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Application of ionic liquids as mobile phase additive in Semi-micro HPLC technique
for simultaneous determination of residues of nitrofurans and chloramphenicol in

shrimp and shrimp products
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ABSTRACT

This research was aimed to study the potential and limitation of using the ionic liquid as
mobile phase additive in Semi-micro HPLC technique for simultaneous determination of
Nitrofirazone, Furazolidone, Nitrofuratoin and Chloramphenicol. This research developed method
using the ionic liquid as the mobile phase additive to replace organic solvent for decreasing the
environmental problems and increasing the efficiency of the separation and analysis. This is the first
time that ionic solution was used for simultaneous separation of 4 active compounds. The separation
was performed on a C , analytical column(100 mm. x 2.1 mm. i.d); the mobile phase consisted of
15/85 %(v/v) Acetonitrile/4 mM 1-ethyl-3-methylimidazolium tetrafluoroborate pH 3.0 and flow rate
was 0.3 mLmin . The UV detector was operated at 270 nm. The proposed analytical methodology
was validated by employing the standard solutions and spiked samples. The system linearity test was
performed using five concentration levels, from 25 to 200% of the target analyte concentration. The
regression coefﬂcient(Rz) found were 0.995, 0.996, 0.995 and 0.997 for Nitrofurazone, Furazolidone,
Nitrofuratoin and Chloramphenicol, respectively. The method linearity test was performed using three
concentration levels, from 50 to 150% of the target analyte concentration. The regression
coefﬁcient(Rz) found were 0.991, 0.993, 0.992 and 0.990 for Nitrofurazone, Furazolidone,
Nitrofuratoin and Chloramphenicol., respectively. The limits of quantitation (LOQ) found were 1.01
ppm, 1.21 ppm, 1.01 ppm and 1.00 ppm for Nitrofurazone, Furazolidone, Nitrofuratoin and
Chloramphenicol., respectively. The limits of detection(LOD) found were 0.51 ppm, 0.31 ppm, 0.38
ppm and 0.36 ppm for Nitrofurazone, Furazolidone, Nitrofuratoin and Chloramphenicol.,
respectively. No interferences were presented at their retention times. Accuracy expressed in term of
recoveries was in the range of 97.09-99.42%(n = 6) for Furazolidone (spiked sample at the 3
concentration, 1, 25 and 50 ppm), recoveries was in the range of 98.94 — 101.41% (n = 6) for
Nitrofuratoin (spiked sample at the 3 concentration, 1, 25 and 50 ppm), recoveries was in the range of
98.22-102.76%(n = 6) for and Chloramphenicol (spiked sample at the 3 concentration, 1, 25 and 50
ppm). Precision of method in term of the relative standard deviation was less than 10%. This figures

of merit indicated the validity of this method.



Keywords : Nitrofurazone, Furazolidone, Nitrofuratoin, Chloramphenicol, Ionic liquid, Mobile
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(Material&Method)

3.1 msaiinazgUnsaiilFlumside

=
a13ny

1. Tasidon Tanson lae (Sodium hydroxide, NaOH) > 99.0%(w/w),A.R.grade U84
YTHN Analytical Science ( LAB-SCAN)

2. n3alalasnasin (Hydrochloric acid, HCI) 37% (w/v),A.R. grade ¥84U3HN
Analytical Science( LAB-SCAN)

3. 1uMuea (Methanol,CH,OH) HPLC grade VY89UTHN Fisher Scientific

4. 0x%Ta5 1y Ing (Acetronitrile, CH,CN) HPLC grade VY99UTHN Fisher Scientific

5. nsaleanesn (Phosphoric acid, H,PO,) A.R. grade YOIUSTHN Analytical
Science( LAB-SCAN)

6. luTasus1Tau 99.0%v09U5HN Sigma

7. W51 T5a 1A 99.0%Up91THN Sigma

8. luTasys1Tndu 99.22% 915N Sigma

9. AnoUIUNIADA YOIUTHN Sigma

10. l4ona-31unaduiarlaidony taaszyToTsuoatsn (1-ethyl-3-

methylimidazolium tetrafluoroborate) YD UIEN si gma

a a

1. 1-i9a-3-unaduia laaen maszy e Tsuersn (1-butyl-3-

methylimidazolium tetrafluoroborate) YD UTHN si gma

Y
12. 1111519910 lo@®1U( Deionized water)
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A A d
mimmuazqﬂnim

