 30~400C E
=43t9th KDN ()& 131CoN SE=4e B
Rl 232°CelA AM%I B EAt. (Fig. 4)
ADN (3)9] ZH=3-e 94Tell A Webdda, 158 C
ol EajE ATt (Fig. 5) ©] 2 EURENCO

AFe] ADN# Hlaate] Y X34tk GUDN2
3ol %, 214ToA wEA RaES
g A} DSC data 48 53le] GUDN2
200Ceo]de 2xoA drslss vl <k
3 Asl AL 4 S AT

=
o}
=

g
g‘ o
£
2
3
i
3
%
£
18 <-——131°C
100 00 300
[°C]
Fig. 4 DSC data of potassium dinitramide (2).
15
g
£
£
2o
3
it
3
%
£
* <—94°C
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[°cl
Fig. 5 DSC data of ADN (3.
s
E, 200
£
2
3
U>j 100
§ 214°C
%
g \SJL
[0}

200 " 300

[°Cl
Fig. 6 DSC data of GUDN (4).
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Fig. 7 IR spectrum of KDN (2).

3204
1518

1339
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1150
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Fig. 8 IR spectrum of ADN (3).

S~
/ \ 3232 | /
3204 s
3435
3381|3331 1742 // B2 4

1686

3361 1631 | (M0

1515
1573 |
1166 1010

3000 2000 1000
Wavenumbers (cm™")

Fig. 9 IR spectrum of guanylurea dinitramide (4).

AUl FAa7F §17] Wi
o] 3000 cm” FZoA 1 oW A1dS #AFE
F 9AJd. (Fig. 7) NO, &E471+=
WA v goer #3 35S 8ol 1523 cm’”
3} 1341 em’ol A Al2do]l YEbtal, 1421 cm’
W9 otz F3 AES

N-NJo| w3xs Al
S 1016 ecm™ol M #ZF 5 AUk (Table 1

ADN (3)9] IR =¥ EZS ®BwW 3204 cm'9
AAe A NHyol AF AFS 3e Al1dS
E F AR, YA 5352 KDN (2)F A
& Ao AdS #HFE S YTk

GUDN (4)9] IR ~HE&-L2 guanylurea %]
202 Q8 g& Alads E F ok (Fig. 9)
94 1742 cmllME FlERYEVY Aad
3232 ~ 3435 cm™ AlololE B NH, NH; A1
55 #EF & AUk
E4 2, 3, 49l FL3 dinitramide S°]2
Fsl7] wEel Hlszg YA A2dE

E 4 9l31, Table 1914 vl

tlo o

@+ ek

Table 1. Characteristic peaks of nitramide anion in IR

specira.
wave number
o -1
description [em”]
2 3 4
v as NO; in phase 1523 | 1518 | 1515

v as NO; out of phase | 1421 | 1399 | 1440

v s NO; in phase 1341 | 1339 | 1329

v's NO; out of phase | 1168 | 1150 | 1166

v as Ns 1016 | 1015 | 1010

GUDN (4)° NMR #4242 deutrated
dimethylsulfoxideZ 7434tk 'H NMREA
< B34 e HAVF UEs ¢ & AN
(Fig. 10) Al2dE9 HHnE T3 71 &
AZY Fas 7l2Rd7F ol®y] Aleldl 3l
+ NH 95 & & Utk 8 ppm #29 Al1d
< FaVF e sigEle WAS JHRER
guanylurea ol 2LE% 2719 NH,E e
o Al WA F P Ee A Aade )
o] Fad Iz FtEHEY] do U=
NH,7} & Zo|th. GUDN @)dle F 749 A=
e g42 A3 97l wEe C NMR
spectrumdl = 2709 ¥aAE B 4 o (Fig
10) 155 ppm F2o Fas  AFFH
guanylurea %Fo]2<] I A o|t}[14].

-
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THNIR - o2 o 7}A] factor (MP2/6-31+G**)2] =3O
2 NO,
iy, Yoo = @/ =
I j ' Born-Haber oA Ale]EE& 2=, (Fig. 11)
ol dY AHES v 2 Eq 19 9o
8 AwE & A
AH¢® (ionic salt, 298 K) = AH¢’(cation, 298 K)
pom () 100 ‘ s I ‘ + AH¢® (anion, 298 K) - AHu (1)
3¢ NMR
o "NH, _ no, DMS0-dg
AL TN _AHE
S B / Cation® Anion™ (solid) = mC(s) +nH5(g) +0N(g) +0O5(g)
—AH,
155.00
—AHs°(anion)
Cation (gas) + Anion (gas)
1 " " ) . o Wl .
‘ppm‘ (H)‘ 15'0 T 10‘0 ‘ ‘ 5‘0 T —-AH*(cation)

Fig. 10 'H and "C NMR spectra of GUDN (4).

