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SUMMARY

SIMULTANEOUS DETERMINATION OF INDICATORS IN PAPER MILITARY
AGENT DETECTION BY SPECTROPHOTOMETRY

The simplest method, rapid, sensitive and accurate has been developed to determine the

indicators (red E, acid-base EDA and yellow A2) in paper military agent detection by

spectrophotometry. The optimal solvent for the determination were: chloroform, chloroform

in 5% ethanolamine and dimethylformamide in 0.5% Na,CO; with molar absorptivities of
5.40 x 10° L mol " em™" at 556 nm, 1.28.10° L mol ' ecm™" at 664 nm and 3.11x10° L mol '
cm™" at 394nm for red E, acid-base EDA and yellow A2, respectively. Beer’s law was obeyed
in the concentration range of 2.10°-3.107, 10° -.10° and 5.10° - 6.10° mol/l (correlation
coefficients > 0.9991) with limit of detection (LOD) and the limit of quantitation (LOQ) of
0.28 and 0.92 ppm, 0.15 and 0.50 ppm and 0.44 and 1.5 ppm for yellow A2, red E, acid-base
EDA, respectively. The method was applied to quantify the indicators in the form of paper

military agen detection CALID-3(Czech Republic) and homemade.

Keywords. Paper military agen detection, 3 way detector paper, spectrophotometry.

1. MO PAU

Hién nay, kha nang sir dung chit doc hoa
hoc trong cac cudc chién tranh, xung dot va
cac vu khing bd van c6 thé xay ra. Dé phat
hién nhanh chét doc hoa hoc, cac nude trén
thé gi¢i da tim nhidu giai phap nhu sir dung

gidy chi thi phat hién nhanh chat doc, ong
trinh doc va cac thiét bi hoa Iy... [1]. K§
thut phd thong, don gian va truc quan nht
1a st dung gidy chi thi chit doc. Gidy chi
thi chét doc co cAu tao don gian, gon nhe,
dé sir dung. Mau giéy chi thi chat doc duoc
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dugc st dung phd bién nhit trén thé gidi
nhu CALID-3 (Séc), M8 (M), KXK — 2
(Nga), MK-II (Anh), T298 (Pai Loan),... la
gidy chi thi chit doc ba mau dung dé phat
hién chit doc dang 1ong nhém V, G va H
[2] X h

Nguyén ly phat hién chat doc cua gidy chi
thi ba mau 1a sy hoa tan c¢6 chon loc giira
cac hat thubc thir trong gidy voi chit doc.
Khi chit doc thdm 1én bé mit gidy né s&
hoa tan thudc thir trong gidy va cho mau
dac trung cho chit doc hay nhom chit doc
d6. Chit chi thi duoc st dung trong gidy
chi thi bao gdm chi thi mau do E dé phat
hién chit doc nhom H, chi thi vang A2 dé
phat hién chat d6c nhoém G va chét chi thi
axit bazo EDA dé phat hién chit doc nhom
V (chat doc nhém V ¢6 tinh bazo, pKa cia
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Ethyl Bis{2 4-dinitrophenyl)acetate

Vx vao khoang 8-9) [3-5]. Chit d6c nhom
H tuong tac véi chi thi d6 E cho gidy chi thi
chuyén mau d6, nhom G tuong tac voi chi
thi vang A2 chuyén mau vang, nhém V
tuwong tac voi chi thi vang A2 va chi thi axit
bazo EDA s€ cho mau xanh 14 cay.

Trong [6] di cong bd cac két qua nghién
ctru vé& quy trinh ché tao miu gidy chi thi
chit doc, danh gid mot sb tinh chat gidy chi
thi va kha ning phat hién chit doc cua gidy.
Trong cong trinh nay, ching toi cong bd
tiép cac két qua nghién ctru vé& xac dinh
ddng thoi cac chdt chi thi trong gidy
CALID-3 va tu ché tao bang phuong phap
tric quang 1am co sO quan trong cho viéc
dinh huéng ché tao gidy chi thi & trong
nudc.

Hinh 1: Cau triic hda hoc ciia chi thi dé E(1), axit bazo EDA(2) va vang A2 (3)

2. THUC NGHIEM

2.1. Héa chat

Céac loai hoa chit sir dung déu thudc loai
tinh khiét phén tich.

