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Sixty nine chemicals that have high probability of chemical accidents are designated as the substances
requiring preparedness for accidents and managed for public health protection under the Toxic Chemicals Con-
trol Act. When a chemical accident or chemical terror is occurred, the exact detection and analysis of the chem-
icals is rapidly required for acquiring the qualitative information. In this study, the substances requiring
preparation for accidents were detected and analyzed to establish stage of detection and analytical method
using portable GC/MS (Gas Chromatograph-Mass Spectrometer), portable FT-IR (Fourier Transform Infrared
spectrometer) and portable XRD (X-Ray Diffractometer). Volatile organic chemicals and organic gases were
analyzed by GC/MS and solids having crystal structure were analyzed by XRD. Organic, inorganic liquids and
solids were analyzed by portable FT-IR. Therefore, twenty four chemicals were be analyzed by portable GC/
MS and forty eight chemicals were be analyzed by portable FT-IR. Also eleven chemicals were be analyzed
by portable XRD. Sixty nine chemicals were classified according to their physicochemical properties. As a
result, an on-site library containing the spectra generated by the above mentioned portable analysis equipments
was constructed for early detection and characterization of chemical agents.
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Table 1. On-site analytical equipments

Foi-& XRD IS o] &silrh. #4

Portable GC/MS

Portable FT-IR

Portable XRD

» Equipment : Exoscan
» Manufacturer
- A2 Technologies

>F%?§Srﬁzntsmartplus » Range : 4000cm™~650cm ™
» Manufacturer » Response time : 1min
- Inficon » Beam splitter
: - Zinc Selenide
» Analysis range 1 '
- 45~300 amu. Pfietercftor : dTGSG
- 0 » interferometer Geometry
i, ]éelfvé BE 250°C - High throughput Michelson inter-
- p}11 11210 ferometer with fixed and moving

flat mirrors

» Sample Interface
- Single bounce diamond ATR

» Equipment : Terra 250
» Manufacturer
- Olympus Innov-X
» Resolution : 0.25° 20 FWHM
» Range : 5°~55° 20
» Response time : 15min

Sodium, Diborane,

S J S E Sigma, Junsei,
S dHste] JY
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Table 2. Analytical parameters of portable GC/MS

Parameters Conditions
Column SPB-1 (30 mx0.32 mmx1 pm)
Carrier gas N, (1.0 mL/min)
Sample input device probe
Temperature information

- Probe temperature 30°C
- Oven temperature ORate' T(Zmp. Time
(°C/min) °C) (min)
50 5
5 100 0
15 200 0
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Table 3. Analysis equipments for the substances requiring preparation for accidents

