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Abstract: Cyanogen chloride ( CICN) has been widely used in industrial production. CICN is
also listed in the Schedule of the Chemical Weapons Convention (CWC). The use of traditional
colorimetric analysis or gas chromatography for the detection of CICN has been characterized

by low efficiency and poor sensitivity. In this study, a method was established for the qualita-
tive analysis and quantitative detection of CICN in organic and water matrices by gas chroma-
tography-mass spectrometry ( GC-MS) based on thiol derivatization. 1-Butylthiol was selected
as the optimal derivatization reagent. The optimal temperature for thiol derivatization in the
organic matrices was 40 C and the reaction time was 10 min. The pH for derivatization was
approximately 9. The CICN in the organic matrices was directly analyzed by GC-MS after deri-
vatization. The conditions of CICN derivatization in the water matrices were the same as those
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in the organic matrices. After the derivatization of CICN, headspace-solid phase microextraction
(HS-SPME) was employed during sample preparation for water matrices. Different tempera-
tures for HS-SPME were explored, and the optimal temperature was found to be 55 C. The
product of thiol derivatization was confirmed as butyl thiocyanate. The main fragmentation pat-
terns and mass spectrometric cleavage pathway were investigated by GC-MS/MS. The quantita-
tive determination of CICN in organic and water matrices was conducted via the internal stand-
ard and external standard methods, respectively. CICN showed good linearity in the corre-
sponding ranges in the organic and water matrices. The correlation coefficients for both matri-
ces were greater than 0.99. The linearities of CICN in the organic and water matrices were in
the range of 20-2 000 pwg/L and 20-1200 pg/L, respectively. An organic sample and water
samples from different substrates were selected to verify the accuracy and precision of the
method at three spiked levels. The average spiked recoveries of CICN in the organic sample and
water samples were 87.3%-98. 8% and 97. 6% —102. 2%, respectively. The corresponding rela-
tive standard deviations (RSDs, n=6) were 2. 1% —-4.7% and 2. 8% -4.2%. The derivatization
method established in this study showed good reaction specificity. The method was successfully
applied in the analysis of samples obtained from the Organisation for the Prohibition of Chemical
Weapons (OPCW). The method established in this study for the detection of CICN showed high
sensitivity and precision, and could aid in the analysis and detection of CICN in the environment.
Key words: gas chromatography-mass spectrometry ( GC-MS) ; headspace solid phase micro-

extraction ( HS-SPME) ; thiol derivatization; cyanogen chloride ( CICN)
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il 1.0 mg/mL CICN/H 2Rl CICN/ 28 F/KiH
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V) R RS AR 2R 6 pH (B 2 9, W MR 4 3 B 25

BIRIRA B, T 40 C & T A4 =B 10
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C 447 1 min, L 10 C/min (T # T+ 2 280
C ,44FF 5 min,
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BFUR EL & FIREE 250 C 5 MU AT IR
230 C ;L HIZR IR 250 C; ML TREHRE 70 eV, 21
TP AT ST R R m/ 2 29~550,0.5 s;5F
BF AN, 2 BEEE m/z 115 (REFERE R 10 eV)
Keom/z 57( Wi RER 5,10 2 20 eV) VR BEE
B T WA (SIM) i}, CICN fi5 4= 77 ) 22 P 1l
ERE T m/z 435914 115 F1 41, Whsd et fE
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A, FEAE T R R R T R AT T R Y A
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SIS #R M AE R S ST BRI (B RN R e B
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Fig. 1 Chromatograms of CICN (10 mg/L)/toluene
standard working solution
CICN: cyanogen chloride.
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Fig. 2 Chromatograms of CICN derivative products with different derivatization reagents
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x1 EXREER
Table 1 Orthogonal array testing results

Level Temperature/ C Time/min Solvent pH value
1 30 5 toluene 9 (adjusted by triethylamine )
2 40 10 dichloromethane no addition
3 50 20 chloroform 5 (adjusted by acetic acid)
Mean square 5.12x10% 2.13x108 4.32x107 1.24x10"
F 2.48 1.08 0.21 874.2
Significance no influence no influence no influence highly significant
7 0.8
] ] 6.844
6
5 7 0.6 ]
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= 44 i~ 1
E Z 044
z 7 5 ]
1 = |
2 E 0.2 |
14 |
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Temperature / 'C t/ min

E 3 FAENZ=-EHEMENRE CICN £74£74
IEERM N (n=3)
Fig. 3 Effect of different temperatures for HS-SPME
on the peak area of derivative of CICN (n=3)
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500 pL 10 mg/L CICN/ 2= & /K i R H [ AH
TR B T RE S i 2 S AR 3B, BAR 6
PR BRI ] S5 A HLAR B AR (LI 4) 4 6. 844 min,
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SAEEAN
25 fTEFYNEERFERBARNSHT
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HE— X TR T HR A R 1 T A 7 U5 8 It
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LB S P AR ) T R RN L e B i i 7, ER
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Fig. 4 Chromatogram of derivative of CICN at
10 mg/L in the water matrix
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Fig. 5 Mass spectra with fragment ions of m/z 57 as the precursor ions under different collision energies
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Fig. 6 MS fragmentation route of butyl thiocyanate

CH

KF I AR JR A CICN A GC-MS/SRM ( ik
$E SO W) Ty AR R AR 25
26 EEFHERNERE

SR FH N AR 1A 7 0 R M08 3 B S 56 iy Ak B
e R BARR25 % 3 il ) 2 B AN HET , 38 BB AK
PRI R U IR AR A S AR P i TR, A
WFFEAE SIS A AR VF B LT, SR AR I 6 4 L
FHH CICN #4728 fit 43 B, DA AR AT B 4 1) o8 ot 1fE
Tz .

