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TOM TAT

Sulfur mustard (SM) la mot tac nhan chién tranh héa hoc gdy loét da. N6 la mot hop chat gay
déc té bao thuéc nhém tac nhén alkyl héa. Cdac phuong phap truyén thong dé phat hién chat déc
SM duya trén phan vng hién mau thuong ton thoi gian va dp nhay thap. Bai bdo nay trinh nay
phirong phédp méi dé phat hién SM trong méi truong nuoc. O diéu kién t6i wu da thiét lip, SM
dwgc phat hién voi gioi han phat hién (LOD) thap, o khoang 150 ppb. Két qua dinh lwong voi su
tro gitp ciia thiét bi UV - VIS cho thay, sw tuyén tinh dién ra trong ddi nong do 150 ppb dén
5000 ppb véi hé s6 twong quan tot (R? = 0,9994). Phirong phdp nay cé thé phat trién dé ché tao
bé kit itng dung phat hién nhanh chat déc loét da trong qudn sw tai hién trueong.

Tir khéa: Mustard luu huynh; TAc nhan hoa hoc loai loét da; Alkyl hda; Sy2.
1. MO PAU

Sulfur mustard (SM) 1a cac chat dién hinh thudc nhém chat doc loét da [1] va di duogc sir
dung trén quy md 16n trong Chién tranh thé gi6i thir nhat va trong cudc xung dot Iraq - Iran nim
1983 - 1988 [2]. Chét doc SM c6 ddc tinh cao, voi lidu 0,15 mg/L gy tir vong trong 10 phut sau
phoi nhidm va véi liéu 0,07 mg/L 1a 30 phat, néi chung & liéu 0,07 mg/L di c6 thé gy tir vong
cho nguoi trong 30 phut, do d6, SM doc hon 5 1an so v&i phosgene va 10 1an ddi vai chlorine [3].
Chat doc nay gy nhiém doc thuc pham, nude ubng va cac ngudn cung cap khac 1a rat kho dé xu
ly. Pa c6 mot s6 bo kit phat hién chat doc SM trong nudc nhu b kit M272 Water co thé phat
hién duoc chit doc trong nudc voi d nhay 2,0 ppm [4]; bo kit ciia Alison B. va cong su st dung
tac nhan 4 - (4 - nitrobenzyl)pyridine (NBP) va mot sé hop chat nhu thity ngan cyanide, kim loai
nhém I va II dang perchlorate, c6 kha ning phat hién chat doc voi gidi han phat hién téi uu dat
dugc ¢6 5 ppm [5]. Tuy nhién, theo quy dinh cta quan ddi cac nudc trén thé gidi, néu luong
nugc ubng sir dung trung binh d6i v&i mot ngudi linh trén chién truong 1a 2L/ngay thi ndng do
t6i da cho phép cua SM 1a 350 ppb [6], do d6, cac bo kit dd ché tao c6 dd nhay khong dam bao
dé phat hién ngudn nudc nghi nhiém. Mit khac, cac bo kit ndy cho san pham mau sic kém on
dinh, nhanh chong bi mat mau ciing nhu chiu anh hudng 16n boi ndong do base. Bai bao nay trinh
nay phuong phap phat hién SM trong nudc sir dung thude thir NBP va kali carbonate nhu 1a base,
lam giau san pham mang mau boi dung méi toluene. LODs cua phan tmg dat duoc 1a 150 ppb
(quan sat bang mat thuong).

2. THU'C NGHIEM
2.1. Héa chit, thiét bj

Hoa chat: 4 - (4 - nitrobenzyl)pyridine (NBP) (98%, Acros), acetone (99,5%, Sigma);
acetonitrile (99,9%, Merck); SM (1000 ppm, Viét Nam); DMSO (99,7%, Sigma); DMF (99,8%,
Fischer); NaOH (99 - 100%, Merck); toluene (99,9%, Merck); triethylamine (TEA) (99,5%,
Sigma); 1,4 - diazabicyclo[2,2,2]octane (DABCO) (99,0%, Sigma); kali carbonate (99,0%,
Sigma); natri chloride (99,5%, Merck); nu6c cit mot 1an (VN).