LiazesTasn Tnasluuuveumatanssouz gt 1y Tas(Semi-micro High
Performance Liquid Chromatograph; Semi-micro HPLC) 134N Shimatsu

2.m‘§1m pH meter , 158N Danver Instrument Model 215

supseaanaiion s éwnile oWe Sartorius §u BP2103 USHN Scientific
Promotion

4.Lﬂd§'m Fisher Stirring Hotplate U5H% Fisher Scientific

5.A90UA

3.2 A5msauiiumsIve mddautseemily 4 Tuneu aane i
& d‘ = a a ~ o @ Y I
Junauil 1 AnyIstiavedveurallesstiauazmanzimuzaudmsulaily
msauuaaraadounlumsusnaisazaoaigiu Tulasyslau Tulasysladu Wi lad
Tau wag aasusuilinea IasldmatalasuInnsiflveuvaraussougguuy wiilulas @2
A Yy 1 a a Y 9 = !
wlsdnun 1aun yiavesveaural lesotin aAnuvutuvedaIsaza1sveaiad loesiin AN
3 4 A
Lﬂuﬂ‘iﬂm’d(pH) voulanasun
o a Aa ~ IS 9 v 3 < v o
1veaad lesetin 2 via vuessuiluaisazargalrensleingsiaan lessuiludih
o Y Yy Y ' I 1 A o o w o
azang Taefvualianuudy apH Wuaazsiafeiny muaiay ihasazasvearad le
1 P ]
polavrian1e Miasouiunsoaneldssuugaamariunsza1ynIed luasuniniuaziden
& o 1 4 @ a 4 <
0.22 Um v laeimealagldiniesdansiTytin(Ulrasonic bath) 1ilurial 10 w1 udn
° v A A a L. v o
W lsiumanaounlumaiia semi-micro HPLC Iagle ODS Aoaul (V119 100 mm x 2.1 mm
. Y Aaa a A d a o A Y o g’/ o A @ Yy 9
i.d., 2.6 um) wagzldgmianmames Insizvnain la vasonulsundsumszauanududu
A ' a o o Y  ax a v a ¢S Ay Y
vyoavearad leesiln ApH MMz ey MUSIAD A83TMINAaBAURLINUIATIZHHAN 19

Tuaoudl 2 Anprlszansammsuendisazateniasgiy Tulasysilou lulasys

Tadu ys1lwalau uaz aaousuiliinea
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A Y A A a & Y <
Weldriiauazan ez auvssdisazalsvourad loootindaldilu
wenaaeuiudl msmdszansammsuenaisazateniasgiy lulasyslau Tulasysila
Y
ou W51 Twd Tau uaz naousuiliinoa Tasnmsmmaieaasae l1il
4 . /
1. LLWﬂLGl@iﬂﬂmﬂq(Capamty factor , k)
2. %"maumawquya(Number of theoretical plates of the column,N)
2 s .
3. maasudnaes (Tailing factor,T)
4. ANUIUNWIZIDIZVI(Separation factor)
5. ﬂ’J11IE“HiJ1ifJGl,‘LlﬂﬁLLEJﬂ(Resolution,Rs)

6. R.S.D of peak area(n=6)

L d' o 9 anAa A o é’
Tunaui 3 Mnsnageunuly ldveadsAnTITHNWANTY
1. ANUINIZ(Selectivity)
° o 1 A ~ =y
B1a15azareddedranazarssenoudun luilaen (Placebo)
A = A Y] 9 9 = o o a 4 9 = [
MATeuNTTAVANMTUT RN UNIINIT A1z laelsan1nzlunmsnaasufedrnu
nfSeudsuTasunInunsuin ldanaisazaredlegratas Placebo
[ v Jda
2. ANUTUNUTIFUFU( Linearity)
2.1 System linearity
hamsazaremnasgiunaulsznoudes lulasysileu lulasysiladu s
A ara { 1 [ a 4 4
ToaTau uag Aasusuiliinoa NANUTUTUAIE) 5 T2AUANUTUTY B1IATIZHAIBATEI semi-
. y <ef r < A 4. e
micro HPLC JTagl¥aisazargveanadleooiianannznmungay Humanaoun insia
[ Y " i o d' 1 H 1 (%
fsaza1euInsgIunszauANuELtUa 5 $1 maundovesdyan Nouldnuaazszay
ANty wasans sz IANUELTU eI UX)tazdyaaneu ldunuy) mnnsvinae
1 T W 1 @ 1 J.
asznInmdyguioulanuanududuve i Isazalen1nI§Iu(08191108 6 9ATINUVAIA)
nMuIamaumMIdunanog(Regression line) Tag 197518 3a091i00NgA(The method of least
Y Y
9 1 Y] T W a 14 v A
squares) ‘VIQﬁﬂ1ﬂ’nll%u(Slope)"Uﬂﬁﬁnmﬂﬁg{}uﬂﬂﬂﬂﬂ ﬂWﬁljﬂiz’d‘ﬂ‘ﬁ"U’éNﬂTiﬁﬂﬁuclﬂ(Regression
% ) 3 4 [ a3
Coefficient, R®) taggadaunuy aunsoihunilumnusimsseusunanugndes wavesanuily
Wuasanae laniiduasalastiaianusu=1 a1 R> =1(Tagn2lileausua1 R® 1 0.999 4

