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2.1 KDNP - H,O &R
2.1.1 REERE

KDNP - H,O )& %4 5 (Scheme 1) %50k
Wi 55— 20 Ak 3-TR R B k45 2 b ] {k 3-95-2 .4,
6-—fHE AR ; 55 B S H SR 9 ] L0 ik 4%
AR 3-1R-2,4,6- = i L 2K Ik 4 A AE R R A R
It 5 & A A KA BRSO, B A OISR 5 it

OCHjg OCH3
@\ H,SOgHNO; O NC,
—_—
Br Br
NO,
3-Bromoanisole BNM
OCHj, 0 o
/
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2 % 1)KN; CH4OH o ? =\ o
—_— .
2) DEC, heat <y |
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Scheme 1 The synthetic approach of KDNP - H,O
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H R TE R R — £ 1 ( DEC) ¥ W #4 i B U O 41
(AUSLEE7
2.1.2 KFIE5XEF

FEGRH 3R EE, b A R AR RA
Al 5 R R RV B R , VY AR R A 2 R A BR A F
P B R S PO, DO PG B Ak A BR S W 5 ek SR, 7
LA T AR G R e A TR ) B, R
T E Ak A R T A RS A & A AR, SIGMA-
ALORICH A #]; kR — . T , B 25 48 A b 2% 75 4 R
o], PL R ¥ o e al

FEALLS . E A H)-3 BUIE R G A N
AR A PR A ] ; SHB-TI AU 24 /K X 2 H 125 2% \RE-
5299 T e 28 AL, U ST T A AL A PR B8 AT Al
DU-80L UFg i =C 55 5246 , 4 4 17 2 Ik 1H 4 52 56 A 2%
J75 JHS-1190 By 7~ 5 3 5 £ % , AT JH 17 43 & d Bl
J7 5 WKY-SX B HL 75 68 95 A, KM A B T 5
FRZAw]; DSC TA Q2000 i1, TA /A F]; VHX-100
BT e, BB A |l 5 SMART-APEXIICCD #4 # iy
T 5N, PR A B se A ) o
2.1.3 &
2.1.3.1 3-i8-2,4,6-=EFARBNTE

£ 100 mL = [ B e Be i b i AR B R 9 mL, JiX
AVKFER K 0.5 h 24, B FukoKig i, g8 i A &k
THAHRR 6 mLo JF IS 0G0+, ] 50 i v 22 1% 3% fin
3 g(0.016 mol)3-J5 4 Ik , i i 5¢ B2 Ja O/ ¢ I I I
JEAE O ~5 CN RN 0.5 h, J5 T i % 50 ~60 °C,
B2 ~3 ho AR EGFIRE PR, A RV 203 = i, 15 3
TEEWEH R HZE RS EAKKIE G, L
B3 PRSI vIOK IR G W o T U R 1 (0 ]
AT o b, K. A5 B A B A KRS T 13 mL
PIE R I 5 mL JE oK 2 BEVS 1 45 & )R e % 75 kA5
WAk 2.315 g, WK 77.1%

"H NMR (Acetone-d,, 500 MHz)§: 9.00(1H),
4.33(3H); IR(KBr, »/ cm™ ) : 3094,1603,1584,1557,
1392,1341,727,640; Anal. calcd. for C, H, O, N, Br:
C 26.095, N 13.047, H 1.243; found: C 26. 260,
N 12.450, H 1.041,
2.1.3.2 4,6-“WE-7-F-FHAEULKBEHR—KL

# (KDNP - H,O) B &l &

ZMOCHR 9] W ik #fT g, % 2.32 g
(0.007 mol)3-J7-2,4,6-=fiff F£ 4 H it i5 T 40 mL
HEEd , inA 1.28 g (0.016 mol) & & LA, T 90 °C
21 ) 11 2 B N = 21 (- R ER R B L R I
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B 22 WY It 45 2R B0 5 1 BT 44 o 32 0K d /) i i A
A 7 i i A D, A 3 B B DRI, G 2 R B R
KN KRR )9 T 40 mL BRER - Z Fg
AR 2 150 °C 2h, ZEM e M E SR, KoK #HL H
0.5 hjg i, RN R B BH L2, R T AR
HEF L WA E] 80 mL BN, A E 50 °C,
PRIEMA 90 mL 40 °C iy A& BRI U, ¥ W% ¥ ok A
R ARy KDNP - H, O ik, RN E=EIR)E
FVKARBER AR 0 ChA, ik, #WE K Z K,
60 CHET, 155]/~4#) 0.83 g, It* 63.83%,

