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Fig. 1 IR diffuse reflectance spectra of CL-20 sample after

pretreatment
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5 & &-CL-20 AL B % i) RMSECV 5 £ T
B RE, BE S ol A A F BT 5m R,
RMSECV S /1N it J5 s A5 48 K, 24 = 1740k 8 i
RMSECV 3k B f5 /M 5 b B A5 7Ry 350 00 {1 5 30 {1 e 42
S, T 1 4 8 FEE Ak v, R A R £ 5 PR R
8. &l 6 Je fi Mo A 1Y fy A2 B I uE T 5 (A A o6
M4k, R* 4 0.9848 ,RMSECV 47 0.670% .,

F1 ik e-CL-20 @ AL IE BRI =S4
Table 1 Main parameters of optimized quantitative calibration models of £-CL-20
No. spectral pretreatment zzws:ﬁr;l;n;:fr of o/cm™ R? RMSECV/% factor number
1 MSC 101 3770-3119, 2793-2468, 1817-1165 0.9848 0.670 8
2 Normalization 103 3770-3444, 3119-1165 0.9839 0.683 10
3 MSC 104 3770-3119, 1817-1165 0.9836 0.695 8
4 MSC 103 3770-3119, 2793-2468, 2143-1165 0.9833 0.710 8
5 Normalization 101 3770-2142, 1817-1165 0.9822 0.712 9
6 Normalization 104 3770-3444, 3119-2141, 1817-1165 0.9803 0.763 9
7 SNV 101 3770-3444 , 3119-2468, 1817-1165 0.9798 0.770 7
8 SNV 102 3770-2468, 1817-1165 0.9785 0.798 6
9 SNV 103 3770-3444, 3119-2467, 2143-1165 0.9780 0.804 6
Note: MSC is the multiplication scatter correction, Normalization is the min-max normalization, SNV is the standard normalized variate,o is the modeling range ex-
pressed in wavenumber.
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25l ERVNE FE SR th 1 AT A, R A i i T AL
2 07 TR I A e A AL DX (] | 32 DY 7 O A [ /9, 3 B
3" - SWAEIE 2 5B R IE SR AR R BB A R, R
[22] N N . N Z b NG
— . W SHO LA RE R B AE RS B AL 5 o 46
10 . °p"m”mfa§‘°r”“mbe’ B ZICHONRE B T8 B X ] 3770 ~
0 LR I I 3119 ecm™ 2793 ~2468 cm™ (1817 ~1165 cm™ #5r
K Y £=CL-20 5 Hok e 1F MR ASCR Bt
actor numoer .
X . H1 2 2 AT, =l 2 0 A T A A A O 3%
BS e CL20 ) RMSECY R PHOCR A 7 3 4 2 6 ROR R TE T U T o £ 08 R
E s ] ; i
Fig.5 Relation of RMSECV vs factor number for g-CL-20 > ﬁ - I‘:H - - AT N -
S B SR AR D 2, 22 J0 BICHE A TE AT AT B0 25 R
R ity BB T B2 S AURE RS A 8 2 1P 5 5 Ok 19 52 i
100 it DR 188 S S D' 3 1 i 4 B O % 1 R A e, AR AL B R
%] R
3 g0l 3.4 RBRHMNERLEIE
k=] . S \ N o N >
- RMSECV=0670% TEHL 35 A il £ 1R 7 B Al A O i 57 36 TE A R
g o ots i R PO i 22 RO € 50 W 7 5 43 X 46
80+ ' e et g N
k=8 i BB Y AT AR AR I, 25 R W AR 2. 3R 2 AT,
L = 5 s = a-CL-20 ,y-CL-20 .£-CL-20 = Fofr 5 750 %) 95 0 235 SR 249 455
actual o/ % AR RMSEP 4351 & 0.422% .0.813% ,1.02% , it %t
6 o-CL-20 {752 5.5 i T F 55 BLAF 9 KOG il 2% tREIRAE 1 t143 5 4 1.11 1,21 0. 552, 45 % . & 17K F

Fig.6 Correlation curves of predicted values and actual ones

of cross-validation for ¢-CL-20
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Table 2 The evaluation parameters of the best quantitative calibration models of three CL-20 polymorphs

parameters of quantitative calibration model

evaluation parameters

evaluation parameters of external

of cross-validation validation
crystalform sample sampler
/o Sprstcr::tl— number of Jem-! Q2 RMSECV  factor number of RMSEP I
@it P calibration o/cm /% number validation /%
ment
set set
3770-2468
a-CL-20 0-20 MSC 103 2143840 0.9973 0.222 7 35 0.422 1.1
3444-2468,
y-CL-20 0-20 MSC 929 214321165 0.9714 0.650 8 35 0.813 1.21
3770-3119,
e-CL-20 80-100 MSC 101 2793-2468 , 0.9848 0.670 8 35 1.02 0.552
1817-1165

Note: w is the prediction range of content expressed in mass fraction; Itl is the paired t-test value.
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Quantitative Determination of CL-20 Polymorphs by Mid-infrared Diffuse Reflectance Spectroscopy

PAN Qing', SU Peng-fei', GAO Hong-xu', WEN Xiao-yan', PANG Si-ping’, SUN Cheng-hui’, ZHANG Gao'
(1. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China; 2. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing
100081, China)

Abstract: The quantitative calibration models of three polymorphs a-CL-20 ,y-CL-20 .£-CL-20 in £-CL-20 product were established
by mid-infrared diffuse reflectance spectroscopy combined with partial least squares( PLS) method of chemometrics, and the cross-
validation and external validation to the models were performed. Results show that three models have high accuracy and preci-
sion, the determination coefficients of cross-validation( R*) are 0.9973, 0.9714, 0.9848, respectively, and the root mean square
error of cross-validation (RMSECV) are 0.222% , 0.650% , 0.670% , respectively. In the external validation, the root mean
square error of prediction( RMSEP) are 0.422% , 0.813% , 1.02% , respectively, and the paired t-test results show that there is no
significant difference between predicted values and actual ones. The quantitative analysis method of CL-20 polymorphs based on
the above models can be applied to the product quality test of £-CL-20, and the studies on the polymorph stability of £-CL-20 in
technical process and long-time storage of explosives and propellants.

Key words: CL-20; quantitative analysis of polymorph; mid-infrared diffuse reflectance spectroscopy; partial least squares( PLS)
method
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