3.4. GUDN9| =843 54

stepe] 54 FoA st e duAs
= A= F stdelth. AEA FAEE
AE9 oA A4FS Gaussian 09 ZZT1H[15]
S AREsEa,
geometric  optimization  6-31+G**
B3LYPE AF&-3t%Th  Single-point
MP2/6-311++G** d&Z A5Gt Isodesmic
reaction®] &I = MP2/6-311++G**2] o4 A

=
AER S

frequency <]
2L

=
energy <

structure}

Fig. 11 Born-Haber cycle for the formation of

Dinitramide salts.

Atomization energyw G2 WO

il
q
.

pad

&
o
oo

, isodesmic reactiong AF&3}o] o] I
=9
o

o3

]

heat of formationg

—

o o

Zte]  Lattice energy Al4F2 Jenkins %
183, A7 Y gs Tt A
3 A TH16].

B AME ADN (3)% GUDN (4)

EF AH; < 0 (exothermic) ©]H,

ol

ox, rE UIO

_g:_

a5 A
Table 2

9,] Ag Agod [e]

=

i >

2te] e} zero-point  energy  (MP2/6-31+G*¥), 27} 1247} 316 k] mol® o]t}
Table 2. Physical properties of dinitramide salts KDN (2), ADN (3) and GUDN (4).

d Tma Tdeca Densityb AHaztivnoc AI_L/mimloC AI_ILOc AHfoc Pd De IS FS

compd | . . i _ _ _ _ _
[C1| (] | [g em®] |[kJ mol "]|[kJ mol ']|[k] mol ']|[kJ mol ']|[GPa]|[m s ']| [J] |[N]
KDN | 131 | 232 - - - - - - - 13 |360
ADN | 94 | 258 1.823 626 -156 594 -124 25.6 7869 5 1360
GUDN| - 214 1.753 351 -156 511 -316 27.0 8113 48 |360
TNT® | 80 | 295 1.650 - - - -295 195 6881 15 |353
RDX® | 206 | 230 1.816 - - - 92.6 352 | 8977 74 (120

1

*Melting and thermal decomposition temperature under nitrogen gas (DSC, 10°C min ‘). "Gaspycnometer (25 °C). “Heat of formation (calculated via
Gaussian 09). “Calculated detonation pressure (EXPLO5 V5.05). “Calculated detonation velocity (EXPLO5 V5.05). ‘Calculated density. ®Ref. [17]
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ARdn "FxEE olgsted  AztE  Fgt
(ADN: 256 GPa, GUDN: 27.0 GPa) ¥ <&
(ADN: 7869 m s !, GUDN: 8113 m s )&
TNT (P = 195 GPa, D = 6881 m s ') Ht}&
%3, RDX (P = 352 GPa, D = 8977 m s ') X
‘jr‘~ $2 S 4t BAM drophammer®
ko] FAAEE =435t ADN (3)9 &4
RDX (74 J) Bt} oFzF 917¢k 5 J& 4

gk 48 Joll A Fio] doj
AM friction testerZ =7
360 N o] oA o} F#
, wpzol] w9 <Hg st

I
Hrlrm

GUDN (@) Al 7IA %
A 3 HAZ KDN (2)s 4 F guanylurea
sulfate?] metathesis WHOoZ AUt (AAF
£ 30%) + ®wWAl= KDN (207 ammonium
sulfateE metathesis WHEZ ADN (3)= T4
gt & ohA] guanylurea sulfate®] metathesis
HOoZ GUDN s S F . (AAF&
23%) viA e #He IAHADALG T2 FEE
GUDNES 9+ FFHeo=2 A" T &4

L

oz FAE 5 9
3

i

dinitramine©. 2 dicyandiamide g 7}5&3 &
3 oAl FAoIt (AAFE: 50%) AAHo=
gaA LS 53 GUDNY +8&& 23~30%E

BRoy, & AR olFofd FH &2 50%
E T AN GUDNE tfzFez sty

rl

Z
<
=
He
2
tlo
f
:oé
p
lo 4
> N
T
o
2
9‘_‘
iﬁ
£
e
s
5
=
O

5 ADN (3)J+ GUDN @)¢
IS HsA Usken, INT Eo+ 4
s

v
(€8]
=)
Z,
fu
=2
Ho
Sy
o
&
1)
12
jsle
o
e
X
pas
32
o

7|

o

B oATE YA SuBATLe A9

oz FyHen, ofd ZA=EHUT (Aek
% UD110095CD)
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