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FL,O, T B TR ™ &, BR ) T HAE b g an 41 oy
B0 I FH o AEAR SRR AT SRR 4 A o — IR A R B e AL
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2.1 RAFENEE

ToK & =K, 1 24 42 AR 2 R A BR A | 5 BLRR
R IRRE A A RS F) 5 Tk SR [ 2 4R A AL A
WA RA R, DL B o ali, 2588 7oK, 585
= A GO B AR ARRLAE S 100 nm, 99.9% , E1E
PEAR R M B TRARA A .

Bruker SMART APEX I X 5 £k & A7 B 43 (£ [
Bruker A7l ), D8 Advance X 4147 44X (% [ Bruker
3 F)) ,NICOLETISTO 18 B 21 40 65 A (FE Bk Gt /R
BB, M4 8 FEF £ 823E DSC Al 851E TGA/SDTA,
(Fi 4 Mettler Toledo 24 #]) &

2.2 ZZHFABREAI &

O TR E PRI 0.6 g oK & T REIR R T 2
B K b R BT B A3 B 5% IS, FRIG3.7 g
JoT 5 43 B R 6.5 % IR 95 TR T e 45 R AR B LIS
W, TR B R R e R m g 70 °C, R IS s 0% 2 —
Jie Vs O A AL A 2%, 5 min R SE RS 4k 22 IR I N
10 min, Fi/E RN EBZRG, HE1T7HUE,RAXKS
BV U 2~3 WK K TS 2 e R SR ML T AR I

O T NTREL FRI1.2 g oK & R IR R T 2
B3 K R T R R BT 3 B 6% BT, BRI 100 g
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JBT it 53 K 7.5 % (14 B R v U T LA R R
JEVR , TR B I B8 R IF g 70 °C, R I 2h %% &
TR BN AL A R, 5 min PERESE B R IR R R
10 min. Bl J5 76 5 PEAR A8 R X SRz Wi 75 & % 60 mL,
RH BGPTSR K S BV S 2~3 1K,
T is & RS R Eh L TR 8 .
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Table 1 Crystallographic data for two ethylenediaminelo-
date salts
ethylenediamine ethylenediamine
compound diiodic acid hexamiodic acid
CCDC 2117179 2117178
empirical formula CH,INO, CH,I,NO,
formula mass 205.96 557.78
T/K 293 296
VA 917.66 996.2
space group Pbca P2,/c
alA 7.4427 7.2350
b/A 6.7418 18.498
c/A 18.2884 7.5494
B/(°) 90 107.947
crystal system orthorhombic monoclinic
D /g-cm™ 2.982 3.840
z 8 4
F(000) 760 996

Final Rindices[/>20(1)] R,=0.0250,wR,=0.0665 R,=0.0311,wR,=0.0766

Rindices (alldata) ~ R=0.0255,wR,=0.0668 R,=0.0334,wR,=0.0777
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Fig.1 CH,INO,: (a) asymmetric molecular structural unit,
(b) packing diagram, (c) halogen bond and hydrogen bond

diagram in single cell
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Fig.2 CH,LNO,: (a) asymmetric molecular structural unit,
(b) packing diagram, (c) halogen bond and hydrogen bond

diagram in single cell
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B = RS TR 0 U A % 4% DRIE TR S MR Bl s n)
MR E Pk o %k K Ol d(1--0)=2.8184 A, H
BT SCHk [23] 4 iE 0y o B (LN B K 2,79~
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2.982 g-cm™, 43 2 i AV ER () B UK L IR 45 R
H—8, MK 20H, 52 i R AN W 2 4b7E
F 53 F o A B RN — A LR AR S0l A 3 b R
O(7)—I1(1)---0(8)(d=2.404 A) .O(2)—I1(3)--O(7)
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TE— B — A 2K T HLLO, BN TE B 454,
i f3 % 45 M B R Mk . W 2c BF o, R TR Y
H,LO, 45 # 7 ¢ il Jy 1 3 & (< 5 O (5)—1(2)+--O(6)
(d=2.560 A) 1 O(6)—I1(3)--0(6) (d=2.480 A) LI
KA O(2)—H(2)---0(3) (d=1.774A) M iE . fii
Wi b, AN [F] i 45 7 38 i i B O (8) —1(2) - O(5)
(d=2.68 A) 53t 1(2)—O (5) 1B W47 MU i1 1 1)
2% RH I B R LT H AR R R R AL B R
T AL G Y £ el it = R AU S HLLO, BB F 4
PR . N & e R h B £ 7S BURR A6 1) AR
florb WS 43 (8] AR B T R EAEH L AT RUA R &
e S TR R vh 2 e R R R R 5 Ao i e R
SUHEE R L 3 Ak B . PR & R R b R
e e R A B R RIS DL 2 AR 3

