ol 338 5 pole alilad

VYA VIYY 28l jo &)U
YA 5u5h Y o leds (eoojlgs Jlo

VWA BN D ¢ b pda Fu b
VP-4 o Srdy )

93 Y (81,5 gilog,S 3l ooliiwl b o2 bwowd oo Jolge 3IUT g Lauseis
&Ly 58T g8 s Shgy (B2
"t gt Jelow
Teols JT gy 5 abl calal g
Y .
Sgmga oloy 3
ol

O% S92 QLA Bk g il oo oliend Slge (CWAS) oot S Jalse
Slilos g (orox IS ;0 SLS 5l 03,28 08 . digd oo (Gdbpprndl 9 (2ilojls (L
G bzmo 53 (izen g Ol j0 OlaS 5 (nl jpd ol (asie 7oy 4 (S
5 2T ln oty (Brme @ dlie (nl ) gycnl 5l el LBl ol o 4 1) g3k Sla S
Olsie 4 (TLC) 36 Y 8l Ssilog,5 cloo ol 53 sl o aibln g LS 5 ol maieiss
SLaS 5 onl bl (sl lagbs, oelsl 52 a5 ablige plul 5 80 4 (558 sl by, SO
il aisle CWAS (6,15 o3l 5 olulid (g9 slobsy (cbyme cosdle 4 y] o ol 4
olely (il gl ] (il jglb (slahg, (i SS; slagby, (IMS) g S 2
@ pY sl 285 8 e dlie (ol 55 58 (e slasgein 9 (SERS) (b (213
2 keSS Gl e Gle el Sl aiios by, (nl ((See S cul 83
4 (DMMP) clgand Jute 60 gjle, K0T sl o by, ool -ailosls asll calizes (slalaise
ol o oolictul 5 bl ole 4 e

soals slaesly

Sy T 5 ot lolis GIUT (i 5l sin) 5L Y (S1p5ilog o5 o lpaness Kiz ol

(&) e plal ol olEEINS ¢ cond 09,5 355 sand (5125 (ggzeiils — '
(&) e plol ol olK5S o o 09,5 ¢ Simo (gonts blinl = |

63l oKils T o 09,5 ¢ sangils (5] 253 (ggmaslo - |
esmailshimi@yahoo.com Jginms odiag g



VYA 550 oYY o)l qoaajlss Jlu ol 938 5 pole aclilad Y¥

doddio
Ol L Lol (5558 5 (o yisd a5l @ a2 55 L igyion Jlad 0 gl op pSli 5
il sl g e conl Gl Sy oy S Loyl ol ool el 093 g 4o 45 o]
Wl Egion olood P Hlgre 4 oyl 5l solizwl 4> 51 .(Barba-Bon, A. et Al, 2014)
sloale> 0 L alls 4wy lo,sis o @S Kz clp o2 5o Jb 0l b
Job o elbesd > Jlse 5l (Aleksenko, S. S. 2012) wigd oo oolaiwl gy g5
9 VY Gladle )3 nly 5o (Srmjer alem 50 )0 VAL slale Gl 5 ol Gl
Gl ol olaly as cwl oo ooliwl dy,5m iz 0 VoIV o jo fizmen 5 10
o> S (o 50 Y390 JLs o (Mondloch, J.E, et al. 2015, Kim, T.I, 2016) aslazils of jon
Bevs (Sowdcnml 5 8V Spe crge 02555 5 nll 5o Golo S 3lodliT b (o yo 5
Cople b p lg oo 1) olond K> Julge (Okumura, T, 1996 ) ol ollai,e )&
Gk atwd dib paiz 0 (oS Jes g dibhio jo lag] o Baile dagl 5l solaiul
ge95 Jalse 3ol cmae Jalse Sl cpl b oiil co 55l Sl Jalse 5 00iS olgsb Jalse
Couw cde 49 Ml—"sﬁ (CWAs) tS’L‘M s_f.._‘> J‘o‘}c u.,).mA....J > odusS das Ja‘j.c
DS o ooliiwl o] wlie o)lge 5l Slidss jgel plol jo lacesils wijls a5 YL
S8 Glgl wgie clale (g |8 Slasiin o e 4 ) Sl K> Jolse ) JSS
Jgox ;0 a5 wluS 5 ples (Gray, C. 2007, Satoh, T, 2015) Cowl ooy 03,51 oloosds
Lol oo wglain il o> Loy i oailS 590 Lol caitiis STyl Y S )
ot Sz Jolse 5l oolainl mie 0925 L aiols lis Coans 8 (oliords K> 0)lg0 4o
s i iyl gl (S JL e (G g ghioe i oo Sgie Jele 0ol (CWAS)
5 o9 Sloog S Lawgi esliiul g oo Sl iy Jelge ool (lalid Gl ilonile L
BN Jle u" 5 u_e)f ‘) LQQT ).a..\.sL» u\)..} LgLas))b ,_591.? 0‘9"" G el 4o )L....; ‘ana’.i
aS (TLC) S5 Y (8l eileg,S o9, 5l oolatwl b gluend Six Julge ololis lazl