0.995) HAZAIAAALUNY y =0
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2.2 Method linearity
A0 19MANAITAZA1M1AT91U(Spiked  sample) 3 FEAUANMUWITUTU
a sy A L. D) A A ~
MAATILHAIATON semi-micro HPLC Tasldarsazarsveaiad loeotananeimungdu
I A A o o ~ 1Y) 9y 9 90’ o 1 o A
Auanaauin MmMsiaasazalgnasIUNISAUANUINTUAY 6 B MY IdYyYIUNo U
lanunazszauanuaudunasanimsgrnieanududuunuxmazdyarunouldunuy)
A 1 o A Y v 9y 9 ' Y
mﬂﬂsml‘n‘waamzWmﬁt:gtgTm‘nmu"lﬂmJﬂmummmummmﬁazmﬂmmgm(@mmaa 43a
S o ° ] i i Yax o o Y A
FAINLUAIA) WIWATUIUNITUNITLTUDADDY(Regression line) Tﬂﬂiwaﬁﬂmmmuawqﬂ@he
9 Y
19 1 o T o a 4
method of least squares)‘wqﬁmmm%u(Slope)mmauﬂmﬁ'uaﬂaaﬂ mMdulszansvesns

a @ 0 IS J [
Glﬂﬁ‘ucli](Regression Coefficient, Rz) Hag aAALUNU Y a’lu'liﬂu’lu'uﬂu&ﬂmCWﬂ'ﬁﬂ@uiUﬂ’J’ljJ

gnae Tagna lleeniy A1 R* > 0.99

3. amw 1a(Sensitivity)
3.1 %ﬂﬁ?ﬁﬂﬂl@ﬁﬂﬁﬂﬁ’ﬁ]ﬁﬂ Limit of Detection, LOD)

amnsom 1@ Taelddoyan1nn1sii System linearity Tnoldgas

Yy =Yg +3sg
4 (J A o Y 3
1o Y = AN y (a) Amuia lannaumsidunanos
Sy = f1 standard error of estimate,s,

3.2 Limit of Quantitation, LOQ

awsom 1dTag l4doyaainn1sih System lincarity Tne19gas

y =Yg +10s;
A @ A o 9 9y
1o Y = RaALNU y (a) T]ﬂ?ll’)ﬂ!hlﬂﬁﬂﬂﬁhﬂﬁl’ﬁuﬂﬂﬂ@ﬂ
Sy = A1 standard error of estimate,s,

A Y1 Y Y a A @ 1w
lll’f]ulﬂﬂ'] LOQ Iﬂﬂﬂigll']miﬂlmﬁ GlﬁlﬁllﬁWiﬁzaWEJiJ’]ﬁijj’]u‘Vli%ﬂUWﬂﬂﬂ LOQ aﬂu

' 9 3 Y o a Jd o Y 1 Ay Y
Sample blank 8¢19UDY 7 K1 uaam”lﬂamiww AU Y%Recovery g %RSD ﬂ”lﬂﬂ/l“lﬂﬂglu
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7 @ I v g < a ' A ' ' J @
mnuaneansuld nawsaldaniviiu LoQ v033% uasianld lieglunmsiseusy 1%
Mruan 1MiNgInIUaN NAToUANUIIU(Accuracy) HAZAMUINGL (Precision)Iun19g 16