SEPS I T A B I A AR 1, AR
f2, B iR ai AR il 2 T 3K, [R) Ao S 7 3 At ik
SRS S TR AEE AN B, TEAR
ST A i 2 o i 45 14 T, S TR Rk i ok 1) O P
FFIA] (8. 050 min) 5 HARY LT (7. 468 min) , A 4
HEIERBNE ST Ao B R, MR RR S N 3 AR R
WERPI AT A WA CICN [ 5 =487 .

AKAH R A T 0025 - AR 3R B 77 0% CICN
TR F= A T 8 4 AN SR AE AR S I A AR, #E T
2 HRGE R N FRYI 2 5 CICN A4 P2 7 [ A 1
AEIET Y - R A 5 A PRI B, AT 532 i A 000 52 B

DL A R B . DRI KA Y CICN R
MR E R
2.7 FHEEEE
271 SLMEE,BERMEER

A3 HIER 4] 10~2 000 wg/L CICN/ F Hbmife TAE
VW% 10~1200 pg/L CICN/ 25 F/KFR1E TAE
W MCUARE 1.2 350 1. 3 35 HE T A FI 2

TEA AUAH Ak £ 5 8 3 B B O AR, DA
CICN A9 BT vk B i AL A% (2, pg/L) (CICN Rk
TR AR I T AL 2 A AR R (y, ) AT Ltk
UG, XFFKAHF CICN B , L CICN 1 i vk
JENREARAR (2, pwg/L), CICN fif Ak 7= 4 i i FHL >
WPALKR (y, ) FATLMEAS

DA 1N 8 3 s TR A (BRI B A 3 6 Y
WS A R 7RG B (LOD ) |, LR 7 PRl B A1 o5
(R BE AR 7 1 1 E B IR (LOQ) o A HLAH S 7K AH
H1 CICN [t 7 it A6 H BRI BB A SR L35 2,

®2 TRERS CICN WEMTEE &LitFE EAXRY

(R?) MR HRREER
Table 2 Linear ranges, linear equations, correlation
coefficients (R?), LODs and LOQs of CICN
in the different matrices

Linear

LOD, L
Matrix  range/ Linear equation R? oD/ LOQ/
(ng/L) (ng/L)
(pg/L)
Organic 20-2000 ¥, =2.47812-1.0415 0.9972 15 20
Water  20-1200 ¥, =2.5893x+0.8397 0.9902 17 20

Y, : peak area ratio of derivatives of CICN to IS; y,: peak

area; x: mass concentration, pg/L.
272 JwAREWRE 58 %
DA FF 2 BOR R SRe R ARE (2288 Tk Tl 1
Kok R FE B HE IR, 4 B ] 3 A KT
CION ST T I AT, 55K P45
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FE 6 (IR 3), LR, £ 2K CION [ idr
(ISR Hy 87. 3% ~98. 8%, RSD A 2. 1% ~4. 7% ; {EA
[F] B KRR L T REAS H CICN A b [ e 0y 97. 6%
~102.2%, RSD 4 2.8% ~4.2% ., FHAR T ENT
FE PR S PR T

* 3 AEERF CICN KmtrEEMEITIRERE (n=6)

Table 3 Spiked recoveries and RSDs of CICN
in the different matrices (n=6)

Matrix Spiked level/( ng/L) Recovery/% RSD/%
Toluene 40 98.8 4.7
900 93.4 33
1800 87.3 2.1
Deionized water 100 98.2 3.2
500 97.6 3.1
1000 98.9 2.8
River water 100 102.2 3.3
500 100.4 4.2
1000 100.2 3.2
Tap water 100 98.5 2.8
500 98.3 3.4
1000 99.8 3.5
Drinking water 100 101.3 3.1
500 100.3 3.2
1000 101.4 2.9

e R AR R Be e X Hinfb & Wik & —M:
MY, 75 PEEN A% T4 AT RE XS AT AR S it B A1 B
PR R L AN B RN B R A AE TS T
JA CICN/ & 8 F/K bt TARE W, B i a2 A
FEFIARAE S (THEE TS5 CICN Fe & 144 500
pg/L) 5 LA 7K Sy 2 o e i LAk M L R A L i
FRENTR B VAT (AR BE YR 500 pg/L) WM EE T
G EEFRIENERZ A, RE [ R
FEah FETTZS O 28 A e T o0 AT, S5 SR ER
W1,Cl" ,SO7 \B,O5 X 4if A= I W TG el , Uk 5% %
A BE X CICN HAT R L I ik,

2.8 EERIEFMINE

AR RS I AR AR 2L (OPCW ) 45 5 5%
K%, 55 OPCW 55 33 K- %3k a9 Be A it 72
B 33 WOK S 25 A HIUEE & (RR L L3R
IECBE AR5 333) , il A CICN FrifE TR,
i AR R R 9 1000 wg/Li( BEEGZ e 1Y 5
K& OPCW ZKF- %3k rh B H An ik & 9 f IR in
FHO 1000 wg/L) , BUZAES 1.0 mL, AR ¥ B
ST EE DN E AR S R CNCL & &, 45 58 982. 3
ng/L,RSD 24 1.13% (n=3) ., KPR A LK
ST 7V REAE A 800 28 AN AR 55 BR A i CNCI

A

3 #ig

ABFFERENL T AT AR -SORE (- B I
FACTRITTIE IR ™ W i T 2 L AT
THRIE, FA R R REAS , 23 il i AT AR
LT 5 - T A (ol 2 B0 7 AR AT TR o A
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