VO il ST g slahy (Byme 9 SIL Y (SIS giley S 5l eoliinl b ol Siz Jalge LT g parsss

e &5 g S by G B)S 13 (w390 el Ol g ke Sl By, S

23,5 oo )53 Wloads oolatwl Julse oyl dju)mi 9 A
ot Sox oariS Jalge (V Jgaxr

&, Jte Jole 5 b Jole o
; o GB) ()l
Sl edsS el 3l (0,5 b s
o i GD) ;leges G s
53 el S it 0 5T USG5l (6,55l .
GA) ;55 wlae!
9 S5 oge Jule g0 ol g ol
VX
< \Y
Sy RVX e
OeSan b STy plamill a5 aiies else mb kil ss
|y (5 3 omelSs ay sladl  DNA | HNI
)www e = HN2 o 1 Jsb
Iy (oS ncms (B9 Craode -9 3l o0 09292 HN3 Ssrs S
il y g0 ] (L1) copsyl
251 595 o 5§ 000 o8 J5elS iz aild AC Sl 9y
R e 5 il o
25 o0 ok 4 ()5S
b HCI sl a5 o s 10 99250 usb, b
N /Lmbw PR PR 3 ‘~.~A‘
g 08,5 /uw-wu.ﬁ, ...)’U—%‘?S‘ 9 0% (CG) R 0disS aas
Elo oS 05,5 o0 (8Ll ©f o iz ge o
00,5 50 (335 b OS] oled
59,008 co 51 5y 5,165 e (595 2 Geel Jeb (g0 T¢l o
A R (DM) - H9lélyaal
Jlsl 9 o5 0,0 wiile oo)lse )|




VA0 5l PV ojles cedsilys Jlo ¢ sallss ()8 5 psle aslilad

U“? J"If (CAY alow
(CL) & I8 giln bt (33935008 O N
CH(CH,),
CNCl1 HCN cH—b—scmemal
3 -3 3 +CH,
volatility: 3x 10°mg m~* 9x10°mgm= " CH(CH,)
LCtsy: 11,000 mg min m= 4,500 mgmin m OC:IT, 1.6 mgm-> i
toxic manifestation: fast fast 40 mg min m=
fast
LI ks Jalge (RVX) gy VX
‘ Q _ CH,CH;
(C6) & mgd {OL) ol o8 (PSY 5t 359,18 CH,—ﬁ' —SCH;CH;N\

CoCl, Cl, CNO,Cl, ocrcmcn, CH:CH;
volatility: 6x10°mgm™  1.9x10°mg m™ 1.7x10°mg m™ |
LCtg:3,200mgminm~>  19,000mg min m™> 2,000 mg min m? CH;3 fast
toxic manifestation:slow  fast fast

DF) aalighd (0 Joipiad s
Lacl Jol °
o ES ]
CH;— T b
(GB) gl (D) Glages (GAY by P .-,.,\...6}/;.1,&.4 F
o 0 0 W 9,900 mg m
CH:—{’—F CIIS—H’—F C:II,O—I|’— CN CH,—P—F fast
OCH(CH;), ognece; N(CH,), O_O

ility : am™
O e b s Ha 560 mg m™? 770mgm

S0 . 2,000 mg m™ 300 mg min m-? 60 mg min m-
toxicmanifestation: fast E:ng min m= Tast B8 fast

fast
15 Js Jotpe
it SO
(HDY Js 4o 315 A1) capyd HN1 (CICH,CH,),NC,H;
(CICH,CH,),S CICH=CHAsC], HN2 (CICH,CH,),NCH,
. -3
L 500 Mg m 800 mgm™ HN3  (CICH,CH,);N
slow. 1,500 mg min m= 1,700, 3,600,130 mg m~
fast 1,500,3,000, 1,500 mg min m=
slow
sl s 9!l
(O i g g 15 - (08 b gl gpasds i 9 A5 - ¥ H
1
COCH,CI
@_ ! @Si(}chm, @: D
volatility : 34 mg m 0.71 mgm™ AS
LCtg: 7,000 mg minm> 61,000 mg min m™ a
fast fast b.p.410°C
Jle 4
i jgipld Lutg gl S0 bl L e 58 rlind a5 5 St il
L1 ) (DMNIE) NP (HEPo)
CH;),CHO— p F ('? It
— _p— I u
(CH;): L CHy OCH(CHS,), CH,O—§—0CI, CHOP—OGH,
OCH(CHy), OCH(CH,)
3 OCH; OC,H;
Volatility: 6,300 mg m™ "
Toxicmanifestation; fast 4,100 mg- min m b.p.197°C b.p.215°C
; LTt g - 1P U1 pnls bl gt T
MT:;’::\J‘I o - T J’M[:r ]r ) (ATTCY
(o]
CICII,CIH,SCII,CII, ( \ HOCH,CH,SH CH,=CHCH,N=C=8
s b o
. ; - .p.152°C
b.p.156°C V.p. 147°C 4,600 mg- min m fast

\id

bolearss 5 plord Sz Jelse ols> 5 la)lisle (V JSo
O g oAl ojlr] &S o 43 laghy, 5l (Ko (TLE) S5L Y (S5 gileg S
Das o |y lagl 5l Jol> ¥ game 5 Jalse 055 ¢ slosts Koz Jalse 0dgs sloosle i
(o9 ol GG?QL.» asbe G{Lﬂ}n o 4y w8 aile ;o SHL Y 6‘91)593’&9)5
L s slular Gl sloaie jo 005 j3b 4y (Pl a8 ko 4 55 5 plul o Sles