F2 CH,INO,HI CH,IL,NO, A % i < g £
Table 2 Hydrogen bond lengths and bond angles of
CH,INO, and CH,[,NO,

dD—H) d(H---A) d(D---A) Z(DHA)

compound D—H---A . o o
/A /A /A /)

N(1)—H(1C)---O(3) 0.890 1.870 2.793 164.54

CH,INO, N(1)—H(1E)--O(3) 0.889 1.891 2.738 164.29

N(1)—H(1D)---O(2) 0.890 1.190 2.793 166.22

N(1)—H(1B)---O(3) 0.8899 2.0568 2.855 148.813

CH,LNO, N(1)—H(1C)-+0(9) 0.8901 2.0753 2.886 150.954

O(2)—H(2)---O(3)  0.850 1.773 2.624 145.38

o
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R3  CH,INO, M CH,LNO, ) [ Hlt 8l K At £
Table 3 Bond lengths and bond angles of halogen bonds of
CH,INO, and CH,I,NO,

d(D—1) d(I---A) d(D---A) £(DOD)

compound D—I---A . . .
/A /A /A /()

CHJNO, O(2)—I(1)--O(1) 1.804 2818 4560  161.51
O(7)—1(1)-+0(8) 1.930 2423 4324  166.288
0(2)—1(3)-+0(1) 1.8931 2488 4381  119.965
O(5)—1(2)-+O(6) 1.807  2.564 4361  171.808

CH,LNO,
0(6)—1(1)-+0(6) 1786  2.854 4380  141.435
O(8)—1(2)-+0O(5) 1.824 2680 4.487  169.880

0(9)—1(3)---0O(4)  1.779 2.847 4.612

3.2 PXRD & #f

T FHBE VR RG F7 50 b 0 2ok 2 v, T AR B YR 3
AR S b AR BT s, S 1 A R Ay,
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Fig.3 PXRD patterns of CH,INO,, CH,LNO, and HIO,

FH & 3 AT, SR HIO, H XRD AR AIE 068 fry 3= 24
}13.67°.18.01°,27.01°,28.23° 44.66°, £ i —
LR (CHNIO, ) [ XRD B3 5L 26 7 Fa HL AT g 28 4
Fi AE AT B 0 S 13.20° . 18.54° | 22.02° | 23.25° |
25.49° .36.63°, BIR7E 13.20° ., 18.54° H kb 177 5 i 1y
A7 & [R] SR HIO 177 5 6 A7 5 A BT, (L A S5 06 o 1 K
W B8 8, LA 7 B A O B BT I . £ TS R
(CH,NLO,) i) XRD [&] ¥ 3£ £& A F £, 417 5 06 o 2 4
55, FEAE WA E O 10.40° .14.76° . 21.77° .26.04°
28.58°.36.53°, [a] 5B HIO, Ay 1§ 7 B % A H 4 .
Xf F CH NIO, #1 CH,NT,O, 5 HIO, () XRD & , % 1
o i VLR O N 1 o A S v U L R TR K
THMAE Y, 3 — S UE T A LR s S PR L
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Fig.4 IR spectra of CH,INO,, CH,[LNO, and C,H;N,
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247 W% By W AT D A7 1 g AT ) kA T A Bl LTI R
CH, 3t A1 5 A0 45 g AR o i) 045 A T8 il U8 2 30
1624,1512 cm™ Ab Y W W 06 Sy 3080 (1) N—H 25 il 3R
81,1461 cm™ 4k CH, B & i R 2, 1388 cm™ &b
CH, 4 th #% 35 ,1104,1056 cm™ &b i1 5 £ 38 C—N
4530, 714 cm™ 4b S NH, B $% 3, 78 % 07 B NH,
M2 5 HIO, M RFIE M IR i 25 R A E 4, DL ¥R B
LM TR E TSR L T L TSR R
TE 1589 cm™ by N—H 1935 i ik 8, 1487 ecm™ &by
CH, 725 M 4 35, 1328 cm™ &b 2 CH, i 4 il 4§ 30,
1159,1020 cm™ &b C—N 45 ¥k 5, 682 cm™ &b
PEEAR T NH, B HE 815 HIO, IR AF Wi, 2 W1 2 — i
ANHMFRE W T &H 4 . (R 2 e iR £
[ 21 41 3% & v, 7E 3300 em ™! BT B A 11 i i 5 g
N—H 4, ik — LR T 2 ZWeny B 11k .

