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B e L, W5 2 19 22 5] 2 EDFM I 0% 2k 5k 2 ) B AR
Heoh £ H  Fe F it e i 5 1T BDFM AY 5 42 2k P i) B
RERT I, ARYWNHEMZE: ORMZEL(EDFM) 5
XN JE (DEFM) A A TR, B & Fe & AR A 3 @R 0
M FE R, 2% (EDFM) AT T 2 (BDFM) AN ]

55 102 3% 5 AT A A3 45 GFP f TBPF,
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Table 1 Molecular parameters of DFDs
group symbol molecular formula bridge group side group Fe /%
DEFM H,C,—Fc—CH,—Fc—C,H, —CH,— two ethyls 25.45
I EDFM Fc—CH,—Fc—C,H; —CH,— one ethyl 27.18
BDFM Fc—CH,—Fc—C,H, —CH,— one butyl 25.45
I GFP H,C,—Fc—C(CH,),—Fc—C,H; —C(CH,),— two ethyls 23.93
TBPF (CH,),C—Fc—C(CH,),—Fc—C(CH,), —C(CH,),— two t-butyls 21.37

2.1.2 HEmHE&E

Fie A0 AP 5 DFD Y i b b 95: 5, BRI — 2 it i
H 20 AP FI DFD LA £ R £ BV 570 16 # TR T A 4
WIRS A K A0 AP/DFD RS Wil A ieRE 76 AL,
TE 50 CHEMF T B OR CFR5E 278K BUTFE A B25
THREE 7650 CF T4 2 h,f5 2840 AP/DFD K .
2.1.3 o EEENIRK

KA EE AR AL HTF B TG-DTA 28 &34
BT &AL HE T FHREFE 10 Comin™' &
JE YL M ZE i ~500 °C, i FE i 2.0~2.5 mg.
2.1.3 40 AP/DFD By 3E 5 B ik

K fE i AN, $ IR GJB772-1997 7% 601.2
FEPE 8 R R TR R IR 4 AP/DFD 1R & fi
TR BE P RE PR 5 1R (Hyo) 5 050 2% 14 - V% B 5T £ < (2.000+
0.002) kg; 25 : (20+1) mg; Ik - 25 °C; MR -
40% ; TEF — V% = T, B FE ST 50 RCEAT 5L 0,
2.1.4 FBYH AP/DFD B BE# 5L B Il izt

K BRI A, 4% 18 GJB772-1997 J51% 602.1 44
YEME R IE AT IR 00 2 1 - R i (1500+10) g;
B0 (66+1)°; % E(1.0£0.05)MPa; 255 (20+1)mg; i
JBE 25 °C AHXTHRBE 40 % ; B MR AT 100 YCEA TS5 .
2.2 HEFZE

K Gaussian'' i FH #0143 T % 5 32 ok # 8
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Fig.1 Equilibrium molecular configurations of DFDs with

methylene bridge group
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Fig.2 Equilibrium molecular configurations of DFDs with
methylethlidene bridge group
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AR, H A AP/DFD 14 F Jit il 8% B Y 5 JE 442 )k
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Table 2 Mechanical sensitivities of fine AP/DFD

#x3 DFDOTF&5MEFES

Table3 Characteristic parameters of DFD Molecular structures

group  symbol EP,/kl-mol™  EP;c,/k]-mol™ E, n/k)-mol™
DEFM 3.959 —=7.085 503.702

I EDFM 3.592 -6.674 499.475
BDFM 3.873 —7.089 499.580
GFP 4.118 =7.069 500.972

f TBPF 5.220 -6.416 499.501

I

AP/DFD

AP/DEFM AP/EDFM AP/BDFM AP/GFP  AP/TBPF
Hs, / cm 6.17 7.47 6.03 6.88 7.24
P/ % 46 68 80 80 86
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Note:  EP,is the molecular electrostatic potential, EP,, is the electrostatic po-
tential of negative ferrocene, E _, is the difference of frontline orbital

energy.
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Correlation between impact sensitivity of fine AP
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Fig. 4 Possible modes of interaction between DFD and AP

molecules
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R4 DFD FIAP 43 = 1 09 AH B4 F g