VW sl Kol g slagtsy (Byme 5 S5 Y (315 5keg,S 3l ool b ploonds Siz Jslge 5JUT g Lansess

a8 @bl 5 oyS oo )18 ooliiul )50 pliord 5 () SlaS 5 Losl liee S
SlaSaSs 351 50 oS alidl> Sl S g o osliinl giluliz pa 50 Wiz dxio SO
ol e 9 3,005 3929 SIL Y (B 5leg S L siluloaz o il oo 3T (SIS giles S
L pls gladiges 5| peiias slosdil sl S6 Y (315 55leg S el b 05 00
(e Lulpl o gy ol o Slee a4 4z Loy, 5 4 8 gile @B S
Jio ol & iliso Y Slibee 0l55 b cmslin oo gy S S35 ¥ 3 Syiles 5
@l o,8 o ki 3L Y ST gl S axio Su 65, 2 Ol | ook slaaises
Sy 58 S SG o Ty ook Olras slass lei so by igd gilulas lojen jeb
15 ame b Y Vsors Sk ¥ HS5ileg,S sly ol 55 0505 oy G
GBS ) ey 4z )L slasendy 5 sk (C8-CL8) el ST SChew wiibe
Voare S3b a¥ (31,555lag,S 5T (slp S yoeie 55 anibign shatnd 39 b Semadly
3B 090 Sb Y S giles S amino 4 (ilulaz Job o artes 5 ST JT gla D
GRSe y slag e g WS (o0 S (Sibge SoS Buyb g end eols 5 S e
alize Glac bl a5 09b 00 cge Culi By St B Ul SlaJsSge (o
Gilwlas s lis S Y (815 ey S axio (g9, o oS > yo ], Felie e
b4 (AMasl b (o5 Sjge 4 iU Y B Sleg S amio 59 » lerd SLS 5
Sgdise okt (D & yrle alold | Ul & jalys oy alold) Ry

D93> 4y 09> Ao (§9, p odd lax DluS 5 SHL Y 81T gl S gilulas 5l e
oolitul b Yaons oud (5 05 alais diges g o (53l I0T 5 lse (S p 40 b g oot Lalls
5 Ledll e sb-ay S5 Y J,Sgiles,S ambo (19,59,5 absé b (59,5 el
STyl po cnl 53 098 o (65Le IKET il (So3slsn b g (abard slacdyme b oled
Siouffi, A M. ) a3 oo &5 CeliT sla JsSge ole cloog,T o o mo pw siiSa s b
.(2005, Sherma, J.2008, Sherma, J.2010
(V3A+ 5 VAYA AAVD) T im 5 . (0AVD) " plezan (1359) | il Lawgs TLC azso b
el 8 pyyy (VA30) TS5 s (VAR e ins (VAAS) ey ((V459) TS,

! Stahl

2 Heftmann
% Kirchner
* Pelick



VA0 5l PV ojles cedsilys Jlo ¢ sallss ()8 5 psle aslilad VA

wrngi o 1) S5l S £k Soged slbeS lie AT Jle e | SsbssSLe
st b BLFgleg S (s i ol I8 Con 9jse e (S5 slees S
N7l o e g SO ailes,ST S VA0A Jle o ) SE 4y 81 Seiles S
slodle o Sin s Seh Geigmee Wiled,S pwyn |) TLC atej jo adsl slocd iy
doz 5 TLC are) ;o 1, "0l g Jliwl aiile Slacesls Seedls ldllas 1235 51290
il Olbo a5 658 cw s LYAPe ans Llgl jo ais ol j0 sdee C8 iy s S
aS ol 5L Gy @ aS Sige 0 op ol clris oS Slawd o)l 85 1S )
A hogh SLS e sbrogie )3 Jotly et 2 VAOF Lo o B Sen g 1 S e
pike o 5 asetiel Liis b (sladipes oy sl Olise S50 Y (S5 55Les S

o igal 4o (oling) b doyeiS Sy 2508 eolatuwl wite Jdos g 4is 4
aS slaigSay S oo oolaiwl SHU Y (B gleg S g, 5l e e LiolEl gly 04>
Y 355l 5T (sl s 9y iy 55 b i ol el s 5 LnolSins
39551y 0)les (S, 2 sy Oyee Ol ST aiil Jele jge 4 Wb baiged SU
L b SsSal it 45,5 )18 Siga S blh b 5 eosll Sl i liend
6 Jlo Glaie 4 il P b pleond 00le w9 00 STl L L ax L
P b5 2l 5 S slaaised rizes w9 gl Gyl b5 G35 (oleg S
lolis gl Ladss oy Ojso 0 wuly oo 0al Zlmiul sladigel Wgd co gl Pl
asiine O asliw] SO b ode] Caws 4 K dunlie Lawgd dmio SO (59, 2 diged £ S
Qﬁf )‘)5 oolazl Sy940 ..\J‘y‘sn g_S)M RS “S’LMJLM )‘ uL.....oJo‘ U’“‘")s‘ ‘_g‘).) 9, )lSJ rnjl.:.n
b aslie ;o poles abaii o ;30 oo wlol 5 ololis sl p elil K, odle

S ly Jole ol bl jlade b ocoyo jlade (o dblbi oo 38 (Rp) S e 5B

. Wimmer
.Wintermeyer
.Berezkin
.Sakodynskii
.Tswett
Schraiber

o O~ W N



VA e KT g slagtsy (Byme 5 S5 Y (315 gleg,S il ool b plionds Siz Julge LT g Lanseis

Slge 43T zad o (plih somw oole S AT Sloj 0y50 40 090 so duslie o laslisl
FlSiles,S anwss (90 (S ileg,S amio Sy g5, 2 | O OlBse 05 3575 ¢ 053
ool b S5) ¥gamme Oygo 10 Byme dix b SOl eolatul b cadads 5 JGT o050 Slulis
L YL o Slee mlo (81,5 63leg,S .(Quagliano, J. C.) o4 oo ploul conls olwliss (Jsgors)
Koz Jelse 56T gl )b g bl aS casl b5, (HPLC-MS) (o)> (miw b
5059 Ceand )],5 Lol izt el )5 Jls (o sla g, ol el 00 solail o londs

.(Quagliano, J. C.) &5 ls eauzey slaoliws &0 4 LS

oo Sizx Jolge Sl 7 50T

Llize glaonigd dpy oS 5 .i0g (V) 0,5l SluS 5 9 (V) @leb,l5 (VYY) 0,085 )
2 o gl & alols a4 lapl S oileg,S .ai conis 'PRISMA Jaw 5l eslistnl b (S e 519)
Vol + 0+ Y+ 1) o8 Jloy = (hgdg el 25 =050 = 51 dasnsnl 6o b gl e
VIV XY +Y) o I5%e Jby - 99,0000 25 L pgd juw ;0 yio g8l £ alold & 5 (I V
&_9).1.9 A eolaiul OM)..JIJT uL...S).) wg) (5‘)-’ C 9 B, A aslesl d).x.o dw ».\J‘A.JL' 4.:....49.)