No. Chemical substrances Formular M.W. B.P. Ié)gai\t/}lse pglrrlg-altl);e p(;g%l;le
1 Formaldehyde CH,0 30.03 -19.5 X O X
2 Methyl hydrazine CHgN, 46.07 875 - - -
3 Methanol CH,O 32.04 64.7 X O X
4 Benzene CeHg 78.11 80.1 @) O X
5 Methyl chloride CH,4Cl 50.49 -23.7 O X X
6 Hydrogen cyanide HCN 27.03 25.6 X X X
7  Vinyl chloride C,H,Cl 62.5 -13 O X X
8 Carbon disulfide CS, 76.14 46.5 O @) X
9 Ethylene oxide C,H,0 441 10.7 X X X
10 Phosgene CoCl, 98.92 8.2 X X X
11 Propylene oxide C;HO 58.08 34.23 O O X
12 Methyl ethyl ketone C,HgO 72.11 79.6 O O X
13 Methyl vinyl ketone C,HO 70.1 81.4 @) O X
14 Nitrobenzene CgH;NO, 123.11 211 @) O X
15 p-Nitrotoluene C,H,NO, 137.14 238 X @) O
16 Acrolein C;H,0 56.06 52.5 @) @) X
17 Acrylonitrile C;H3N 53.06 773 @) @) X
18  Allyl alcohol C;H:O 58.08  96~97 @) @) X
19 m-Cresol C;HgO 108.14 202 X @) X
20 Toluene C;Hg 92.14 110.6 @) O X
21 Phenol C¢HgO 94.11 181.8 X @) X
22 Ethyl acetate CHg0, 88.11 77 @) O X
23 Sodium cyanide NaCN 49.01 1,496 X O O
24 Zinc phosphide ZnsP, 258.12 1,100 X O O
25 Isophorone diisocyanate CoHsN,0,  222.32 158 X O X
26 Sodium Na 22.99 881.4 - - -
27 Hydrogen chloride HCl1 36.5 108.58 X O X
28 Hydrogen fluoride HF 20.01 19~20 X O X
29 Ammonia NH, 17.03 -334 X X X
30 Sulfuric acid H,SO, 98.08 290 X O X
31 Nitric acid HNO, 63.01 83 X @) X
32 Phosphorus trichloride PCl, 137.35 76.1 O O X
33 Arsine AsH, 77.95 -62.5 - - -
34 Chloro sulfonic acid HSO,4C1 116.53 151 X O X
35 Phosphine PH, 34 -87.7 X X X
36 Phosphorus oxychloride POCl4 153.33 105.8 O O X
37 Formic acid CH,0, 46.02 100.8 O @) X
38 Methylamine CH;N 31.06 -6.3 X X X
39 Trimethylamine C;HoN 59.11 2.8 X X X
40  Acrylic acid C;H,0, 72.06 141 @) O X
41 Methyl acrylate CH;0, 86.09 80.5 @) @) X
42 Benzyl chloride C;H,Cl 126.9 179 @) O X
43 Allyl chloride C;H;Cl 76.53 45 @) @) X
44 Ethylene diamine C,HgN, 60.1 116 X O X
45 n-Butylamine CH;)N 73.14 78 @) O X
46 Triethylamine CeH 5N 101.19 89.3 @) @) X
47 Ethylenimine C,H;N 43.08  55~56 X X X
48 Toluene-2,4-diisocyanate CoHeN,0,  174.16 251 X O X
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Table 3. Continued

2 U3 A7 31

portable  portable  portable

No. Chemical substrances Formular M.W. B.P GC/MS FLIR XRD
49 Carbon monoxide CO 28.01 -191.5 X X X
50 Acrylyl chloride C;H,CIO 90.5 75 @) @) X
51 Methyl ethyl ketone peroxide CgH 1504 210.22 19 X @) X
52  Fluorine F, 37997  -188.13 X X X
53 Chlorine Cl, 70.9 -34.04 X X X
54 Hydrogen sulfide H,S 34.08 -60.33 X O X
55 Chlorine dioxide Clo, 67.45 11 - - -
56 Diborane B,Hg 27.69 -92.5 - - -
57 Nitric oxide NO 30.006  -151.74 X X X
58 O-Isopropylmethyl phosphonofluoridate C,H;,FO,P  140.11 147 - - -
59 Cyanogen chloride CCIN 61.47 13 - - -
60 Nitromethane CH;NO, 61.04 101.1 O O X
61 Ammonium nitrate NH,NO, 80.06  200~260 X O O
62 Hexamine (CH,)¢N, 140.19 263 X O O
63 Hydrogen peroxide H,0, 34.02 152 X O X
64 Potassium chlorate KClO4 122.55 400 X O O
65 Potassium nitrate KNO, 101.11 400 X O O
66 Potassium perchlorate KCI0, 138.55 - X O O
67 Potassium permanganate KMnO, 158.04 - X O O
68 Sodium chlorate NaClO, 106.44 106 X O O
69 Sodium nitrate NaNO, 85.01 380 X O O
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Table 4. Analysis of chemical substances by portable GC/MS

Chemical substances RT Chemical substances RT
Propylene oxide 1.43 Triethylamine 4.09
Carbon disulfide 2.2 Acrylic acid 4.39
Methyl ethyl ketone 2.23 Acrylyl chloride 2.25
Ethyl acetate 2.33 Allyl chloride 1.57
Benzyl chloride 15.17 Nitromethane 2.1
Toluene 6.23 Acrolein 14
Acrylonitrile 1.48 Methyl chloride 1.23
Allyl alcohol 2.1 Vinyl chloride 1.26
Methyl vinyl ketone 2.18 n-Butyl amine 3.25
Methyl acrylate 2.38 Formic acid 1.46
Benzene 3.27 Nitrobenzene 17.06
Phosphorous trichloride 2.55 Phosphorous oxychloride 4.37
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Table 5. Information of chemical substances in new libraries by portable FT-IR