3.4 HoOEMEeEK

Ry WE 5T PR Rl 20 i R R 08 B3 i o B L R
TG-DSC, LA A 10 K-min™ (4 TH iR 35 2 0l
WM R T & e R £ #F 50~420 CHi [
20 = g S B RR 3 7E 50~500 °C 3l [l N i #4403 i 1
B, W RP 2 R LR £R 19 TG-DSC £k, tn &l 5 i .
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k200 °C, & Z i iR 1) DSC 2k R A — ik
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Jie — R R R 7 184 °CR T 43 fif 5 B8, HL A3 i 5= W i A
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603.44 m)-mg™", 5 AN INIE K 356.87 °C, , LI
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42.54% , 43 Bt & Z W 7S BURR ER 0y oy g T AR R AE
177.20 CH} 53 HCH, 73§ N 09 & e R 53 B ¢
Az SN (] B i 7 AR A A 43 PN 22 4% 10 LR
KIE WL 1,0,. W6 BT, 78 356.87 °CHf, 1,0,
Ol RV AR R . ML T e R R, &
TR N BR AR Sy ¥ LR A BG 0S , 43  ii EE O
WA MR N B, i — 25 3R B 43 N o S A TS T
SR EE B G,
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Fig.5 TG-DSC curves of CH,INO, and CH,I,NO,
3.5 HHEHH LI

% 8 GJB5309.18—2004 %l 1] iy Hi #% A 2= 4 e il
HWW A MR ER T 8" Tl A £2625, AT
Beh T 36 25 5 IR 24 5 07, o A47 ) g 0 s S5
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43 K 400 mg (9 B b 2 R IR FhAE O %2, LU
200 mg M A BRKA(RDX) At R 25 1254 30 mg
Wr A SR AT (LS) M1 50 mg B A ALHT (LA) , F225 205 Fnd
2513478 40 MPa, i EE 25 R 7128 20 MPa, i#£47 5 mm
BEAR SEFLAC I AR L AR R AT T A R T e
o, IR TR R A (RDX) MR 38 25 1) (19 2 £l 5 A2 AE
S BRAL L R BKE 2 S LR Eh 4B 2% 10% 1 4 K
BB T RS AT TS, SR A R AN E 6 B .

El6 A[FFES 5 mm HibR o fL &5 R
Fig.6 5 mm lead plate perforation results of different samples

HI 6 T, & i R R A O F2 3 25 I i A
YEALEAR N 7.8 mm, & Z N R $h A1 O T4 25
HARER TR BT S . T HIE £ NI 2 A
A PRI 20 mg ) 2 RS LR £ F AR 4K
I 100 o A AR i AR A A ol R AT R, e BURE i O A
REZEATRFEEMRBE  (H S QORI IR G In , WA b i J3E 78 PR
HA SO R E . 458 MR i ig £ 1
TG-DSC M % F-4 (OB,=—11.5%,0B,=13%) , /3 Hrik
N R R A T R A BRI R AR
3 AR T A R N AU ) 4 AR T A AR, 1 L fE
BEFFEYAR BT 5 o £ TN R ER SR 1 LB, AR
beorfrd AU A LA, 70 T 2R
P A0 R 25 A T 4R A L T AR IR R RE B . B
A RLBE R T, AR TR O3 A B R AR B
[ B 5 AT AN BE — U AR T T A, =il &
7S BR £ 0 R R R R & TS BR #h 18 A
TR 10% RO K ER BT JA , BEAT 3 2, A8 48 1 19 [
WA R AT WA R R IR R T AR
8.4 mm, Bl BB AS I TR R BB 4B R R
R, Al AR D AR AR g S AR . AHEE T RDXAE O 3=
e G AR FL B4R 10.4 mm, T FP 2 i LR & A
Lo &0 7 e 7S TR 6 N AR R B9 1R S W i T B T
RDX, {H 4 & ZJHie 7S g £h s wy IR 4 o | it ) 22
T R R R
3.6 MIRLW