4. ANNYNAD( Accuracy)

awnsom 1d Taelddoya1nn1571 Method lincarity Taaldgas

(C, —C,) =100

Recovery(%) =
C3
c, = ANuduTIYeIRIDg IR T AzANNATYIU
c, = ANUTNTUVDIRI0819( Unfortified sample)
c, = AN UYDIATAZ 10N ST IUTIAN

= ..
5. ANUINYS(Precision)
1 d' = Y A (Y] [ 1 d' o %l g‘/ <
mnuaasnanulndifsesnuroinanaaoudlog e niIMInaaousIaIensa Tagna il
Y ] I S A o o : .. )
%mﬁmmﬂmgﬂaimummmmmumm;@mﬁuwm(% Relative Standard Deviation ; RSD) 1159

duseansnnuusilsiu(Coefficient of Variation ;CV)

SD x100
96RSD = 22320
X
ERIIVE AR ANNAYUDINANITNATOL
SD = ANVEAVULIATIIUUDINTNATO

v
U

Vunaui 4 agﬂwamimaamazﬂmmwa
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UN9 4
Aa v Y Aa d
WNAN1IIVYUASUDIVTIITY

(Result&Discussion)

= a a d' [ U Y & d' =
4.1 Annmriiavesmsazaglesstinuazmanzimmnzandmivliilulangaoui
Tumadia Semicro-HPLC ongnasazagsnasgiumaniivsznouds Tulasyslau lulasy

s1adu Ysladlau waz nasusuiitinea landeunu

= A A A

4.1.1 wamsfAnemaNNeInauiganauasgsga (A, )
hmsazatemaspiunaunlsznouate Tulasysilou Tulasysiladu Wi led lau
ara A Y g a <Y A L. Yo
uay AasusuNHALe NUANUALTY 1 ppm W1IUAIILHAIBATEI Semimicro HPLC Taaldda

o a ! 4 4 { g

ainviaviialila'laloawsd (PDA) #iA1WE1IAAY 190 nm - 800 nm uag lHWamndouiilu
Acetonitrile/ TmM EMIMBF, 711 pH 1111 3.0 Tuea31a9u 15/85 %(v/v) naaanaaalugii 4.1

-4.4
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1 = A o A A A A
ninmnmsganauaaualumlnasy U0 4.1 - 44 TulasysrTyu Taanuenaun

qanauuasgega (A_)2 a1 A, =260nm uag A__, =374 nm lulasys1ladu iannuen

max max 1

Aaunganauuasgega (A, )2 A A_ =265nm waz A__, =366 nm ¥3511%a lau HArnnw

d‘ d‘ A 1 a a0
gnaunganaunasgga (A, )2A1 A, =259nm uag A__, =366 nm Aasusuiiinea i

A A A Y = A o A A
ﬂ')’]ﬁJfJﬁl'Jﬂauﬂ@ﬂﬂaulLﬁQi;f\?q@ (7\4 ) Kmax = 278 nm INIIERZUUIUADNATIVIANAIIUAAU

max:

9
270 nm ADBANINITNANDY

4.1.2 wamIanw1U3uNauee Acetonitrile Myiznzan Jumslidudmmarewanlwla

A A
adUN

Y

Y311 U83 Acetonitrile gAANYT 2 A1 AaB 11 15 % (v/v) 1182 20 % (viv) AB 85 % (v/v)
E { ] T W . o ] E
lsen lesouniiar pH 110 3.0 @eSuApHAIE 10 %(w/v) HCI) 18z 80 % (viv) 1
Ys1an leseuiiian pH 1Ay 3.0 (BeUSumpHAY 10 Y%(w/v) HCD) muaiay

adsnldmadou fe msazmeasgiumanilsznoudie Tulasysilou lTulasysiia
A A ara Aa 9 9 a d Y A . .
ou W ladlan uaz aasusuiinea NUANMGUTY 1 ppm MIIAATIZHAIYIATOL Semi micro

HPLC TaglFdnirniaviialnlalaloawisd (PDA) in1ue1IAaY 270 nm
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mAU
J b PDA Multi 2 270nm,4nm
~
154 ©
10+
b o
. an
- S~
- - ! ©
5 2 ~Il &3 -
T ° cg. l ﬁN ;q
| ; ,| ~ | \ -
0~ .‘dr_ R _.JLJ_ X__ o /_\‘ B
T {
| ! ! 3 ¢ | P s § ! |
0.0 25 5.0 75

min

517 4.5 TasunTnunsuvesansazarsnasgunauilsznoudle Tulasysilau Tulasysia

ou ysTwdlau uaz aaousuilinea Hilanududu 1 ppm Welfaadouiidiu 15% va) o
Y H 1 1 (% X U 1