Table 4 Interaction energy between DFD and AP decompos-

ited products kJmol™
product of
NH," HClO,
AP
group
interaction
TOP SIDE1 SIDE2 TOP SIDE1
mode
DEFM -128.43 -100.14 -161.73 -61.14 -58.97
I EDFM -126.45 -94.84 -160.36 -61.19 -55.69
BDFM -130.39 -100.82 -162.30 -63.15 -57.38
I GFP -141.71 -115.13 -167.01 -62.19 -62.65
TBPF -149.54 -119.58 -168.06 —-62.44 -55.65

R 5 W E R PEM R E 2456 /%9 . £ DFD 4
HHCIO MM Fh 455 Jr b, & 22 5 A K, TOP 1Y
A EAEHGER KT SIDE1 454 . DFD AT 5
NH, 194 B /E Fl 6 K T DFD 43 75 HCIO, (19 M B 4E
FH g, U6 B DFD 43 7 s M 19 S 20 5 NH, 19 A AR
PG S XS IE T B 3 45 A .

SE4 3 2B AN AP/DFD K & 1 R 35w B, &
W40 DFD-NH,” .DFD-HCIO, i i lX A B/ fE 5
A AP/DFD {4 & 8 iy B AHOC I 18 5 ros o il 5
LA O T Y AT B A% R BRI AR
DFD-NH, I DFD-HCIO, /) A8 B /& H g B /)N, #8 4i AP/
DFD 1A 2 1 fi o Ja B8 8 IG5 X 7 A0 PN M R e LA —
AT A Y, DFD-NH, 1 E.AE F fE#& K .DFD-HCIO,
(9 AH /R BB /)N L B 41 AP/DFD 1A 2 Ay 4 7 2 i b
ik, VW DFD 4> F 5 AP #7749 22 ) (%) AH B A
S0 25 R 240 AP/DFD A & % 48 o JEk B2 | 48 ot #E DU 7
“i AP/DFD 1A R 52 o Fl 4 o7 ok F2 b, oo 280 A S %
2SI R AR M AAE & S5 T AP BRSO N , R
J5 A 5% DED X AP #.3 fif 5207 i) A Ak A TR Bz, B
AP FR I3 fige 52 I 2 i o J R i i 1 DG SR ) [ 3R
3.2.3 BHAPDFDHERANMBIHFUHESHETREN

iEE kS

A AE 5 & B e AU BT TR SR
PR 1180 °CAady , M40 AP/DFD 1K & 23 th Bl — 4~/
WU o 22 00 B, W INIZ & Ry AP AR TE I DFD 19 %1k
W BV O EE TR U B 41 AP/DFD 1 & i A 43
fiff <k T2 AL 35 DFD (KT S 1L (AP & 78 5% A AP K IR A
o Tk B i DU S e TR AP BB A 5 A AP/DFD
TR R IR 56 RN K 78 A e o
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DFD and minimum interaction energy between DFD and

Correlation between impact sensitivity of fine AP/

thermal decomposition products of AP
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R5 AN AP/DFD K & 1R I) i R
Table 5 Characteristic parameters of thermal decomposition
of fine AP/DFD

I I

sample

AP/DEFM AP/EDFM AP/BDFM  AP/GFP AP/TBPF
TOX»DFD”
/':'C 168.4 170.1 168.6 187.7  198.4
T 2)
/ZéTD 310.9 309.9 306.7 310.1  309.1
THTD3)
/’;'C 353.4 349.5 361.2 362.5 360.2
AT 4)
/OCP'””'””’ 142.5 139.8 138.1 1224 1107

5)
ATp,HTD—DFD

/C

Note: 1) refers to the peak temperature of low -temperature oxidation of

185.0 179.4 192.6 174.8 161.8

DFD and fine AP mixture; 2) refers to the peak temperature of low-
temperature decomposition; 3) refers to the peak temperature of high-
temperature decomposition; 4) refers to the difference of T, ., and

T 5) refers to the difference of T and T

p.ox-DFD p.HTD p.ox-DFD*
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© 68f \
\\
64} \
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e
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S 68 \
3 \
\
\
6.4 \
L \. _
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AT /C

p, HTD-DFD
b. difference of T, ,;p and T, or
Bl 6 4N AP/DFD {4 R ) fift Wl 5 5P v i AR 5G4
Fig. 6 Correlation between impact sensitivity and peak tem-

perature of thermal decomposition of fine AP/DFD
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Fig. 7 Interaction between ferrocene and 011 crystal plane
of AP

%6 DFD AP ST 1454 fig

Table 6 Binding energy between DFD and crystal planes of
AP kJ+mol™
crystal plane of AP DEFM EDFM