Thiét bi: Can phén tich dién tir Mettler hing Toledo (Thuy S¥), d6 chinh xac + 0,1 mg; May
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quang pho tir ngoai kha kién UV - VIS Agilent - 8453, dai do 190 - 900 nm (MJ); Bé rua siéu
am Elma S100H (Dtrc); Tu say, HN101 - 2, d6 chinh xé4c +1 °C (Trung Quoc).
2.2. Phuwong phap nghién ciru
2.2.1. Phwong phdp chuan bi mau thir va thuéc thir

Phuong phap chuan bj thuéc thir NBP trong acetone/DMSO/DMF/acetonitrile: Can chinh xac
lugng thuoc tha NBP can thiét ) réi‘ chuyén vao ’birrlh dinh muc 100 ) mL, thém
acetone/DMSO/DMF/acetonitrile roi lac déu dé hoa tan chat ran. Thém dung méi dén vach mirc
thu dugc dung dich NBP c6 nong d6 thich hop dé thur nghiém.

Chuén bj dung dich mustard luu huynh: Dung dich gbc 1000 ppm trong acetone dugc pha tiép
thanh dung dich c6 nong do 100 ppm sau d6 pha thanh day dung dich ¢6 nong d6 thap hon, sau
khi x4c dinh duoc gii han phat hién, pha diy ndng d6 dé xay dung dudng chuan.

2.2.2. Phuong phdp phat hién chdt déc SM
Mo hinh thir nghiém phat hién chit doc SM trong nudc dugc thé hién trong bang 1.
Bing 1. Thiét ké mé hinh thir nghiém phat hién chat déc SM trong nuée.

TT | Dung mbi Base | Nhiét dd (°C) | Thoi gian (phut) | Dai nong dd thir nghiém

TEA | 25vaso” 207 150 ppb - 5 ppm™™
DABCO | 25va 80" 20 150 ppb - 5 ppm¢™
1 Acetone — e s
K,CO; | 25vago” 20 150 ppb - 5 ppm¢™
NaOH | 25va80® 20 150 ppb - 5 ppm¢™
TEA 25 va 80" 20 150 ppb - 5 ppm¢™
DABCO | 25va 80" 20 150 ppb - 5 ppm™
2 DMSO — e e
K,CO; | 25vago” 20 150 ppb - 5 ppm¢™
NaOH | 25va80® 20 150 ppb - 5 ppm¢™
TEA 25 va 80" 20 150 ppb - 5 ppm¢™
3 OME DABCO | 25va 80" 20 150 ppb - 5 ppm¢™
K,CO; | 25vago” 20 150 ppb - 5 ppm¢™
NaOH | 25va80® 20 150 ppb - 5 ppm¢™
TEA 25 va 80" 20 150 ppb - 5 ppm¢™
_ . | DABCO | 25vas8o"” 20 150 ppb - 5 ppm¢™
4 | Acetonitrile NPT - ——r
K,CO; | 25vago” 20 150 ppb - 5 ppm¢™
NaOH | 25va80® 20 150 ppb - 5 ppm¢™

“Nhiét ké cam & phan nude cach thity bén ngodi binh phan vmg

Ghi cha “Thoi gian phdn iing, khong tinh thoi gian bo sung base
"Dai nong dé thir nghiém dé tim LODs

3. KET QUA VA THAO LUAN
Co s cua phuong phap: Thudc thir NBP chita nguyén tir nito dong vai tro nhu mot
nucleophile, khi twong tac voi tdc nhan SM phan Umg s& xay ra theo co ché Sy2. Sau khi xu 1y
v0i base s€ hinh thanh cac dang tautomer hoa va cudi cung tao thanh hop chat ¢6 mau dé quan
sat bang mat thuong.
Co ché phan g hién mau dién ra nhu sau:
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Hinh 1. Co ché phan img tao mau cia thuéc thir NBP.

Trén co so tham khao céc tai liéu, co hgli diéu kién nhiét d6 duoc thfr nghiém 13 ¢ 25 °C va &
80 °C trong thoi gian 20 phut, st dung thudc thir NBP pha trong mot s6 dung moi & bang 1.

3.1. Phuwong phép phat hién sir dung thudc thir NBP pha trong dung méi acetone

O nhiét d6 80 °C, NBP 5% pha trong dung mdi acetone dugc chuyén vao binh cau 3 cé dung
tich 100 mL C(:) sinh han, nhiét ké ruou O - ;I.OO °C. Bo sung tht::m 2 mL dung dich chtra chat phﬁp
tich SM véi nong d6 20 ppm. Gia nhiét két hop voi khuay hon hop ¢ 80 °C trong 20 phat. Két
thiic phan ng, lam mat vé nhiét d6 phong, bo sung thém cac base (TEAR DABCO, K,COs,
NaOH) cung v6i 150 pL dung moéi toluene. Dung dich doi chimg duogc chuan bi theo quy trinh
trén nhung thay thé toan b¢ thé tich dung dich chira chat phan tich bang nudc cat. Theo doi mau
sac, két qua cho thay thu dugc nhu sau:

- V6i phan tng st dung TEA, mﬁu blank ¢6 mau vang rat nhat, mau thir 6 mau vang dam.
Tuy nhién, tiép tuc thir nghiém voi ndng do thap (350 ppb) cho thiy, khong c6 sy khac biét gitra
mau blank véi miu thir. Cac thir nghiém ¢ ndng do cao hon lai cho mau sic thay ddi (22 ppm,
mau hong nhat; 28 ppm, mau hong d6). Do d6, phuong phéap nay 1a khong thich hop.

- Str dung base NaOH cho mau blank c6 mau vang nhat, méu thir ndng d6 20 ppm cho mau
nau. Nong do thap hon (350 ppb) khong khac biét mau blank.

- Str dung DABCO, khong c6 su khac biét giita blank va mau thir.

- St dung K,CQOg, mzflu blank c6 mau vang nhat, mau thir c6 su thay d6i mau sic nhung khong
o rang. Thir nghiém 6 nong do cao hon (50 ppm) cling cho mau sac dam hon khéng dang ké.

Viée tang nong do ciia NBP 1én 10% ciing khong thay d6i mau sic ctua mau thi, vi vay, véi

c4c mau tién hanh trong dung moi acetone, s dung base TEA, NaOH, DABCO va K,CO; cho
két qua khong kha thi. Tién hanh twong tu & nhiét do 25 °C ciing cho két qua tuong tu.

3.2. Phuong phip phat hién sir dung thudc thir NBP pha trong dung méi DMF va DMSO
Céc diéu kién thir nghiém duoc tién hanh twong ty nhu déi v6i dung moi acetone. Cac két qua
duogc the hién trong bang 2.
Bing 2. Két qud nghién civu trong dung méi DMSO va DMF.

N Nhiét @9 | Thoigian | Noéng do A
Dung moi Base °C) (Phat) thir nghiém Keét qua
Khoéng phan biét dugc mau
TEA 80 20 1,0 ppm sic mau blank va mau thu
DMSO | DABCO 80 20 1,0ppm | Khong phan bict duge mau
sac mau blank va mau thur
Khoéng phan biét duwgc mau
K2COs 80 20 1,0 ppm sic mau blank va mau tht
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Mau blank mau hong tim,
mau thir mau tim den (tiép
tuc thur nghiém dai néng do
cho théy, khong tuyén tinh)
Khoéng phan biét dugc mau
sic mau blank va mau thi
Khoéng phéan biét dugc mau
sic mau blank va mau thir
Khoéng phan biét dugc mau
sic mau blank va mau thu
Mau blank méau hong tim,
mau thir mau tim den (tiép
tuc thir nghiém dai nong do
cho théy, khong tuyén tinh)

Két qua bang 2 cho thay, phuong phap phat hién SM trong dung méi DMF va DMSO cho
két qua khong dap ung yéu cau.

3.3. Phén tich sir dung dung méi acetonitrile

Trén co sé cac tai liéu tham khao dé thu thap dugc va nhitng két qua nghién ctru dd khao sat &
trén, chiing t61 nhan thay, viéc tién hanh phan tmg & 80 °C néu cho mau sic thi thir nghiém & 25 °C
cling cho mau sac tuong tu, nghia la nhi¢t d6 thtr nghiém thyec té it chiu anh hudng cia nhiét do,
do d6, chung t6i tién hanh thir nghiém & nhiét do 25 °C.

NaOH 80 20 1,0 ppm

TEA 80 20 1,0 ppm

DABCO 80 20 1,0 ppm

DMF K,CO3 80 20 1,0 ppm

NaOH 80 20 1,0 ppm

Pdi voi base TEA, mau sic ciia mau blank 13 vang nhat, cac m%u thir cé’méu héng tim tuy
nhién chi tuyén tinh & ving 20 - 28 ppm va khong hién mau ¢ vung nong do thap cd vai tram ppb.

Dbi vai truong hop str dung K,COs, mau blank khéng mau, miu thir ¢6 sy thay doi mau sic
(mau tim hong) va tuyén tinh & dai 150 ppb dén 50 ppm. bay la phuong phap nhom dé tai lya
chon duoc dé ché tao test phat hién. Quy trinh chuan bi cu thé nhu sau:

- Chuan bi 2 éng nghiém thuy tinh c¢6 kich thudc (12 x 100) mm. Ong nghiém tht nhét dugc
b6 sung 1 mL dung dich NBP 5 mg/mL, thém 3 mL mau chira chat phan tich, lic déu va dé yén
20 phut phan Gng. Ong nghiém thir hai dugc bo sung K2C03, NaCl va 150 pL dung mdi toluene.