85 % (vv) 1seenleeounlial pH MY 3.0 @Sua1pH 428 10 %(wiv) HCI)

Peak (1) = TuTasys1lau 2) = Tulasys1ladu 3) = W51 lad lau (4) = aasusuiliinea
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R © PDA Multi 1 270nm.4nm)|
4 ~
4 o
30+
20
T <
1 .
101 ¢ Sg
1% b 9
] % ,‘if*” &
i T T T T I T T T T ' T T T T I T T T T I T T T T T T T T T T T T T T T T
0.0 25 50 79 10.0 12.5 15.0 17.5

57 4.6 TasunTnunsuvesasazanaspunauilsznoudls Tulasysilau Tulasysiia
ou 51 lwdlau uaz Aaeusuilinea Alinnududu 1 ppm s lFandouiiluo % va) ae
80 % (v/v) 1115171910 Teoauniiann pH 1Ay 3.0 F5uapHAIY 10 %(w/v) HCI) Peak (1) = Tu

Tasyslau 2) = TuTasys laou 3) = W5 1ad@ Tlau (4) = nasusuiliinea

H 1 9 4 Y [
vinlasinTnunsulugii 4.5 - 4.6 wunmsldmlanaeuindlu 15 % (viv) a9 85 % (viv)
Y 'd 1 1 % X U 1 1 d' 1
111/51#n Teesunlian pH M1nY 3.0 (FUSVAPHAY 10 %(w/v) HCD) 32 1¥a1nsuennani
naziNoAIN T 19U Acetonitrile T dpefiga Fudenldmadounnlsznoudieliuw

Acetonitrile tNe 15 % (v/v)

= Y v a
4.1.3 Ni';]ﬂ”liﬁﬂ‘H"Iﬂ'J"mﬂlell‘Mﬂlﬂﬂﬁ]ﬁﬁ%ﬁ"lﬂnlﬂi’)i’)uﬂ

Aa A o = =\ a A

asazaneleoatiniinndnyll 1 ¥iia Ao 1-oa-3-wia duian Twdoy wasoels
o d' d' a d' 9 Yy 9 a Aa a a =1
vorsn Tagiumaaeui 3 wila Nlszneualennududuved 1-ena-3-wnaduian la@ey o

i 9
asfopliueisn Nuananu aeae 1il
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1. 15/85 % (v/v) Acetonitrile/ 1 mM 1-0fia-3-mfiaduiar lsndon wasifoalsveisn if
1 pH 3.0

2. 15/85 % (v/v) Acetonitrile/ 2 mM 1-ofia-3-wiiaduiia Imidey was1yjoe lsuesn A
A1 pH 3.0

3. 15/85 % (v/v) Acetonitrile/ 4 mM 1-ofia-3-wifinduiian Tmdey was1yfoe suesn A

1 pH 3.0

v g 4 { a - o Vv . - )
nlsdumanaounlumaiia semi-micro HPLC 8931013 1410V 0.3 mLmin' 1ae 14

[ 4 o 4 4 =
ABAN C, Y11 100 x 2.1 mm. i.d; 2.6 [hm @3993ANA1INE1IAAY 270 nm UTMasaIsazale

NATFIUNRA 1MAY 3 UL Tasdaaisazatenasgiu lulasys Tay Tulasysladu Worlea

Tau waz Aasusuiliinea Nanududu 1 ppm 18 InsmnTnunsudsuaaluglin 4.7 - 4.9

AN
mAU
] © PDA Multi 2 270nm,4nm
4 ~
15+ e
104
1 a8
| b
5] 5 \ s
- N o
] =l @3 8
] E =1 N
4 = . —
S A AT A PA )
L T T T T T i T ¥ z T Y T T T T
0.0 25 5.0 7.5

min

gﬂﬁ 4.7 naasTasn Inunsuvesensazaemasgunauiszneude Tulasys Tou lulasy
s1Tadu W ledlan uas aAneusuiliinea Aanududu 1 ppm  Weld 1585 % ()
Acetonitrile/ 1 mM 1-07ia-3-wiinduiian Tndow mas1yfoaTsveisn fifa1 pH 3.0