(101) —346.78 -350.73

(011) —246.98 —280.76

(111) -178.02 -196.19

(200) -211.18 -181.23

(210) -88.73 -130.38

DEFM .EDFM P DFD 5 AP i Ifi 45 & 8 i /N7
H3:(101)>(011)>(111)>(200)>(210) ; 24 #f B 5L 1A
B g 3 W, AP i T -EDFM (9 45 & BEX R T AP
I -DEFM Y F AR 45 & B , 35 W15 U Q55 9 DFD Xt
AP i T 25 6 B B A o

2485 B 3 (A1 2 o8 7 B #E F(DEFM FITEDFM) |, %
b2 2 HHE 4 AP/DEFM FTEE 4l AP/EDFM 14 R 1 JBE 4
TR B L 25 5 2% 6 A GBI L R B AP T 5 DFD
[ 45 4 BE 3 L B AP b TN 5 DFD 22 (8] 19 41 B A F b
5%, H A0 AP/DFD R &R 1 EESR IR BB K . WAk, 54l
AP/DFD 1A Z 1y 8 o J8% 3 R[], 76 JB8 482 835 U1 7 1) 1
M R R IR Y ik % TR 3R AP I 5 DFD 2

8] F6) A0 B A .
3.3.2 HBAAPDFDEZEMASMBIFHEEEEERBREY
XM

ghA 3 28 40 AP/DFD 1A 5 Y B8 488 8% 8 ¢ 5 v
PR il R AE B ECHE B 41 AP/DFD (1) 44 2 Y 45 £iF 11 I
A3 fire U Ul R R AE AL I A 20 A 0 T 5 A I A U 22 5
JEE 458 JR 32 11 5 22 43 ) o [&1 8 FTEL 9 TR

H & 8 FNE 9 Al LU Hh, X T % 3 1A o 7 H 4%
) DFD (DEFM .EDFM #Il BDFM) , # 4l AP/DFD {k £
AP (A AR 43 fife U T BR 25, 20 AP/DFD 14 3 1) B8 452
JJE B AIG  %F T 2H DFD, AP IS T A 43 i 1606 5 DFD
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Fig. 8 Correlation between friction sensitivity and peak tem-

perature of low -temperature thermal decomposition of fine
AP/DFD(1) mixture
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Fig. 9 Correlation between friction sensitivity and peak tem-
perature difference of LTD of AP and LTO of DFD in fine AP/

DFD mixture
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(1) M40 AP/DFD A4 2 ity i o Jak B R 28 482 2% B AR
AR Ui W 79 25 A Mok & ML A7 7 22 S5, i o JE B 1) fike
KR T AP IR it | FE 4 1 ol % R T AP i i -DFD
AH B AR FH R AR 22 AR B 19 0 o

(2) DFD 5 gk L v #5 f7 ig PE B/ \HCIO, -
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Influence Mechanism of Molecular Structure on Mechanical Sensitivity of Fine AP and Double-core

Ferrocene Derivative Mixture

ZHOU Xing', ZHANG Wei', DENG Lei', JIANG Ben-zheng', ZHOU Jun-hong’, YANG Jun’

(1. College of Aerospace Science and Engineering , National University of Defense Technology, 410073, Changsha, China; 2. Shanghai Institute of Organic
Chemistry, Chinese Academy of Science 200032, Shanghai, China)

Abstract: To study the relationship between the molecular structure of double-core ferrocene derivatives (DFDs) and mechani-
cal sensitivity of fine AP/DFD, molecular structure of DFD, interaction between AP and DFD, characteristics of thermal decom-
position of super fine AP/DFD, and mechanical sensitivity of the mixture were studied by simulation and experiments. The trig-
ger mechanisms of impact and friction sensitivity of the AP/DFD mixture were different. The correlation analysis showed that the
thermal decomposition of AP was the dependent factor on the impact sensitivity of the mixture, the closer profiles for the three
exothermic reaction processes caused lower impact sensitivity. The friction sensitivity of the mixture was dependent on the reac-
tion between DFD molecule and crystal planes of AP, Higher difference beween the lower thermal decomposition temperature of
AP and DFD led to lower friction sensitivity.

Key words: double-core ferrocene derivative(DFD) ;fine AP/ DFD mixture;mechanical sensitivity;molecular structure;interaction
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