"H NMR (Acetone-d,, 500 MHz) §: 9.02(1H),
2.05(2H);"”C NMR (DMSO-d,, 125 MHz)s: 161.69,
148.33,135.19, 127.54, 115.18, 111.41; IR (KBr, »/
cm™) : 3589,1645,1576,1527, 1474 ,1373,1342,1299,
1237, 1127,1022,995,916,829,811,785,752,729,698 ;
Anal. calcd. for C.H,KN,O,: C 24. 165, N 18.787,
H 1.014; found. C 25.260, N 18.030, H 0.740,

2.2 KDNP - H,O B REFS5ERNIR
2.2.1 BEREF

s —E 5 #Y KDNP - H, O & i 78 £ 8 7K, i
) B R, i DA B 5 o 0 0 WV R, R IR TR AR
2% 20 d Ao Ay, 49 B 58 B A YOIR B KDNP - H, O
TS50 5E sl 1 s o

B MO AT R R AR A (100 %)
Fig.1 Crystalline morphology of video microscope(100x)

2.2.2 REEHMHNE

PEHL 0.37 mmx0.25 mmx0.18 mm [ &, %
FH 8 [ 45 €2 55 SMART-APEXIICCD # # 5 737 51, LA
A AR AR AL E) MoK 4 (1 =0.071073 nm)
TR L AE 296(2)K,1.93°<0<25.10°,i# i1 w-0 1
i 7 W 2905 AT 5, o 2118 Al 7 AT 5 A
[R,,,=0.0106 ], fr A7 55 & B4 A7 L, H - S 28 3 it
WS TE o & K 45 48 38 2o B 42 1% B SHELX-97 fif A7 15
), JF 4 0 B SR /N I RS 18 B R R 1B R Y
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TRPER, WA, AL, AR, AR, TE M

SHELX-97 5¢ . AR E R ¥ i F LG , & 1l it
MBS EHSEI LT,

R 1 KDNP - H,O [ 1 45 14 B3 T 45 #4085 15 S 48

Table 1 Crystal data and structure refinement parameters for
KDNP - H,O
complex KDNP - H,O
formula CeH; KN, Oy
formula mass 298.22
temperature /K 296(2)
crystal system triclinic
space group P-1
a/A 4.567(1)
b/A 10.617(2)
c/A 11.769(3)
al(°) 115.545(3)
B/(°) 95.629(3)
y/(°) 91.429(3)
V/A® 511.0(2)
V4 2
D./g+cm™ 1.938
reflections collected 2905
unique reflections 2118
Rint 0.0106
R, [I>20(1)]" 0.0343
wR, [ I>20(1) ] 0.1075
R, (all data) 0.0398
wR, (all data) 0.1261
GOF on F 1.017
completeness ( data) 0.975

Note: 1) Ry =31 1F | =IF /S IF,I.
2)WRy= {Swl (F,)2=(F)2]2/Swl (F,)2]2| 12

3 HR5TR

3.1 KDNP:-H,O WjBR&&EH

KDNP - H,O kg T =/ &R, = B P1,2Z
(60 2, FL2h 4 Je ot s AR AN 181 2 R 3 s o

455K 2 1K 3 aTLIAE F,KDNP - H,O Y 5 1 25
WHRAEPASTRBZ XKW R BUZ 2P HAE
B o BT R BUR R F YRS, t 2RO A
WEIH PR KT H, O 28 7 41 e K™ 20 3l 45 K B i 4
FC6) fi By O(5) I AR I 3 F 22 N(3) i
EiO(6) i1 AR N (1) £ /Y O(1) Ji 7 fiy 3
N(2)fi B/ O(3) 57, KT O7) J7 Lh K&
AR A Y K(1)—O (1) K(1)—0(7) .C(6)—
O(5) s FHl# .