Y . : . : Yo e g,
e 5 o0 T35Sz Jploe o B Bpnn Sl A Tyl ol S A
A * . . . - a f

FIERNENCH DSV U R ST S WA Y NESRIE A SR SV
V0 S s o Ktils a0 YV slos [0 9] ST, ol (gl A By b daio oS oo
Clbl jgam 0l gl C 9B ot ,ma b Jlgio jgb ar )] 51 eo g o o0ls I8 aiBo
£S5 VY (g5l KaT @08 ah asie dube dius) S, p 6, o) bl g0
o5 Sze & 0yindgll )| S else e Ol 5 35 VX (sl 0 S9L FA 5 (3020 61
(Quagliano, J. C.) culils 0925 o555l Voo b o 560 V0 ooga0we o

L olSy b Pl oo puld ailge SH6 4 BTk, 10 S e 3B (g5l ange slp a5 Jow ol .
Al oo g g o8 sloceals
2 Cholinoesteraze

®_ Butyrythiocholine
* Michler’s hydrol



VYA 550 oYY o)l qoaajlss Jlu ol 938 5 pole aclilad A

1556 Jalse 567

Vo o ol sledslie o Jo,5 55 .(Quagliano, J. C) 1)1 5 2l Sen 5 | Jlsbise
ol o8l s3lulaz ais)S IUT S Y SIS 5ley,S oy, SeS b | Sojlse
0) s deiwl g 39,879 (V) +) Joilie 9 08915 (59l S oo 518 5l enliul b olge
Jsle 5l eoliinl L byl slapl Sgilag,S oonlice .ol Cusds pl 5 g5leg,S (g9 sl ()
52 o sy R LY 5Tl S a8 ol jo TSy ly 1)
S ool 18 g Ve OC 10 aiBo VO S lp ambo S 40,5 8,5 e bl 4 gl
hSis 4 e «idls 899 Jo,5 55 ] yo aS byl o Sligal Oy o ,me 50
21y e e 5e,85e 100 5l ieS polie plulid ojlal (i) cpl i K, ol alais
A0 oo lid alides Mo 90 10 B pae o | TLC Olxao ¥V S and oo alails (2

o) - w2l 5 e uo
o
< O © ©
o o o O
O o
0 0
o o 0 0
C|)| T T T L T T _8 T T 3 T Oor T
A B C D E F G H A B C D E F G H

oS il By S50 N3 5 Y Aclogline (01) s il 5 02505 (001 1) i s IS (G
Hods 2 st 5 GmotonS il 5SS (53 555 oSyl J5SIS 53 5 E= J55elS (53 55 Do Js 2 il CoJs 2
S i 58 e 93,0 TLC &y (65, » o] lacdsilie 5 J3,5 sslulax (V S0

P slog,F 4 laio CWAS ol bylso 5UT
5 g S5 ouiS Bl SLaS 5 (T a5 5 g VYl (bgle BT 0 5
bl T i oS5 & bgrye bl egde « sl sloiisTy 5l solitul b oS e
g 5 oyl bl b L Jale 1) blis aigd o alls 55 (CN 5 CS) 5ol 515 4 bogs e
5° 09 el (15 53leg S s 99 50 Wil (sl (i 5T gyl 5l lo (Sligien

' Munawalli

2KMnO,

% Na,CO5

* 4,4°-p-nitrobenzylpiridine

®. necrosis-inducing coampounds



A S35 T (ngs sy, (e g 3L Y (SIS gileg S 5l oslitul b (b Six Jalge 5JUT 5 janiess

S B plaie @ plgiee [ (V) A (pa s s OLuST 60 oS 5l (bglse Jsl 350
ol s palh 4 e o1 sla STy 5l osliul U plS5iles,S Sy dngi o IS
e edl5 B yme b ol Feileg S (6 el 9 00t CN § CS ((GD) loges ((GA) 55 (GB)
s 53 095 o0 (DM) ey T el L8 (50 g CN (CS (CA bl 5 ¢ Jo,5 s palls &
CN €S (g3lulazx oS oo 56 olgie a0 (V) Slewl il g Bl 60 51 ool b pgo
5 5918l 55 slp Re polie cpiias (pl )0 05 oo Juol> GA izen 3 GB 5 DM

(Quagliano, J. C.) xog Oglate Feog 4 JI (6,008 o Jolge

ooy Kz Jolge (pnsidd g 50T 6l o9 SRy (B s
adllas gly 50 guuas g @t (g3le, a1 sla ybg, wils CWAS aS enl 4y azg5
3 Bbie (ooad slahy) 35 b g JeeSS 50 oy, cnl taibice (S938 @ g, lag
S b9y ol 85 pll CWAS 5T o (lulids sl TLC i) 1 6500 18 sl
Sl 5 slp 55 09T oo g2yl b Lol cadlioo CWAS olulid (sln (cea08 (o,
lg,ls 4 .Satcher, J. H, 2012, LutonskaT., 2015)) o,xaie olge daz I alixe
ey, cpisn ol jo plply o)l o8 (Thangaduraia, S, 2012., Yu, H., 2016)
ol 5l (B dgh e o wel 0ol soliiwl CWAS 3IUT 5 (o5l K51 (gl 4 oo
Slasts, e, sy, (IMS) Tbg S @b I aule by,