Chét chi thi axit bazo EDA: Ethyl Bis(2,4-
dinitrophenyl)acetate, do tinh khiét >98,5%
duoc cung cip tir hing TCI (Nhat). Chét chi
thi mau do E: 4,4'-[(phenylmethylen)bis[(2,5-
dimethyl-4,1-phenylen)azo]]bis[3-hydroxy-
N-phenylnaphthalen-2-carboxamid], chat chi
vang A2: disodium 5,5'-
[thiobis(phenyleneazo)] disalicylat, d§ tinh
khiét > 98,5% dugc cung cip tir hing
Anachemia (Canada). Dung moi: acetonitril,

thi  mau
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chloroform, methanol, dimethylformamid,
ethanolamin... dugc cung cip boi hing Merck
(Ptrc). NaCOs, NaOH, Alum c¢6 d¢ tinh
khiét > 98,5%, dwoc cung cdp boi hing
Xilong (Trung Qudc). Nude cit 2 lan thu
duoc tir hé thong cit nuéc Halminton (Anh).
Mau gidy chi thi chit doc quin su dang long
CALID-3 (Cong hoa Séc).

2.2. Thiét bj

M4y quang phd UV-VIS JASCO V-530
(Nhat). Dai quét tor 190-1100nm, cuvet
thach anh c6 bé day lem. Cén phan tich
dién tr Ohaus PA214 (Trung Qudc), do
chinh xac 10™g.



2.3. Chuin bi miu va xiy dwng dudng
chuén

2.3.1. Dung dich chudn goc va trung gian

Céc dung dich gbc cua cac chat chi thi do
E; EDA va A2 (10* mol/l) dugc chudn bj
bang cic dung méi twong Ung trong binh
dinh muirc 250ml.Cac dung dich nghién ctru
c6 ndng d6 nho hon dugc pha lodng tur
dung dich gbc.

Lay mét luong xac dinh dung dich gbc vao
cac binh dinh mirc 25 ml, ta c6 ddy dung
dich chét chuin cé n(‘Sng d6 khac nhau,
thém vao mot lwong xac dinh cac chét giy
can dudi nguong giy anh hudng, dinh mirc
bang dung méi thich hop dén vach. Dung
dich so sanh ciling duoc chuén bi tuong tu
nhu trén véi didu kién khong thém dung
dich chudn. Sau d6 tién hanh do do hap thu
quang cua cac dung dich nghién ciru tai
budc song toi vu. Puong chudn duge thiét
1ap cho ting déi twong nghién ctru.

2.3.2. Xur Iy mdu phan tich

Lay ngiu nhién 05 miu gidy chi thi, ¢t nho
thanh tung miéng Immx 1 mm, tron déu, can
moi mau khoang 0,25g. Sir dung cac dung
moi acetonitril, chloroform, methanol,
dimethylformamid, ethanolamin... & khao
sat kha nang hoa tan cac chit chi thi. Hé
dung moi tdi wu duoc lwa chon la
chloroform dé chiét chi thi d6 E va EDA,
dimethylformamid dé chiét chi thi vang
A2. Qua trinh chiét duoc tién hanh nhu sau:
sit dung dung méi tdi wu chiét tir 5-6 lan,
mdi 1an tir 15-20ml dén khi khong con mau
tach ra tir gidy chi thi. Chuyén cac phan dai
chiét vao binh dinh mirc, pha lodng bing
dung moi dén vach dinh mtic va dem do do
hip thu quang cua cac dung dich nghién
ctru tai bude song toi uu.