R S B A R A TR 2 ~ 3R 3
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BT A0 S AL E 3R 2 K w SRR B SR B Ak
N, S ECE AN R C =N, C = C #1Y
BEK(1.326,1.408A) LH M C — N,N = N f# K
(1.270,1.340 A) K, 7 C—C 5K (1.432 A)
M C—C #EAHEK (1.540 A) % ,C =N .C=C,
C—CHtRK T F#4k, KDNP - H,O By H
R I8 W) AR AE 109 ~128° 484k, B 1 i 25 120°,
RS TCH B R NAAE —ERK T . BT 0 &
SRR AN S K5y NI T N s e R R A A i
e, s Yy Je /A2 /N B C(4)—C(5)—C(6) |
C(1)—C(2)—C(3).C(2)—C(1)—C(6) ffMmmyE K,
C(3)—C(4)—C(5) s MI/N, 1 C(1)—C(6)—C(5)
AR E/NIER T C(1)—C(6) . C(5)—N(3) 1
WY ALY 25 1), i i S Rk 1 e
TN (C(2)—C(3)—C(4) B A v/t 2 H T2
B JE A ) 5 KDNP « H, O Bk I 285 28 J5 5 I8 1% A 4
FAE 106° ~112° Y484k, A1 i 25 120° (IE % sp” 2%
b)) i T IE A B A9 A 108°, 31X & B 0K I 24
FEAE—E 5K 7, [RVRE ph B U Y it R ol A5 g 7 3 K
W/ o H LA AT, KDNP -« H,O 0 FINfEAE K T o

B2 KDNP - H,O [y4F4i#
Fig.2 Molecular structure for KDNP - H,O

B 3 KDNP - H,O @& i
Fig.3 Packing diagram of KDNP - H,O
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%2 KDNP - H,O 4K
Table 2 Selected bond lengths for KDNP « H,O

bond length/A bond length/A
N(1)—0O(1) 1.238(3) C(1)—C(6) 1.445(3)
N(1)—O(2)  1.233(3) C(2)—C(3) 1.371(3)

N(2)—O0(3)  1.226(3)
N(2)—O0(4)  1.227(3)
N(3)—C(5)  1.332(3)
N(4)—C(4)  1.320(3)
C(1)—C(2) 1.407(3)

C(3)—C(4) 1.425(3)
C(4)—C(5) 1.426(3)
C(5)—C(6) 1.470(3)
C(2)—H(2)  0.9300(0)

&3 KDNP - H,O ¥/ A
Table 3 Selected bond angle for KDNP - H,O

bond angle/(°) bond angle/(°)
C(1)—C(2)—C(3) 123.30(20)  N(4)—O(8)—N(3)  108.43(15)
C(2)—C(3)—C(4) 119.04(19)  O(6)—K(1)—O(5) 63.19(5)
C(3)—C(4)—C(5) 116.74(19) O(6)—K(1)—0(7) 71.66(6)
C(4)—C(5)—C(6) 127.33(19) O(5)—K(1)—0(7) 71.15(6)
C(1)—C(6)—C(5) 109.88(18) K(1)—O(7)—H(7A)  97.00(300)
C(2)—C(1)—C(6) 123.06(20)  K(1)—O(7)—H(7B)  101.00(200)
N(4)—C(4)—C(5) 111.53(19)  C(6)—O()—K(1)  140.11(15)
N(3)—C(5)—C(4) 107.18(18)  N(3)—O(6)—K(1)  133.84(14)

C(5)—N(3)—0(8) 106.76(16)
C(4)—N(4)—O0(8) 106.10(16)

H(7A)—O(7)—H(7B) 100.00(400)

3.3 KDNP - H,O pgEMik 5 W4
3.3.1 KDNP - H,O fy# i aE

IR R ~ 500 °C, TR R N
10 °C - min™ BRSSP T, WL FE i DSC 43 it
Mgk, 25 L s 4 Fros . I 4 °TF 1, Hoo g e iat
UG T227.00 °C, TR R BE R 267.62 °C, 43 fRA& T
277.00 °C,

exo
-

-15] peak temperature : 267.62 °C

heat flow / mW-mg

20 peak heat integration: 3196 J-g‘1
-25] heating rate: 10 “Comin”

0 100 200 300 400 500
temperature / °C

4 KDNP - H,0 ffy DSC fih £
Fig.4 DSC curve of KDNP - H,O
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3.3.2 KDNP - H,O #1488k

¥t 1 GJB-5891.22-2006""  GJB-5891. 24 —
2006 \GJB-5891.27-2006""" ) &% GJB-5891.25
=2006""" W T BT il 45 9 KDNP « H,O f i 7 &
JEE BRSSO R R o R A T 3k
A 20 mg 256,800 g v HE, 5 30 K JEE 4K
JE MR S5 70°4% £/ ,1. 23 MPa,20 mg 24 &, 41
AT, X5 50 K i H R I B AR R o L A
0.22 wF, B AZERE 1.0 mm, 2B H 100 kO, 25 &
25 mg, i 30 K5 KO R A5 20 mg 2
i, IR EL 30 K& o 4% DL I AR R B A LTNR fi
R EE R KM B, KDNP - H, O 5 LTNR
JREZE XTI 4,