Sumlandoudt peak (1) = Tulasyslau ) = Tulasys1ladu G) = Ysrlwdlau @) = nao

usuiltinoa
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10.04 3 PDA Multi 2 270nm.4nrr
] pk
7.5
5.0
] - N
] 9 o
2 S
3
‘. . by
2l B 52
i S
. N AN A
— — S 00000000 :
0.0 25 5.0 75

mir

51N 4.8 naaaTasin Inunsuvesmsazareasgiunauilsznende Tulasysilau Tulasy

s11adu Y51 Twdlan uaz aaousuidaoa NTaNmdNdY 1 ppm  1Weld 1585 % (viv)

Acetonitrile/ 2 mM 1-t@ha-3-tunaduian la@ey wasiyos lsuetin

v
a0

N1 pH 3.0 Hula

PADUR Peak (1) = TulasyaTou @) = TulasysrTadu 3) = Wsrlwalau (4) = anousuiliinea
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mAU

10.01 8 PDA Multi 2 270nm,4n
| o

751

5.0
] . o

2.5+ “I ] 9
] 2
7 | I [ag ’_‘g)\l
: ‘||‘ 25 I°

0.0 (4 AN
N AN AN A S
] "\,“‘/"'

-2.51 v

— — Sl :

0.0 25 5.0 75 5

51U 4.9 naaaTasin Tnunsuvesmsazaronasgunauilsznende Tulasysilau Tulasy

s1ladu W1 ledlau way nAasusuinea AlaNmudy 1 ppmiiield 1585 % (viv)
L. a A a a 2 A <

Acetonitrile/ 4 mM 1-tefa-3-wnaduian la@ey wasiyes lsuesn AlaA1 pH 3.0 e

PADUR Peak (1) = TulasyarTou ) = Tulasysrladu 3) = Wsrlwa lau (4) = anousuiliiaea

Mg 47 - 49 wuh deisanndutuves 1efia-3-wfiaduiin Indeunasnjes
Tsuewn iu 1, 2 uaz 4 mM AurdnnesauguesasHaNI 4 ¥iia Aosnaaat tazAsRiAIM
19U 4 mM

ms1znziusuden 15/85 % (vv) Acctonitrile/ 4 mM 1-0fia-3-wiasuiar lmdow aas

. ) i
Woolsveisn Ala pH 3.0 Whuvlaadounmangauy

Yanes taganse [7] 9511891 vigfoniian liaen(Imidazolium group) ﬁﬁﬂizm‘ﬂumﬂ%ﬂﬁ
a1z luaIsazang(bulk solution) i usiugaindeuuumisaliaatiileleseiindnd
agnlfiududnluaisazaredianIns lad (Electrolytes additive) Tumadiauadiaais sianlns
Tii8a fufusaagl 1 e leveiindniagnlfifudainlunlandonii(Mobile phase additive)

a Y 1 g}/ v J ' [
Tumatia HPLC 3Jufu:,",agm1uﬁ15a$a18LLazgﬂzﬂ§@uuu Ci ﬂaauusﬁ}aawuﬂu
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suia Tydeunan looou (Imidazolium cation) ENITANABGUATNIOINUNY la1-uoa
H 9
(Silanol group) UUNIDAAAGAN(Alkylsilica surface) muﬁm“lugﬂ‘ﬁ 4.10 saviuueansnilosnu
] ! [ 4 1 a A @ 1
vy lyaueaiaelunoauii(Residual silanol) Taod1afisz@nsnmuazlSulegisievesiin

9 ) ) . . A a N YN Y
Wﬁﬂllﬂ‘ﬂaﬂl']aWﬂ’]ﬁﬂ\‘]ll'J(Retentlon tlme)‘llﬂ\‘]ﬁ?ﬁﬂli?ﬁuﬂlﬂéﬂzﬁlﬂﬁ'lxﬁulﬂf)ﬂﬂjﬂ

A B
~CHj3 C4Ho~N.
@ —Cis —Cig
e CH3 —+ ~N
_ OH N\C4H9 . @> CH3
—Q7 —OH
N\C4H9
C4Hg‘\Nj
cuy N
C4H9\N
P W S il CH 3/N
@5 CLm
Hy CHy

‘ﬂﬁ 4.10 uﬁm@u@]:miﬂwmaumﬂmaﬂmmﬂ%@@u“luﬂaauu C, (1]

= A 2 Yy 9 a A Aa A =

F991NMTNAADINUIUNONNANWANTUYRY 1-loTia-3-uaduiial lnaesnms1yenls
vorsn azhldnaimsnsBues lulasyslesu TulasysiTnou Y51 ledTau uazaaousulil