Lgdse Gl delsl o a5 Koo sla b, A)WbﬁT ‘f&u)sb
Ogeliiny Aoy 4 pleord iz Jalse Sl 5IUT sl (IMS) gy S o0 ginscilo
s, o oolinl Y18 Lo Lo (Satoh, T. 2015) il Sas 5 ogiles dawss Uy, aplss
sl S5 55 ¥ (505 Uyl Jale 0 cgmme Jole V) (alimsds (Sir Jole 03355 Sise <5
S sle Bl 5 (Jele A) el Lol abgyye S8 5 5 (S5d Jole ¥ o gig Jole ¥
Rl ey S S e il oS bawg glawslie LB b 4 (5,50 YR)
AL Glsr (Sligal (0,5 450 58 4l el b derd (S Sl plase 5l olSss

.Tollens reagent

.lon mobility spectrometric
. Colorimetric

. Fluorescence

. Aptasensor

a A~ W N



VA0 5l PV ojles cedsilys Jlo ¢ sallss ()8 5 psle aslilad AY

9l Sy S o oolainl sgaze Hlid 5 Lo jo oul Jlegl L > o S enl
dlboe Julge cnl @ parsis by, 0
oloygld (i 5 (eSS 3 s Olgre 4 b S35 9IS Sl (s e e slallie
ooy olz 4 (YU, G. 2016) il Kod 5 55 bawgs Yo10 Jlo o olowd Six Lolse
50,5 oolaiwl LISl glp jamiw SO Glaie M 51 5 Yo @ dlie Bass s ol
e le oS
03a> 5 Sey Lo b ()55l 5 (g)lul b e (g, o Gk Wb 356 ()
g co oolel onlie _idig gloois]
4 ey a &S Alen 3 4 jamie S5 g8 el sl gl (Y
e gy 51 slags b SasS SleS
Clkr S olsie a5 wiS oo @l 1) (YL e 4 e S M D356 (1
Gl 0058 oo )18 eslitnl 0)50 (oland polic S)p polie o ol Jle
boo il Bas SJUTL gl (2387 00 OISl (omnten y5bo @
S35 308 gole b (Fye a4l 0 gl pendly iz Mo gl sulds (Shy S
b 45 sise 26 I8 a3 05T slagy 2SI 5 SPR) (s pmnidly Gl o
Mo =350 gl 4 a5 (golse ;5 Sigendly oy (nl 39 oo WadS absy e slagygied
aags oMb Gldgl Lol 05 cplply el sspuin ol @) s SU05 [l
5 Vb Comlas b o8s; (nl ol il jils Cdl s 5 (e S5y else pled
By el gl gl gl jois p (cailiyetld alp Mo S35 jansis gl
&5 JESI L (SMF) il 3218 ot ol el ,bl5 45 055 o drlge B by psas
39 Sl ublineg 2SI lovs Jasgs yuilu,92l8 Mol SMF L(FRET)  owilusjeild il
5 00 S, oidd y38,9il8 Sy yns ool 3l (o5, JUnl ayais by FRET a5 >
S8l 50 bags CWAS (pl .adl oo QU (aBgd (olaBys (piSen p b odindy Hpdgald SO
45 oy j0 b D3 Gl Gleysils plss 5 (e K Sl ool b g g ol
Ohdgl i aiee glols BB waie adds wlie 0 2o ouie o g
il CWAS (33,5 25,0 jolaie 4y poss BB (o (slwog 57 ol ol (b



AY sl KT g slagtsy (Byme 5 S5 Y (315 gleg,S 5l ool b plionds Siz Juslge LT g Lanseis

ools olgie 4 (DMMP) wllawsd fow e 60 o5 polie jadeid lp sladlis
Zhao, R., ) (2, g 815 Lawgs YoV2 Jlo ;o gl ] 5l oolatul b opsle jlo i
L ooosle o8 lews polin jaseid a4 jlo @ axei b as alas ol jo o) o> 4 (2016
Ll Sl il se ooges cbilis gln o Sl o cell OF e das
ooliiwl DMMP aseis ly ool sl dslxe ;o jaminlnl &b 5 olas G xSUlg50
JsSlsn b oSome b & 45 igh o o solisS (S0 Jians Ko 0l L el
By calie Hlaw asidos g olend gHlul cage 995l 5 il 1550 Bue
g olissg Jo BB bls 4 e jguins al » el S0 Slgrn ool BB 09d o
L alie Borws cplpls wiiws axg5 0y50 o] slalasa 1o oyl sl 0 (5,505
DMMP (aexis jo s jk; G axdly ,o S 5 jominsliy] S5y 90 (ol & x93
BL oo Yaegl B0 5 adid a> pizmed g Yeeg, e 1 B Yaegil B e0,ilS o
O Cad 29, JLSKw a0, 0 VY als as <8 )5 138 ol 0,90 DMMP a5l
O Wgw b a5 wib o gloay Slo L jea> Jdo a4 opl g sl olawd S 80
g ol ;0 Sl zalS 4 o g aisly (iiSed p gl ] [0 9920 0,545
5 Shw by olend Sz belse aliv asid ¢lp gldlie Y7 Jlo o
LY S gleie a w315 5l alde pl o .aww, ol 4 (Sayago, 1. 2016) il Sen
ol oY zlgal (b g a5l oY zlsel Glaoliius (g5, o0d oyt S|
5 Oonbe ¢lp (Wlin) jle o eole SO lsie 4 |y DMMP 5l oS (L slacdale
sy jasis GU1 les jo 59 Jo,n lp sl Giw ool leie 4 1) DPGME
Gloog,S 5 (gamgs Ele 925 Jdo 4 Baa Glacil b sS85 (658 (iiSen
Shas Coie 0 Byl logd co b ygucin j0 eole (pl 00,58 05 4 e oS
Selpln g aisS oo Joe BT Lo jo aS el cpl s Seo zlsel o yguin a5 I )5