F4 KDNP - H,O 5 LTNR /g i 45 55T H

Table 4 Comparison of sensitivity results for KDNP - H, O
and LTNR

: impact electrostatic friction flame
prm;ar_y sensitivity sensitivity sensitivity  sensitivity
explosives H., /cm £/l % Jem
KDNP - H,O 21.3 0.69 56 24.7
LTNR 14.7 0.40 5201%) 39.3

H 2 4 0l UL, JUr il 45 1) KDNP - H, O )4 7 J2 B
b LTNR BH I gl Jg i L JB% % L LTNR £JER 72.50%
FE R EE 5 LTNR A8 Y, 17 ACHE I BE L LTNR il )&
37.15% , IV o JR Pl J R U R R U A Y
M KA IR WA 2 275 TR A T LTNR,
3.3.3 BRMUERME TN

¥ Dmol3 ) GGA-PBE %%} KDNP - H,O
TR EE A AT IR, B B e X O 0.70 keal/g
(1 kcal=4.18 kJ) ,f& ASCHik [ 16 ] £ 4 Il )5 7 2
(Y=1.127X+0.046) i+ 5E#4 Y 2 0.83 kcal/g (Hp

3.50 k) - g7") ,#E T H)  Kamlet-Jacobs 23 2 7 3
BN 6.77 km - 5T HREER 21.25 GPa,
D=1.010'%(1+1.30p)

p=1.558ap"

®=31.68N(MQ)'?

A, D N km - s p NIEIE, GPa; @ MR
S8 p WAFIHEE g - em™ s N R M2 &k
AR R (1, mol - g7 M ﬂﬂ’ﬁﬁifz%ﬁ’ﬂzﬁj
BE IR IR, g - mol™ 5 Q 2GRy k) -

4 % ®

(1) 38 o A P B B S8 BRI, SR s A ik <08 fird
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HEBEA, A S E T KDNP, It & 3 KDNP 247 —
A5 KL E Y KDNP - H,O, 25 @ T =R &R,
P-1 Zs [a] #f o

(2)KDNP « H,O fyfiE B H o 21.3 cm, &
HLUBFE B, 0.69 ), BEIE B 56% , KA IR
24.7 cm, AR T LTNR,

(3)KDNP « H,O My B ig B & B8N 1B
3.50 k) - g7 MR 6.77 km - 7' JEJE 21.25 GPa,

RSS2 A 2 T R R | R
RE 7 AT LTNR S — Bl J0 #5442 IR0 B 1 BB AR
SRR
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Synthesis, Crystal Structure and Properties of Potassium 7-Hydroxy-4, 6-dinitrobenzofuroxan Monohydrate
(KDNP - H,0)

ZHANG Shi-xin, SHENG Di-lun, ZHU Ya-hong, NI De-bin, XU Dong, YU Guo-giang
( The Institute of Shaanxi Applied Physics and Chemistry, Xi'an 710061, China)

Abstract. The main disadvantages of lead 2, 4, 6-trinitroresorecinate (LTNR)are too high electrostatic sensitivity and the harm to
the human body and the environment caused by lead. In search of a replacement for LTNR, potassium 4, 6-dinitro-7-oxygen-
benzofuroxan monohydrate( KDNP + H,O) was synthesized by two-step method. The single crystal of the compoud was obtained
by solvent evaporation method. lts structure was chracterized by elemental analysis, IR spectroscopy, '"H NMR/">C NMR spectros-
copy and X-ray single-crystal diffraction. Its sensitivities were measured according to the Chinese military standard test method GJB-
5891. The heat of detonation was calculated. The detonation parameters of the compoud were calculated by Kamlet-Jacobs equa-
tions. Results show that the crystal is triclinic, space group P-1 with one crystal water. For this primary explosives, the impact sen-
sitivity (Hy,) is 21.3 cm, the electrostatic sensitivity ( E;,) is 0. 69 J, the friction sensitivity is 56% , the flame sensitivity is

24.7 cm, the heat of detonation is 3.50 k) - g™, the detonation velocity is 6.77 km « s

and detonation pressure is 21.25 GPa,
revealing that KDNP - H,O is a primary explosives with lead-free, safe and environmental protection.

Key words: potassium 4, 6-dinitro-7-oxygen-benzofuroxan monohydrate (KDNP - H, O); crystal structure; detonation perform-
ance; primary explosives
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