2.4. Phan tich thong ké
Két qua tinh toan gidi han phat hién (LOD)
va dinh luong (LOQ) cua phuong phap

duogc tinh theo E:T_ va _C:T_ tuong ung,

do6 léch chuin tuong d6i (RSD(%)) =

—.100. O day SD la d6 léch chun, b 1a

hé sb goc cua phuong trinh dwdng chuin, X
1a gi4 tri trung binh cua cac két qua do
dugc. Tinh toan va xtr 1y s lidu bang
chuong trinh Origin 6.0.
3. KET QUA VA BAN LUAN
3.1. Khio sat dung méi t8i wu va phd hép
thu electron ciia cac chit chi thi
Tién hanh khao sat kha ning hoa tan cic chit
chi thi bang cac dung méi khéng phan cuc va
phan cyc: chloroform, dichlomethan, benzen,
aceton,  ethylacetat,  dimethylformamid,
acetonitril... Sau d6, do phd hip thu electron
cua chét chi thi d6 E, axit-bazo EDA va vang
A, trong cac dung moéi khac nhau. Két qua
cho théy cac dung moi ti wu duoc lua chon
cho céc chat chi thi d6 E, axit-bazo EDA va
vang A2 la chloroform, chloroform trong
ethanolamin 5% va dimethylformamid trong
Na,CO; 0,5% tuong g,
Phd hép thu electron cua cac chét chi thi do
E, axit-bazo EDA, vang A2 va cac diéu kién
t6i wu duoc thé hién trén hinh 2 va bang 1:
Badng 1: Cdc diéu kién toi wu phé hap thy

electron cua cac chat chi thi

biéu kién . e
. Vang A, Chi thi d6 E| Xanh EDA
t01 uru
) ) Chloroform
Dimethylformamid
. trong
Dung m6i trong Na,CO; |Chloroform )
ethanolamin
0,5%
5%
P
© 394 556 664
(nm)
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Hinh 2: Phé hcfp thu electron cua chi thi do
E (1) trong cac dung moi: (1) — Chloroform,
(2) — Dichlomethan, (3) — Benzen; EDA
(1l) trong cac dung moi: (1)- Chloroform,
(2)- Dichlomethan, (3)-Aceton, (4)-
Acetonitril va (5)-Methanol voi 5%
ethanolamin; vang A, (Ill) trong cdc
dung moi: (1) - Dimetylformamid, (2)-
Aceton voi Na,COs 0,5%.

Tir bang 1 cho thdy, khoang cach giita cac
Aéiwu deu 16n hon 2 14n nira ban chiéu rong
cta van phd (80-100nm), tai Agw phd hip
thy electron ciia 3 chit chi thi khong chong
l4n 1én nhau. Nhu vay, ¢o thé tién hanh
dinh lugng timg chit phan tich ma khong
6 su can trd 1an nhau giita cac chét chi thi.
Vi vay, ching t6i lua chon dung moi chiét
va cac budc song nay cho cac nghién ciru
tiép theo.

3.2. Nghién cfru 4nh hwéng ciia chét gy cin
Dé nghién ctru anh hudng cac chit giy can
trong qué trinh phan tich chét chi thi trong
mau gidy CALID-3, chuén bi dung dich
chun chat chi thi 10°M sau d6 thém cac
chit giy can tr 10° — 8.10°M vao dung
dich chit chi thi, tién hanh do do hép thu
quang. Két qua nghién ctru dugc dua ra &
bang 2. Tur bang 2, trong khoang ndng do
d3 khao sat, alum c6 thé anh hudng dén két
qua phan tich chit chi thi vang A2 bit dau
tir ndng do 7.10°M véi sai s6 14 6,36%. Dbi
v6i chit chi thi d6 E trong dung moi
chloroform khi c6 mat cic chit Rosin va
chit chi thi EDA khéng gy can tré ddi véi
phép xac dinh. Nguoc lai, sy c6 mat cta chi
thi d6 E va Rosin bit ddu giy can phép
phan tich chi thi EDA tir ndng d6 7.10°M
twong Ung vai sai s6 1a 8,29%.

Bdng 2: Anh hudng ciia chat gdy can dén dg hdp thu quang cia chat chi thi vang A2,

d6 E va EDA.
Nong do

Vang A, 1.10°

Alum 0 1.10° | 2.10° | 3.10° | 4.10° | 5.10° | 6.10° | 7.10° | 8.10°

Miu(n) 394 394 394 394 394 394 394 394 394

Apax 0,3268 | 03284 |0,3278 | 0,3295 | 0,3312 | 0,3319 | 0,3417 | 0,3476 | 0,3534

Sai 56 (%) 0,49 0,3 083 | 1,34 | 1,56 | 445 | 636 8,13
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(Tiép theo bang 2)