Chemical substances Cas no. Rational formula Form
p-Nitrotoluene 99-99-0 CH;CgH,NO, solid
Acrolein 107-02-8 CH,=CHCHO liquid
Zinc phosphide 1314-84-7 Zn,;P, solid
Hydrogen fluoride 7664-39-3 HF liquid
Nitric acid 7697-37-2 HNO, liquid
Phosphorus trichloride 7719-12-2 PCl, liquid
Chlorosulfonic acid 7790-94-5 HSO,4Cl1 liquid
Phosphorus oxychloride 10025-87-3 POCl4 liquid
Allyl chloride 107-05-1 CH,=CHCH,CI liquid
Acrylyl chloride 814-68-6 CH,=CHCOCI liquid
Hydrogen sulfide 7783-06-4 H,S solid

p—Nitrotoluene Acrolein Zinc phosphide
Hydrogen fluoride Nitric acid Phosphorus trichloride
Chlorosulfonic acid Phosphorus oxychloride Allyl chloride
§
Acrylyl chloride Hydrogen sulfide

o) St )

Fig. 1. Infrared spectrum by portable FT-IR.

Mslels 1A 2749 2%, S tgahe oux
o F4E8 2 Ao f1sEES TS 4
$71% 27 Ad wRe] AE SHERS AZFO
A g5 SeRRE ARl shssit meb
nA) SR AEFE oln Y Y= Fxel A%
S} magomA WA SHE Fol Je 48718
sk o) A SRRl PxE 24T 5 A

ge

19, 25 golRelz PE 115 22 F 471

p-Nitrotoluene, Acrolein, Allyl chloride, Acrylyl
chloride & 4502 Aod 2HEHS B 54 2
8700 O F4Ys AT & AU p
Nitrotoluene- 1400~1600 cmollA] F5wS e}
el W=t Uoler shetEolA Uehde 2871
£ Fgelgk 4 2, Acrolein® 1600~1700 cm™
o FruE Jehjo] whasl Bk olFAUT &
dligtel=FolA Yehte 7lErdr|e 20E 4 3l

(S



AdpEEE @ B8] - B4 Ask A 33
2tk Allyl chloride= 650~800 cmloA] 7 = Table 6. Crystalline structure and 20 of chemical
22 JeRflo] Bhas) die] sazlsie S g substances by portable XRD
918 4 UL, Acrylyl chloride= 600~800 cm’ ; B e
UE T o, Acrylyl chloride<= cm’, Chemical substances . Crystal structure
1700~1800 cm oA & FwlEs veplie] was} —r

_ _ - _ otassium
B0l BRANLIF 2R HIT F R o B
AT Potassium nitrate 23 r ?E om Y')\-
p-Nitrotoluene 25 t{ A

3.3. RLHE XRD Potassium perchlorate 26

Frohd XRDe 287 34| BAIE TAG AL o ochide M Tetragonal -
H] =2 F Sodium nitrate, Potassium chlorate
EFE 150 el AFTESE AR I godium chiorate 0 leometic <L
t}. Potassium permanganate, Potassium nitrate, p-
Nitrotoluene, Potassium perchlorate Orthorhombic  Sodium cyanide 30 Cubic
TZE 7MA™, Zinc phosphide2 Tetragonal, Sodium : :
chlorate> Isometric, Sodium cyanide> Cubic, Am- Ammonium nitrate 6 Trigonal
monium nitrate$} Sodium nitrate’= Trigonal, Potas- ~ Sodium nitrate 30
sium chlorate= Monoclinic, Hexamine Tetrahedral  pyassium chlorate 26 Monodlinic ‘
TEE o]FoA qdrt.