! Cantilever
2 Love-wave



VYA 550 oYY o)l qoaajlss Jlu ol 938 5 pole aclilad A¥

JS5 s oS GBS by sl jgains ol s Gl 23l (535 )57 40 5L
Lol ST 81,5 9 CWAS glaailie (555,968 Nism

s s gl (Zhao, Q. 2017) il San g g3l Lawgs Y18 Jlo 4o glalie
50 4 ol (SERS) (e  ciol38l bl oo cads 5l oslatnl b lacl Jolse olus>
ol Al a5 oo les Jele 4t Ky lsie 4y (MPA) sl Sigind e walis oyl
) B e (59, Bam CUT g, ol j0 0 eols aueid SERS ig, b olge mlaw
Ol a,] whaos csls o 5o 1y pbely S il a5 0s xan Gde Ol Ly
Olsie a5 0 ol Job (bl giel-Y aliasy 4 poradiw bgy5esil b oad eols sy
oole a5 caul )T 5l Sl b 28,5 18 eslitl 5,90 MPA a5 (ol,s SERS i
Sy Se 25 g bele (9,5 Cdx b Joke jo I MPA (sla 590 Wil oo oud 3L
s oolo phaw 4 Juate b 50 o2 jeie iSTy SVgame jlails el 4 gemlagal
S5 Jsloe SERS ssle ol sl (6505 o3l Lansg ailgi o ozl yilis MPA cla JsSg0
A0l o YPPM 55 dieS adlS o> Aigd

Jolge urd gl ldlas jo Y- VV Jls o (Climent, E. 2017) il Sen g oS
S 4 Cowygld Bgy boeyizgie e SOl soliinl b s slao] o Clacl
ol anlllas lie ol jo ol caws SLS 5l 6lp V50650 00gase [0 paseid
(et 28,5 y50 1 55 GD 5 BB GA (ewi sl Ky b (oS5 Wi S50 55, 2
Il iz el 3 YLl opimgpe ok Slge A3 oylsrs 5 ln,Slolis
2 Sl ek, ol asloils G & i S5 b §l 5 0,5 (5, Tsle e
b amlie o 1, Gan JsSsa b (23515 osill sk & opal ol 233,500 Slise b 53,
SBA-15 ;I JSiie SI-SBA oy ol 5o Cules 5o w3 oo b8l (sl 4o 13T g
15y g5 b gl b (BODIPY) plie 5,15 (53— 53l 0530 ke S5
5 0 plo Bl jpa (ol mlaw colue s colie slaThy s & (7 JS2)
i gl 698 SLulis ool G cazms jo .ol bl BODIPY  (gleog S a0 598
WS s 2l (Hly Gladiges jo Slasl Lol 4l 5 G slag | Sz abeerd Jelse
Cos Wlgi e 4 Canl Aingy Copmdge b JenSg 00 05,8 Ky ol BODIPY Sl
I, Slgland (g il Olitin lawlgas § 48,5 1,8 Slghud slo yws b oyguadbow] iaSTy
Jyame o el gy J5S050 (5950 G3adSIN S o basslga (ol ams LS5



A (il KT g slagtsy (Byme 5 S5 Y (315 gleg,S il ool b plionds Siz Julge LT g Lanseis

e Mas STy Jgame Vb Curnysl b FLubs oSep oS o ods gldils 5o

] Sl yol3

111 111 ?? ??

{
{
Y
1t ?

5-0-5BA 5-1-58BA , $-II-5BA , 5-IV/-5BA

y
] i
—‘/.’:_f “\ 'S
MH F._F [N'] N Ll M
LB
By NN
i ,'L{ RSN
\E%T/ anchored \" anchored ad
J] oM [

55 0a o3l -V g 1o LS 5 g Ll sloosle i sliond sl bl 5 ous agd olse 5l ol (F S5

BN

b adgls)l plond Kz qras Jolse o sl dielsn Jioaee et
2 (Whitaker, C. M. 2017 ) Ko 5 Sty Laogs Y+ 1V Lo 4o S sl slallie olgie
gl il sl SO e 4 siedign 55,000 g i (nl 55 el osen; Ol
sy 23,5 18 ialel 090 9 Sl axwgi gmas el 4l Sy pais slp s
el panseds Sl 4 g ols (lad | (oYL Db 4 S e dtedign Jig 0 (olend
Slo gl Jolxe 5 ,0n slajl s olindg s sl o ule At 4 gl sils
S0 a5 wS (e oolitul (plesS (ouSg e (60 -V 5 7l ST 9588 (la g
00l iluler il ysild onims (acsis Sl plyie a aed ST L J59,00e oS le
piz b Gl 4wl e diadse J5500n lapld cwilujstld g gl ol
oS W oanlive yiegili YFO e Jsb 1o iws UV as¥ 5o 5l oolitl b gebuce i
Sble Amo go s kit a0 o &S LlaplSe (g5, ily olog 5o 1, lagy] las 0,15
5@ 5 & b gl dap] YL endy (S ouilejsild aly glaygunis Lol
5 el (aeseds o ge g o izt el jsild 4l gl jpuiin el oy o
woye 1y oz Sl ) ooliiul b jless iy 455 gd (o g phaspd pdir b >
(F JSs) oS