- Sau 20 phut, 6ng nghiém thi nhét dugc chuyen vao ong thi hai, lic manh dén khi phan 16p.
Thuyec hién tuong ty véi mau blank nhung mau chat phan tich dugc thay thé bing nudc ct.

Két qua cho thdy, mau sic xuét hién ngay 1ap tirc, bén mau va tuyén tinh. Tién hanh tiép tuc
véi mau mo phong mustard luu huynh va mau mustard luu huynh cho két qua tuong ty. Nhu vy,
phuong phap sir dung dung mdi acetonitrile, base K,COs, lam giau mau bang toluene cho két qua
t6t nhat. Viéc str dung NBP v6i ndng do 16n hon ciing khong gitip cho mau sic ¢am hon rd rét.

Duéi day 1a hinh anh thur nghiém:

Hinh 2. Mau sdc cia mau blank va mau >H‘|nh 3. Mau sdc ciia mau chira chat phan tich ¢ dai
chat phan tich nong do 150 ppb. nong do 150 ppb, 350 ppb, 1 ppm,
5 ppm, 10 ppm, 20 ppm va 50 ppm.
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Hinh 4. Hinh anh mau blank va mdu thir  Hinh 5. Hinh anh méu blank va mdu thit & ddi nong
150 ppb khi chuyén vao cuvette thuy tinh.  dé 150 ppb, 350 ppb, 750 ppb, 1 ppm, 2 ppm, 5 ppm.

Khi st dung base DABCO, mau séc xuit hién tuong tu nhu dbi véi K,COs, tuy nhién, mau
sic khong rd rang nhu khi sir dung K,COs.

Tir nhitng két qua thu dugce dbi v6i dung moi acetonitrile, base K,COs, tién hanh xay dung
duong chuan st dung thiét bi UV - Vis Agilent - 8453, dai do 190 - 900 nm. Cac miu dugc
chuan bi voi dai nong d6 150 ppb, 350 ppb, 750 ppb, 1 ppm, 2 ppm va 5 ppm. Lép toluene phia
trén dwoc chuyén ra cuvette thuy tinh c6 chidu dai quang 10 mm d do UV tai bu6c séng 560
nm. Két qua xdy dung duong chudn thé hién trong hinh 6.

Do thi biéu dién sy anh hudng ciia nong do téi
do hap thu quang
- 0.7
Z 06 y = 0.0001x + 0.0459
,:_)t 05 R?=0.9994
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T
=03
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Hinh 6. Két qud xdy dung dwong chudn xdc dinh mustard heu hupnh.
4. KET LUAN

SM trong nudc dd duoc phat hién bang phwong phap st dung thudc thir NBP 5 mg/mL
(acetonitrile) va base 1a K,COs. Mau séc cia dung dich dwoc quan sat dé dang bang cach chiét
1én 16p toluene. Gidi han phat hién cta phan tmg 1a 150 ppb. Puong chuan xac dinh duoc lay =
0,0001x + 0,0459 véi R? = 0,9994. Mau sic cua 16p dung méi chita chét nghi nhiém bén mau
trong t6i thiéu 30 phit (miu ndng d6 < 1 ppm) va khoang 2 gid véi mau > 1 ppm.

Loi cam on: Nhom tac gia cam on sy tai tro kinh phi ciia dé tai cap Vién KH - CN qudn sw “Nghién
curu cdi tien bo phwong tién phan tich...” nam 2022.
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ABSTRACT

Method of rapid detection sulfur mustard in water
using 4 - (4 - nitrobenzyl)pyridine as reagent

Sulfur mustard (SM) is a vesicant chemical warfare agent. It is a cytotoxic and alkylating
compound. Conventional methods of detection of chemical weapons based on chromogenic
reactions are waste of time and low sensitivity. This paper presents new method to detect SM
in aqueous environment. In the optimal conditions, SM was detected with low limit of
detection (LOD), at about 150 ppb. Quantitative results with the help of UV - VIS equipment
show that the linear response in the ranges of 150 - 5000 ppb with R* = 0,9994. This method
can be used to develop tests for detection of vesicant agent in the field.

Keywords: Sulfur mustard; Vesicant chemical warfare agent; Alkylating; Sy2.
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