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1.1 RFENEE

B BACEN : AR, [ = 24 42 AT B2 ) 5 B IR R
98% , 1 77 e MRAE AL B e 0y A PR A W) 5 1R ek £ e
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RS A VKBS R - AR, 1 o) AL 2= B R R A W) 5 8
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A H At Ak 238500 35 S 43 B sl R G, VW 25 8 oK
TE 1, B TRk 22 whvA MR (PBS) B — AN SR |
IR
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0.071 cm®) FIHL A £k , 5 V5 RS B B0 A BR A vl 5 43
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PR, b R SR A R A 5 SX811-MS i it pH 1T,
v = AR B g B A RS T 5 S-4800 H# HL -
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1.2 LI E
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H &

LA TET00 22 5 B il B B 7 Sy Je A4, S Aa an il 1,
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RS IR | i e L 5 1 1 S R i a1
Ab e
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Fig.1 TE100 screen printed electrode structure
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A3 B R vk R AN, N R R B (DMEF) o7
PRI, VB PR B 2 mg R 3 Ak 22 BE Bl A0 K A8, 43 i m A
T mLKEERR S 1 mL DMF, LA 100 W M 75 %78 Ve 4%
M R 20 min, 15 2 B AL B 1 . R A K
2 wL A& 43 0 vk B 275 1k SPERY T/EfLMR |, A
SRT 42 he 2 F MWCNTs-COOH/SPE H, 1% 3 £ il
HE

1.2.2 MWCNTs-COOH/SPE F & B 88 R 1
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MWCNTs-COOH & #fii il A A& Ui () SPE AT RAE , 5%
PR g R 5 KV, & BT HL 6300 nA.

PERERAE : R G IR R 2235 (CV) R0 22 43 Bk i 4R
P (DPV) X o AL S 2 1 PR BB UE AT R AE , Hop CV
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40 mV-s™ HH 4 B, 25 AL ] B BN s DPV L &
LA YE R A B 0~1.2 Vo
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T
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AH R A BHE 1 B 8 4 22 I BRI B A 6 1 mmol- L™ N,k
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AN TR Ve B N D A R S A S R A D
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1.3 EBRBHNAEN
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b. MWCNTs-COOH modified SPE
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Fig.3 Scanning electron micrographs of SPEs
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100

— MWCNTs-COOH/glacial acetic acid modified SPE to defect N,
— unmodified SPE detects N,

| — MWCNTs-COOH/DMF modification of SPE to detect N,
—detection of the absence of N, in the solution
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Fig.4 Characterization of the performance of different screen-

printed electrodes
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Fig.5 Effect of different scan rates on the oxidation current
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Fig.6 Scan rate versus oxidation peak current
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Fig.7 Effect of pH on oxidation current
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BTWE C R R IAE SR WK 9 PR Sdk
FREAAX(T):,
I, =0.01283C + 4.8119 (1)
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Fig.9 Oxidation peak current versus concentration fit
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Fig. 10 Reproducibility of MWCNTs-COOH/SPE oxidation
peak currents
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Fig.11 Stability of MWCNTs-COOH/SPE oxidation peak cur-
rents
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Fig.12 Selectivity of MWCNTs-COOH/SPE
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AN AT BB A R K R KB KL A
Na,HPO, 1 NaH,PO, # 75 JIK W pH, 7 5l & fn 1T
80 wmol L™ A1 600 wmol-L™" 2 Fliif BE N, A BEAG
b, TR NGTIIOCR IR 1 TR o A RS ) IR R AR
98.3% B 101% Z [8], 1 T HL A B i) J B[] — 4
) AP X A 7 A 2 1108 45 R AR 10% DA, 3R B2 A% IR 4%
A A2 A T 9 ) B RO LM R A

F£1 MWCNTs-COOH/SPE £ 3 #% [m] g Z ) 3,

Table 1 MWCNTs-COOH/SPE Sensor Recovery Testing
sample add / pmol-L™" found / pmol-L™" recovery / %
80 78.65 98.3
piped water
600 610 101
80 79.82 99.7
deionized water
600 604.29 100.7

2.5 ELZENWHN,SE

4 Fp A ] BT 9 NaN, & B HN, S, A 30 min
MRS BT mLAE S, B 0.1 mol - L7 B iR 7 Vi IR
W pH E 7.5, & B A HN, AR B . B 3 41K [ B
NSRSl AN ST NI (i 2 g o
HN A= i an & 13 firos o

sk " 32.5mg NaN,
® 97.5mg NaN,
4 130 mg NaN,

-
o
T

1 1 | 1 1
0 100 200 300 400 500 600
time / min

B 13 I AS [F) 5 i NaN, 75 AS [F] i [0] 7 A HING 0 9 B 2 2%
it I i 48145 2%

Fig.13
different masses of NaN, at different times and fitting curves

Detection of the concentration of HN, produced by

for each detection time

P13 Bl s, B 25 O ] Bl NaN, 7 i g
I g, iR 2= B EURE NaN, J 2 i ,U%EE

B Rg— R (2) LR R KT 0.99, 55
AR S H R 2 R,

A
Chu=A-——— (2)

