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Abstract: Triacetone triperoxide ( TATP) explosive is frequently used by criminals
because of its high power and easy preparation. Therefore, the traceability analysis of
TATP is of great significance for fighting crime and maintaining public safety. The
stable isotope ratio mass spectrometry (IRMS) is a high-precision tool for the measure-
ment of stable isotope ratio, which has been widely used in food science, environmental
protection, geology, forensic science, and other fields. A few of studies have been
reported to apply IRMS to analyze the isotopic ratio of TATP, verifing the feasibility of
using IRMS to distinguish TATP from different sources. However, to realize the
precise source tracing of TATP, it is necessary to further study the influence of synthet-
ic raw materials and processes on the stable isotope ratio of TATP. To the end, in this
work IRMS was used to explore the characteristics of stable isotope ratio of TATP syn-
thesized by different raw materials and processes. We revealed that the values of carbon
isotope (6" C), hydrogen isotope values (8"H) and oxygen isotope values (§*0) of
TATP ranged from — 31.62%, to — 27.50%, (SD<C0.06%,), from — 144.09%, to
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—107. 85%, (SD<C2.78%:) and from 30. 61%, to 38.02%, (SD<C0.5%,), respectively.
The variation in carbon and hydrogen isotope values mostly determined by the isotopic
composition of the precursor acetone, which was the donor of the carbon atoms and the
main donor of hydrogen atoms in TATP. The variation in oxygen isotope values mostly
depended on the isotopic composition of the precursor hydrogen peroxide, which was the
donor of oxygen atoms in TATP. Significantly, the reaction pathway of TATP
synthesized from acetone and hydrogen peroxide was postulated based on the results of
IRMS. Moreover, a linear relationship was found for the carbon isotope values of the
precursor acetone and TATP. This can be used in forensic investigations to link TATP
samples to their corresponding acetone precursors. The linear relationship of the hydro-
gen isotope values of the precursor acetone and TATP was poor because of the possible
hydrogen exchange during the synthesis. Benzoic acid serving as a catalyst has no signif-
icant impact on the stable isotope ratios of TATP. However the reaction time has a
great influence on the isotopic composition of TATP. With the increasing of reaction
time, the reaction yields increased and the carbon isotope values of TATP also increased
because of the kinetic isotope effect. These finding are of great significance for investi-
gating the source of TATP at the crime scene.
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Table 1 Reference materials and standard curves
Rt 5 TRz % B e 5T RG] HAA P MR OC R AL
Stable Reference Measured value True ) Linear correlation
isotope material (mean+SD) /%, value/ %, Fit curve (R?)
0B C TAEA-CH-7 —36.7440. 007 —32. 151 y=1.0109x+4. 9956 1
TAEA-602 —33.4540. 009 —28. 85
USGS 62 —19.5740.012 —14.79
080 USGS 32 9.65+0.08 25.7 y=1.0688x+15. 865 0. 9999
USGS 34 —41.1140.18 —27.9
USGS 35 38.67+0.23 57.5
O H USGS 77 —34.02140. 90 —75.9 y=1.03550—40. 272 0. 9998
IAEA-CH-7 —58.547+0. 66 —100. 3
USGS 62 —111.68+0. 81 —156. 1
A
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Y 43 A 30 BBl 23 3 o — 31, 62%0 ~ —27. 50%; .
—144.09%,~—107. 85%,.30. 61%,~38. 02%,,
AL 22 5 3 ik SR WA R AR Rl 2 & LG AT
PLX A3 AN [ TATP, ¥ A58 45 1R 5 S0k ik
Ok [ 220 g TATP fa e
R 2% LA R AT X T b, 45 15 T3 2, WTLLE
HOREEIE R TATP fa € A6 & U (E 22 5 W
L RIKAE 0T CLo" H. 0" OfH X 43 AN [] ML X 1Y
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Fig.2 6"C, 6"0 and §°H values of different TATP
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Table 2 Reported stable isotope ratios of TATP in literature

S oL e A .. N

WA F T —7.6~—15.3 —105.8~—125.6 20.2~32.5 [15]
i —32.19~—26.53 —209. 49~ —143. 54 16. 24~25. 84 [16]
A5 —31.62~—27.50 —144. 09~ —107. 85 30. 61~38. 02 -

2.2 HRERX TATP 3 E R L FE K #0
AL 3 iy AR T K R A3 A AN A
I RUR K O SRR T T B R Y HE LR
W6 h, 4B 9 iy TATP #fdh . DU R R &
A TATP B3 & R R WS T % 3. 9
TATP # 7= R 3R, 49K 2000, Hoof,