Nong do
Do E 1.10°
EDA 0 1.10° | 2.10° | 3.10° | 4.10° | 5.10° | 6.10° | 7.10° | 8.107
Rosin 0 1.10° | 2.10° | 3.10° | 4.10° | 5.10° | 6.10° | 7.10° | 8.107
Mgiu (NN 556 556 556 556 556 556 556 556 556
Apax 0,5645 | 0,5628 | 0,5619 | 0,5637 | 0,5715 | 0,5735 | 0,5763 | 0,5722 | 0,5781
Sai 56 (%) 0,3 046 | 0,14 | 124 | 1,59 | 2,09 | 136 24
Nong do
EDA 1.10°
PoE 0 1.10° | 2.10° | 3.10° | 4.10° | 5.10° | 6.10° | 7.10° | 8.10°
Rosin 0 1.10° | 2.10° | 3.10° | 4.10° | 5.10° | 6.10° | 7.10° | 8.10°
Mg (NM) 664 664 664 664 664 664 664 664 664
Apax 0,1675 | 0,1683 | 0,1692 | 0,1705 | 0,1718 | 0,1736 | 0,1721 | 0,1814 | 0,1825
Sai s6 (%) 0,47 1,01 1,79 | 256 | 274 | 364 | 829 8,95

3.3. Panh gia phwong phap phén tich

Két qua khao sat khoang tuyén tinh,

phuong trinh dwong chuin, giéi han phat

hién (LOQ) va gidi han dinh lugng (LOQ)
ctia phuong phap va cac thong sd lién quan

duoc thé hién & bang 3:

Bdng 3: Phwong trinh dwong chudn va cdc tham sé dinh lwong ciia cdc chat chi thi

Tham s0 Vang A2 boE Axit-bazo EDA
Mg (1T 394 556 664
e (Lmol.cm™) 31058 54043 12807
Khodng tyén tinh 2.10°3.10° 10°2.10° 5.10°~ 6.10°
(mol/1)
Phuong trinh duong | y=31058,234x + | y=54043,098x + y = 12087,060x +
chuén 0,00343 0,01489 0,02848
H¢ s6 tuong quan R’ 0,9994 0,9991 0,9993
Do nhay Sandell
5 0,032 0,018 0,078
(ng.cm™)
LOD (ppm) 0,28 0,15 0,44
LOQ (ppm) 0,92 0,5 1,5

3.4. Ung dung phén tich cdc miu thyec té

Sau khi tién hanh nghién ctru cac diéu kién

t6i wu, xr Iy miu va thim dinh phuong

phap, ching t6i 4p dung phuong phap dé

xac dinh dong thoi cac chat chi thi trong

mau gidy chi thi

CALID-3 va tu ché tao.

Két qua dugc dua ra & bang 4. Tur cac so

lidu dn ra trong bang 4 co thé thiy rang,
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phuong phap phan tich cho d6 chum cao
gitta cdc mau, ham lugng céc chét chi thi
trong mau CALID-3 va miu gidy tu ché c6
d6 twong ddng cao.

4. KET LUAN

D3 xdy dung quy trinh x4c dinh ddng thoi
ham luong cac chét phan tich trén mau gidy
chi thi CALID-3 (Séc) va tu ché tao bang

phuong phép tric quang. Két qua cho thiy,
phuong phap tric quang c6 nhidu vu diém
nhu cho d6 nhay va d6 chinh xac cao, cach
tién hanh don gian, thiét bi may moc va quy
trinh chudn bi mu khong phirc tap. Két qua
xac dinh ham luong cac chét chi thi 14 co s&
quan trong cho viéc dinh hudng ché tao

gidy chi thi & trong nude.

Bdng 4: Ham heong cdc chdt chi thi trong méau gidy CALID-3 va tw ché tao (%)

CALID-3 Tu ché tao (Mau M3)
STT Loai mau , Xanh Vang , Xanh Vang
Do E Do E
EDA A2 EDA A2
1 Mau s6 1 0,610 0,980 1,340 | 0,556 0,972 1,241
2 Maus62 | 0,580 1,060 1,290 | 0,563 0,965 1,228
3 Mau s6 3 0,580 0,960 1,280 | 0,541 0,968 1,196
4 Maus64 | 0,560 0,990 1,300 | 0,562 0,956 1,225
5 Mau s6 5 0,580 1,090 1,280 | 0,548 0,953 1,233
Trung binh 0,580 1,020 1,300 | 0,554 0,963 1,225
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