VA0 5l PV ojles cedsilys Jlo ¢ sallss ()8 5 psle aslilad A$

UV Light at 365 nm

DCP

lesS oS5 yen 55V 55 ol Jsloe o a4 DCP ildl b oo oaslive K, e (F S5

ool Sz Jolge 50T (6l 99 G sbgy b S5 4 (31,5 gilog )5 Ay Lo

5T sl onss slagig, ized 5 S5 Y (1S 5leg,S 0550 50 (LB laisy 5o
WY BIS8lg S by 5l Glamalie ¥ Jgaz jo ab plo olllee oled Six lse
o3 Slles g gl ploj comluc (ogy CBs anl oads 0051 (s slagsbs, 5 SU
ibioe (ol Sz Jelse ol conlin (pasiils By, S slaatla plaie 4 (b,
Jo rl bl Joo BB 5 ool cqyw B9y S0 S3U Y Bl Fg5leg S ol cnf 5o
el g Sty Gl so el Jl0)e3 S 288 1 K0 ety 4 S
4 Coms glal Gog Jeo BB uizmen 5 g Comlua g S Lo 4 (g S v
ale sl yigy 4y o (o9 Ol o 4 g,y cnl Geizen s (555 00 sl s,
Slogis; b tgy ol 005 w55 Jb ol bo)ls s 5 n iliysld g jgminls]
S lSin a2l e IS S Y Sy 5 b aglin 3 (S35 S5y il
oS5 308 eole el 5 oz el wle olaiy, b S5E AY S giles,S
(WJedo @ J39,008 Lo jguin ngh Glats) Gle yo 0D alsS g Sds ils e
s WS oo o 5N ok 4 slats) S 4 e PH g Lo J 5 5o colB
P00 A Cawd S 2l 5l il s oS colaiul 550 LS 5 00 S WS ol
g on oddlive alizee o by, duulin ¥ Jgu jo el o 95 1 b o,



AY

S8BT g s, (e 5 SU Y (S ileg S sl eslial b (oot Koz Julse BT 5 paiets

il Sz Jalge LT g slastg, b S3L 4 (315 5leg S aslio -Y Jour

b'»\_ilM

Llse

500 Gl gy A Camd o5 B> @

)§€.° LgLa:J....S_\"‘ 5 b QL...J O‘))S s.«..f): °

osluoylse

oS ialojl oy @

52l polie gilulas g olulis @
Esiso slod yae 3l oolail @

Lged iz plojen gjlulax @

OO Jo> JiB @

S35 4 1 ilos,S

o5 oIS 0 o 5T ol @ @ B,
oS 4 5l e Y céo @ Y
NI wile 5551 32, ogelisiss ate &35 Yo cl @ i) %
FdSie ;50 slaaliws b (3,5 oS 5 @
ol el 05,5 L LS 5 gl solinl @ R 3
Jom LB s @ o éﬁ
Sl e
S A o> @
Jo> JB 2 @ & B9, ®

ual} uL...S).T 6‘):‘ oolawl @
gy Jsb obml Gl Pl SlS s o sl e

s_.,\...;L;.A ,4"7;' CARCo )

ool

RPN

Vi cds @

B Sl 5 sl oolazul @ oS Lakil o> @
Jo JB e @ sl e

YU jaass 4 5l @
u’l> pH 9Lo.> 5 (_g)ls 0dgdxe @ ULWT L_q"i’j) °

P LS 5 sl ooliul @

RUSLIENE
PH j Lo b Jyus @

Sl g
Ji90

S5y s, 5 ool b bglie 5 iz 90 4 aloant Sz el 5 5
Sl by, alie DLoS 5 g9 g ple S iy 4zl L .CES 8 cwy 0550 SHL Y



VA0 5l PV ojles cedsilys Jlo ¢ sallss ()8 5 psle aslilad A

a5 aizye el a8l g 50 Jalse cnl lp 1 S3E @Y (SIS gleg,S gy SYL plazz
9 bgylo aiile walizes olge § LS 5 gilulaz 5 ololid 6l (hg) ol 5l 58 5551 oo
S50 Y (B gleg,S Do8 aladi con 3 90 S Bg, (rm )d D9doe o0lital 0 miie Slse
5 syimelin] wile plaigy wilioe ol Gosr oole Geizmen 5 Glol og Je 8
gwcinb Jlo (nl b i Jlo)03 (Sl Sllee vz 5l io3g OLS Jddo 4 il ol
SYle 4 4y boadlbioe olend Siz Jalse SIUT ol Gos)y o (P S8
slrolliglol jo oyl sl oolatwl § ditiis oo Duls 49 CWAS oS Sl 5l coads oy p
(OP) bl )|yl liands Siz alse 09 o plowl alie oS 5 anlllas by il
ool oddsS il w3l Slee Ho bl Sbly s 4 el sl (S5 s
s o plol Slalllas Gab s S o Lyl oot s 5 cado L 45 (ACHE)
alez> I ODMMP) Sllawd  Jowe Joo (60 wdlboo aline SLS 5 o in sl

‘w..s) L= )b G:LM g_i.} JA‘B.C u‘).ul.: K9y » uLQ...Q.‘?U ‘CAMJ‘ W) és.\?u: G»LQ.A.Q.?U

iy el a8 T & g0 1 (55, Slalllas i oS il o Jeleans ol (p i e
9 obly (oo mwcinb aile 0 GLSLESS L S S hge 50 G SHU Y (S Seileg S
S oo @818 CWAS (gl 1) (558 5lUT el o9 oS 3 503 (g0l