115 270 202+e 6°~44°2 2 ANA AHE  Hexamine 8 Totrahedel ;ﬁ‘

Fo8 XRD2| Aol slF= 2 Ammonium
nitrate®] 207k BRI 5% 7M7ke 6°= BAlE
o] dAA HA Al Th2 A Ay)ete] waHEAe]  peake] 205 Table 60 UERAY XA ~HEHS
gad Ao yokdc) 7t E4o] AR main - Fig. 290 YERSIC

Potassium permanganate Potassium nitrate P-Nitrotoluene

|

Potassium perchlorate Zinc phosphide Sodium chlorate

T
i LTl "(\ﬁ“f“ ”‘
{ o Ml ==

‘ Iw"!., e '

Sodium nitrate

Sodium cyanide Ammonium nitrate

(S Y L S




34 = - oA - A

¥ AT SR AR HE Bl dulsiel &
shstsREanel el Agslo) gl AR 69%
o vt @4 BA - APES A 915t]
sigith, WA Al eae Beiset S4e wel
ERSAGOH, FHhE GOMS, FHh8 FLIRS Foje
XRDE olg-sle] Ao 505l e 4484
3% @7 Folusels T @, Bagu B
H7FR g oA A BRI} olel e Sain B

A sk - e Aol AN AL

A& hgshed FE B8E 5 U

E EHEA, 4B 5 U9 A}

AN T GA - $A71%H Frig gz
S

=
Solxl Ao A 2

—

. 3R, 2010, FlsiEEETEY.

2. PR, 2007, AL - HiF oEED d@FRR
7 A,

3. U.S. EPA, Field screening equipment infomation doc-
ument, Companion to standardized analytical methods
Sor environmental restoration following homeland secu-
rity events(SAM) - Revision 5.0, EPA/600/R-10/091,
2010.

4. U.S. Department of Justice, Guide for the Selection of

Chemical Agent and Toxic Industrial Material Detection

Equipment for Emergency First Responders, NIJ Guide

100-00, 2000, vol 1.

5.

10.

11.

12.

13.

14.

15.

16.

17.

. Hiroyuki

U.S. Department of Justice, Guide for the Selection of
Chemical Agent and Toxic Industrial Material Detection
Equipment for Emergency First Responders, NIJ Guide
100-00, 2000, vol II.

. Philip A. Smith, David Koch, Gary L. Hook, Richard P.

Ericksonl, Trends in Analytical Chemistry, 2004, 23,
296-306.

Sekiguchi, Koji Matsushita, Shigeharu
Yamashiro, Yasuhiro Sano, Yasuo Seto, Taisuke Okuda,
Akiyoshi Sato, Forensic Toxicol, 2006, 24, 17-22.

. Eckenrode B.A., American Society for Mass Spectrom-

etry, 2001, 12, 683-693.

. Rajendrani Mukhopadhyay, Analytical chemistry, 2004,

369-372.

Yasuo Seto, Mieko Kanamori-Kataoka, Kouichiro
Tsuge, Isaac Ohsawa, Hisashi Maruko, Hiroshi Sekigu-
chi, Yasuhiro Sano, Shigeharu Yamashiro, Koji Mat-
sushita, Hiroyuki Sekiguchi, Teruo Itoi, Kazumitsu
lura, Toxin Reviews, 2007, 26(3), 299-312.

Augusto Pifferi, Gaetano Campi, Carmelo Giacovazzo,
and Ettore Gobbi, Croatica Chemica Acta, 2009, 82(2),
449-454.

Catharine H. Malden, Robert D. Speller, Nuclear
Instruments and Methods in Physics Research A, 2000,
449, 408-415.

U.S. House of committee on homeland security, The
Resilient Homeland — Broadening the Homeland Secu-
rity Strategy, 2008, 9-10

FYge4 79, 2011, AFZhH]E2 KEY INFO
GUIDE.

=93, 2011, SIEA AR - HE @A
s,

A4, AXE, S84, AL, S
1998, 7/7/247, pp 73-81, S 1&.

John E. McMurry, 2008, -%7/3}8/, 7%, pp 407-
408, Alo]Z2] X,

3} 7L A)

y TOH O,