KA [ %R GIB5891.2-2006 Hi BUE B I 3¢ 7 1%
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Ay N
AR 10% G KA K 109 52 G W AT 1 A2 HE A2 3 1 )
i, A HE AL 4y N 0.97,1.37,1.62 grecm ™, 43
FFREC1.5 g By £ e R ER AN 2 — S R Eh 5 )
KEMME G WEREFFETETHER1.78 cm
BRFe R PGS AR 25 AT sk, B B8 52 i & ([ g
EOS 90D) #1145 1 H: & M ik (4 18 R, Fr s 407 5 BF g ko
20 cm, & AR BRG] AN 18] 7 3R 4 BT

a. CH.INO,
B 7 ORIEAE SRR IR T

Fig.7 Burning pictures of different samples

b. CH,LNO,@Al

EL N GG S o €T
Table 4 Burning data for the different samples

sample Mg H/mm T/s V/g-s
CH,INO, 1.5 4.2 4 0.375
CH,INO,@10%Al 15 2.7 7 0.214

Note: M is charge mass, H is charge height, T is burning time, V'is mass burn-

ing rate.

M & 7 AT, £ e R b R R B BB A A
KEMEEME, BT 2 2k st , =y h
T RE MR MR 2B S 6, WLz s Y
LA 55 R R B v L RE S e R A R
FITEIR G AAE M S B8 o FERNBE S5 F T & e /S LR
ERTCIEIRBE IR A T S 10% 9K S K IS (8 AT
JRIZLRR A | L6 RR e (2o 2 oy | BR A2 V7 AT b U %3¢ 31 B 5 1Y
KM B AR TR L BB R K BB T, 9K AR B
A AL BE 8 X 2 e 7S WL TR 35 B K | 4 AR 0% 1 55
KT IR BE TR AT AR SRy — il 55 8 5 0 50) 4 oK R
9 T LA At B A 1 T R R R AT AR

H 2 4 T, 2 O R R A k5T P R 2 Ak
T B AR N 0.375 g-s7', & RS BLIER £ A
QUK AR IR A W) 5 ZAH o BAT BN 1 B 5 AR R
0.214 g-s™' YUK BB 1IN AR AL BE % 1 £, — e /<
MR Eh P ke, OF Ho I 2 T TR b B Y
BRI
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Preparation and Properties of Two Ethylenediaminelodate Salts

CHEN Shi-yong, ZHANG Lin, LI Yan, Yl Zhen-xin, CHEN Hou-he, ZHU Shun-guan
(Nanjing University of Science & Technology, School of Chemisiry and Chemical Engineering , Nanjing 210094, China)

Abstract: To explore organic amine oxyanions with simple synthesis procedure and high energy, ethylenediamine diiodic acid
and ethylenediamine hexamiodic acid were synthesized with iodic acid and ethylenediamine. The structures were characterized
by single crystal X-ray diffraction, powder X-ray diffraction (PXRD) and Fourier transform infrared spectroscopy (FT-IR). Differ-
ential scanning calorimetry (DSC) and thermogravimetric analyzer (TG) were used to study the thermal decomposition process.
The power test of lead plate as main charge in 8" industrial detonator and the burning test were carried out. The results show that
two ethylenediaminelodate salts are successfully prepared. The ethylenediamine diiodic acid belongs to orthorhombic system,
Pbca space group, cell parameters: a=7.4427 A, b=6.7418 A, c=18.2884 A, Z=8, F(000)=760, D.=2.982 g-cm™, and the
peak temperature of thermal decomposition is 185.18 °C. The ethylenediamine hexamiodate is a cocrystallization of ethylenedi-
amine diiodate and iodate acid. It belongs to monoclinic system, P2,/c space group, cell parameters: a=7.2350 A, b=18.498 A,
c=7.5494A, B=107.947° , Z=4, F(000) =996, D.=3.840 g-cm™, and the peak temperature of thermal decomposition is
179.48 °C and 356.87 °C. The 5 mm lead plate can not be made through when the ethylenediamine hexamiodic acid is used as
main charge, while the opposite result occurs when mixed with 10% aluminum powder. The ethylenediamine diiodate can be
used as a simple purple smoke agent.

Key words: ethylenediamine;iodic acid;energetic compound;crystal structure;thermal decomposition;smoke agent
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