Ao, Gl ATEBRA AR, g - m ™5 t o SCBE I ], mins A
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R 2 R[FBE NaN, SRE I A A6 I HING vk 32 5 5 R 1] ) 40
G EE 2T
Table 2 Parameters of the fitted curves of HN, concentra-

tion versus reaction time for the detection of the reaction pro-

cess with different contents of NaN,

mass of NaN, /mg A 6
32.5 10.75 63.25
97.5 32.25 137.86
130 43 154.8

Note: A is 1/10th of the ideal concentration of HN, gas produced by NaN,,

{, is a parameter that varies with raw material content.

i NaN, Az B HNG SR BRAR IR B2 (9 1/10 5 ¢, ok B R
R A AE 2
PRI, S [] 5 e NaN, 76 S 5] B 8] A2 B HING S
e B AR a3 (3)

43N, 1

HN

t
1+

132.57 /N - 29.23

NaN,

(3)
A, C 0 B AL TE RS — B 20 A LAY HN SR
E,g'm‘3;NNaN A NaN, JFUBLEE /R 20, mmol; Vo IR IR
WA, Ls e SIS E], ming
7% & AR F R A ST A8 I U
WL T 10% HNL SR, B AE kil 65 mg NaN,
TEAS [R) B8] A 1 HN W B2 5040 96 30F 7 72 (3) /Y AT AT
PR 3 R .

®3 WUCREIRE

Table 3 Verification of absorption coefficient

detection value predicted value

time / min J /gom™ recovery / %
60 56.0 54.2 96.8

120 124.5 123.5 99.2

180 163.7 161.7 98.8

240 182.4 181.4 99.5

38 3 T B S B AS I [ R 96.8%~99.5% , 1 iE
O3 (3) M TE FAME 76 L S50 45 0 1, Tl B A 9k T8 Wi A=
AR 1 10%. R, A 5635 e 25 14 4G il

HN, iR g an A= (4)
CHNZ =33.56/,, — 161.47 (4)
N XK 2025 4% $ 334K H24 (148-155)
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P ERAR R I HN, 2 BT Y o AT DL S B 45 52 NaN, &2
IO i sf ) A8 7= A B AS TR R B HING SR A T, O I
S AH S 5 29 Sl

3 & it

(1) Lh¥2 Ak 22 BE filk 99 oK 48 5 DK I 1R 21 B A% i
W, B S RUR i o Ao DN F A% R AR L 7E pH 7.5 AR R
R RICRE I NG, LA R A AR R R R T ot
o A RS BA R E M Rk R
PE R IR, Jl g H AR A B i vh 22 4 Bk i AR e BT E
5%X107°~1x107 mol-L™" N, ¥ B yis Bl py A6, 2 37 S Ak
W L3 5 VR BE I G R T ., = 0.01283C + 4.8119,
KeM B> 10.4 pmol- L7,

(2) 38 5o 7F 2 4 T 28 60 R AR Wk B, & B A A T
B S 9 2 AR L & AU B S R A R S 0 A B AR
SR I 8] BE B RS A B B N Y 3G g
K, Bl W AT T W I R 10% , 45 BIAS TR] NaN, J5 R}
B AR S [ I A] R AR B HING ASOMR e B T O AR N
Cu, =(43N V)T =1/ [1+(T/(132.57N,,, "*=29.23)) ]},
ZIT R IR R 96.8%~99.5%

) FEVL SR 5T &5 T & B HN, R 1 bR
el C,, = 33.561,, — 161.47,

2% 30k
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tion of lead azide initiator and its modification by microfluidic

Detection of Hydrazoic Acid Gas by Carboxylated Multi-walled Carbon Nanotube Modified Screen Printed
Electrode

LIN Jun-chi', BA Shu-hong', HAN Ji-min*, YANG Li*”

(1. Equipment Engineering College of Shenyang ligong University, Shenyang 110159, China; 2. State Key Laboratory of Explosion Science and Safety
Protection, Beijing Institute of Technology, Beijing 100081, China; 3. Beijing Institute of Technology Chongqing Innovation Center, Chongqing 401120,
China)

Abstract: For the fast and easy detection of hydrazoic acid gas, an electrosensor for in-situ detection of hydrazoic acid was pre-
pared based on the principle of electrochemical analysis using a screen-printed electrode as a substrate and modified with car-
boxylated multi-walled carbon nanotubes. The electrochemical detection of hydrazoic acid was constructed by optimizing the
solvent of the modification solution, the pH value of the detection solution, and the scan rate. The morphology and performance
were characterized. The results show that the in-situ detection electrosensor for hydrazoic acid was prepared as a microelectrode
with carboxylated multi-walled carbon nanotubes/glacial acetic acid modification solution, and its response current is about
121% higher than that of the unmodified electrode. The detection sensitivity is high at the solution pH 7.5. The square root of the
scan rate is linearly related to the oxidation peak current, and the electrochemical oxidation of N, is a diffusion-controlled pro-
cess with good selectivity, stability, and reproducibility. The detection limit of N,” was 10.4 pmol-L™" in the concentration range
of 5X107°=1x107 mol-L™" N, using the differential pulse voltammetry method. The prediction equations for the concentration of
HN, gas produced by different NaN, feedstock contents at different times were derived from the online detection of the actual
synthesis of HN, gas, and the recoveries of HN, are 96.8%-99.5%. In addition, the relationship between the concentration of
synthesis HN, gas and the response current has been established.

Key words: hydrazoic gas (HN,) ;functionalized screen-printed electrodes;electrochemical methods;detection
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