&lw

e Barba-Bon, A., Costero, A. M., Gil, S., Martinez-Mafez, R., & Sancendn, F.
(2014). Selective chromo-fluorogenic detection of DFP (a Sarin and Soman
mimic) and DCNP (a Tabun mimic) with a unique probe based on a boron
dipyrromethene (BODIPY) dye. Organic & biomolecular chemistry, 12(43),
8745-8751.

e Aleksenko, S. S. (2012). Liquid chromatography with mass-spectrometric
detection for the determination of chemical warfare agents and their degradation
products. Journal of analytical chemistry, 67(2), 82-97.

e Mondloch, J. E., Katz, M. J., Isley Ill, W. C., Ghosh, P., Liao, P., Bury, W., &
Snurr, R. Q. (2015). Destruction of chemical warfare agents using metal—
organic frameworks. Nature materials, 14(5), 512-516.

e Kim, T. I, Maity, S. B., Bouffard, J., & Kim, Y. (2016). Molecular Rotors for
the Detection of Chemical Warfare Agent Simulants. Analytical
Chemistry, 88(18), 9259-9263.

e Okumura, T., Takasu, N., Ishimatsu, S., Miyanoki, S., Mitsuhashi, A., Kumada,
K., & Hinohara, S. (1996). Report on 640 victims of the Tokyo subway sarin
attack. Annals of emergency medicine, 28(2), 129-135.



A Gl KT g slagtsy (Byme 5 S5 Y (315 5leg,S il eslinal b plionds Siz Juslge LT g Lanseis

¢ Gray, C. (2007). Another bloody century: Future welfare.

e Satoh, T., Kishi, S., Nagashima, H., Tachikawa, M., Kanamori-Kataoka, M.,
Nakagawa, T., ... & Seto, Y. (2015). lon mobility spectrometric analysis of
vaporous chemical warfare agents by the instrument with corona discharge
ionization ammonia dopant ambient temperature operation. Analytica chimica
acta, 865, 39-52.

e Siouffi, A. M. (2005). From paper to planar: 60 years of thin layer
chromatography. Separation and Purification Reviews, 34(2), 155-180.

e Sherma, J. (2008). Planar chromatography. Analytical chemistry, 80(12), 4253-
4267.

e Sherma, J. (2010). Planar chromatography. Analytical chemistry, 82(12), 4895-
4910.

e Fried, B., & Sherma, J. (1999). Thin-Layer Chromatography, revised and
expanded (Vol. 81). CRC Press.

e Quagliano, J. C., Witkiewicz, Z., & Popiel, S. THIN LAYER
CHROMATOGRAPHY OF CHEMICAL WARFARE AGENTS.

¢ Satcher, J. H., Maienschein, J. L., Pagoria, P. F., Racoveanu, A., Carman, M. L.,
Whipple, R. E., & Reynolds, J. G. (2012, May). Portable thin layer
chromatography for field detection of explosives and propellants. In SPIE
Defense, Security, and Sensing (pp. 83580Z-835802). International Society for
Optics and Photonics.

e Lutonska, T., Kobliha, Z., & Skali¢an, Z. (2015). The Qualitative Analysis of
the Selected Explosives using Thin-Layer Chromatography. Gas, 74(22), 22.

e Thangaduraia, S., Dhanalakshmia, A., & Kannana, M. V. S. (2013). Separation
and detection of certain benzodiazepines by thin-layer
chromatography. Malaysian Journal of Forensic Sciences (MJOFS): Mission
Statement, 4, 47-53.

eYu, H., Le, H. M., Kaale, E., Long, K. D., Layloff, T., Lumetta, S. S., &
Cunningham, B. T. (2016). Characterization of drug authenticity using thin-
layer chromatography imaging with a mobile phone. Journal of pharmaceutical
and biomedical analysis, 125, 85-93.

e Yue, G, Su, S, Li, N., Shuai, M., Lai, X., Astruc, D., & Zhao, P. (2016). Gold
nanoparticles as sensors in the colorimetric and fluorescence detection of
chemical warfare agents. Coordination Chemistry Reviews, 311, 75-84.

e Zhao, R., Jia, D., Wen, Y., & Yu, X. (2017). Cantilever-based aptasensor for
trace level detection of nerve agent simulant in agueous matrices. Sensors and
Actuators B: Chemical, 238, 1231-1239.

e Sayago, |., Matatagui, D., Fernandez, M. J., Fontecha, J. L., Jurewicz, I.,
Garriga, R., & Mufioz, E. (2016). Graphene oxide as sensitive layer in Love-
wave surface acoustic wave sensors for the detection of chemical warfare agent
simulants. Talanta, 148, 393-400.



VYA 550 oYY o)l qoaajlss Jlu ol 938 5 pole aclilad Q.

e Zhao, Q., Liu, G., Zhang, H., Zhou, F., Li, Y., & Cai, W. (2017). SERS-based
ultrasensitive detection of organophosphorus nerve agents via substrate’s
surface modification. Journal of Hazardous Materials, 324, 194-202.

¢ Climent, E., Biyikal, M., Gawlitza, K., Dropa, T., Urban, M., Costero, A. M., &
Rurack, K. (2017). Determination of the chemical warfare agents Sarin, Soman
and Tabun in natural waters employing fluorescent hybrid silica
materials. Sensors and Actuators B: Chemical, 246, 1056-1065.

e Whitaker, C. M., Derouin, E. E., O'connor, M. B., Whitaker, C. K., Whitaker, J.
A., Snyder, J. J., & Reitmayer, A. K. (2017). Smart hydrogel sensor for
detection of organophosphorus chemical warfare nerve agents. Journal of
Macromolecular Science, Part A, 54(1), 40-46.