TATP1.TATP4. TATP7 ff§ 6" C{H % $23% ,
—31.48%y ~ — 31.40%,, ¥y th N A 1 & K.
TATP2, TATP5, TATPS [ 0" C{H # :3F »
—27.58%0 ~ — 27.50%, ¥ N E 2 & K.
TATP3. TATP6. TATPY ) 6" C {1 % $ 3% »
—28.65%0~—28.59%., ¥ i N R 3 & i . LA
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Table 3 Stable isotope ratios of TATP synthesized by different raw materials
Hi{& Raw material 724 Product
TATP A TR WA K o
i pI&E=Wi .
" # Yield/ % 8B C/ %, 8*H/ %, 80O/ %
Acetone Hydrogen peroxide

TATP1 Al HP1 20. 1 —31.4040. 04 —144.09£2.71 35.31£0.13
TATP2 A2 HP1 20. 4 —27.5040. 05 —109. 36£2. 33 35.39%£0. 21
TATP3 A3 HP1 20. 2 —28.5940. 06 —126.82+1.92 35.46+0.19
TATP4 Al HP2 21.1 —31.4040. 04 —142.41£2.01 30.88£0. 14
TATP5 A2 HP2 21.5 —27.5140.03 —107.854+2.78 30.6940. 16
TATP6 A3 HP2 20.9 —28.6540.02 —127.654+2.71 30.6140.19
TATP7 Al HP3 19.5 —31.4840. 06 —143.47+2.03 38.02+0. 28
TATPS A2 HP3 20. 8 —27.5840. 05 —108.15+2.09 37.98+0.10
TATPY A3 HP3 18.9 —28.6140. 06 —128.06=+2.63 37.77£0.22

SRR TATP 190" CIE 3 B2 52 DY i 52 1
HkoT R EZIE A G U R

X B RS E A A &R e E . TATP1, TATP4,
TATP7 ffy & H {8 # 5 iF, Jy — 144.09%, ~
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TATPY i 6 H {H % $%38. J9 — 128. 06%, ~
—126. 82%,, ¥ NER 3 & . DL L5 FEM,
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BCER R o R IR A A RUE R Ho O, XF
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TATP i HAEUE B N B X T & 0 %, Oxley

atel19) ) A A T R K JEURE A R TATP, 3IE 52 T
TATP m &I A AR . A 52 5 1 B (7] £ R
ST 4 R SOk R — B

_ ,CH;

. y ~(—CH,4
G o _n H o HCLC o
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Fig. 3 Synthesis mechanism of TATP
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Fig. 4 Correlation of stable isotope ratios between TATP and acetone
2.3 Eaxf TATP T3 E [ £ X B 75 0 HEAL T B 58 78 USRI )% TATP £ 7€ [H]
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2% 5 XF TATP £ € 8] A R L6 AE 1Y 52
AWFSE LL A T N AL RS K HPL 430 £8

B BR AR B2 AL T S B 6 h fif & AL TATP

ﬂiﬂ{i%[ﬁt{ﬁ»m%ﬁ”?%@ 4, TE 2 PR W
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T 2E 5
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RE S T 3 01 2% [0 3R RO I8 3K 5T
JIN IR Bl PR L BT 7 A /N B B RE I RE
R @ bl IR VAE U @ VARG 6 5
Wt 5 B L IR i) 38 B 22 i) e R TR A R A
YR, S BN CE M . A H " CAE . 6% HL
&' OB Fill 52 W7 I [7] 1) 78 1k B8 A W 2 KL . AT
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Table 4 Stable isotopic ratios of TATP synthesized by different acids
Hif& Raw material 74 Product
~ A P

TATP — WA K . .

Hydrogen Acid Yield/ % 813C/ %, 82 H/ % 8180/ %,

Acetone

peroxide
TATP1 Al HP1 H, SO, 20. 1 —31.4040. 04 —144.09+£2.71 35.31£0.13
TATP10 Al HP1 HCI 18.7 —31.1940. 05 —145.2242.04 35.2640.15

x5 AERMEETEEE TATP EERMCELILE
Table 5 Stable isotopic ratios of TATP synthesized by different reaction time
Hif& Raw material 741 Product
S [ )

JIEEWIS . A
TATP R Reaction )

Hydrogen A Yield/ % 81 C/ Yo S H/% 8180/ %o

Acetone time/h

peroxide
TATP1? Al HP1 2 12.5 —31.6240.05 —142.20+2.14 35.4740.19
TATP1 Al HP1 6 20.1 —31.4040.04 —144.09£2.71 35.3140.13
TATP1® Al HP1 12 26.3 —31.2940.05 —147.79+2.24 35.5540. 17
TATP1¢ Al HP1 24 39. 2 —31.0740.03 —145.73+2.66 35.96+0. 14

TE :a.boe T XA 2 BE I ] 45 9 TATP
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