& A Y A a = P A A

ADA anad AesnesUe a1 Tad Tau dnamsas v luaeunsn iWesanise
2 2 Y 9 a A a a = o Ya a =
FUUANUTNTUYEY 1-eNa-3-wnadulan Ixaesuasiyos Isvesn i lvonlan Ia@euuan

a [ an [ ] A o a aa a J
lovownasuasnsenuny lyaueauuiisanaganiuuy Iiihadad(Electrostatic interaction; A
Tugz1l9 4.10) WSemenydanavesduian Tudeunan losoulavnaduasnsowulalas Tria

{ X I 2 = 4 [ { o

(Hydrophobic ~interaction:B1ug1# 4.10) Fuiumsimnimamsvenvuasgiunvilnna

v a A X A A Yy 9 a a a a =
ﬂ'ﬁﬂ\‘illjs’ulf)\ﬁ/q\!i’licﬁajﬂu LWHUN LLﬁ%LiJ’e‘)LWiJﬂ’JHJL"IJiJ"Ilu"UEN1-L€)1/]E1-3-L§J‘I/la’é)1m¢]ﬂ°maﬂmL@]iﬁg!
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3 4 Aa A a o an a adg
e l3ueIsN YuiGoeq duln ladouuan lovousziiaduasnsouy A uazkanlnsaa319oian
a g . . ' A o ' = a I
Tﬂiuﬂlluuﬁﬂi%u(Bﬂayer electronic structure) me’ouqmu"lamwmau%mmmmwm
wa 9 v A Y] an 9 1A Y 1 I 2’, 9
awiatlud noununasuas -3y B dreuanauny A 1dana1) daiunainisndldves
! a <. o aa o 1 . . . @,
asisaulevgdinsziisanaineldouasnseruniulaRepulsive  interaction) HaZoUAT
nsemuylalag TV\Iﬁﬂ(Hydrophobic interaction)
=< a a ~ o [ Y 3

nnMsAnyIMriavesasazaie losstinuaziianizimingaudmsulsniumla

waounlumsuendisazatenasgiy Iulasysrlon Tulasysiladu Wi ladlau uaznaoe
a 9 a = 1 ~ A

usuwliinea Taglymaia lasunInnsveourauuaussousge WU aangimmnzaune

Lytiauazanuuduvesmsazate leoatiniiuzgan Ao 15/85 % (v/v) Acctonitrile/ 4
mM 1-efia-3-wnasuian @y mases sueisn

2.a7ue1naulumIsnsvia MmN aumny 270 nm

: 4 ad .
3.611 pH vouWenpaouN M aunIn 3.0
4.9051M3 lavoundnfoUNNMIZANNINY 0.3 mLmin’

s5.a/5masvesasnaa iy 3 UL

4.2.2 wamsaneszansmumsugnmsazaeanasgrunaniilsznevae Tulasylsi-

T lulasyfsiladu ysadlay vaznasusumtinea

A

anmziilFlumanaass e Ao C, 100 x 2.1 mm. id; 2.6 [m wlandoud Ao
15/85 % (v/v) Acetonitrile/ 4 mM 1-tofia-3-ufiaduiial lsaon mas1yea 1suoisn pH 3.0, 8231
ms laiiiy 0.3 mLmin”, Y1nasasiing 3 UL A5993ATAUE1INAL 270 nm HALAITAZAY
wasgurauiivszneudas Tulasys T Tulasys Tedu s Tedlau uazaasusumiinea

FIF1TaLA0NINTTIUUABLFHATANWATUTWIINY 1 ppm HaaInaadlua1T190 4.4
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A a A A 9
MI1N 4.4 L!ﬁﬂ\‘]’]_]i%ﬁ'“ﬂ‘ﬁﬂ'lWGluﬂﬁL!ﬂﬂﬁWiﬁ%ﬁ']fJiJWIﬁﬂTHWﬁiJVI‘IJiSﬂE)‘Uﬂ’JEJ ”luTm‘ldiﬂ%u

luTassrladu Ysrled lau uazansusuliinea Fedsazateniasgiuuaazatialnnududu

NV 1 ppm

a 4
WITTULADT

U

= = = (G =
[l " (@ Es =

B - R © =2 ©

= = = e r & C r ®©

= - = - =7 r— & = «
K 1.929 2.390 3276 9.683
N 3085 3438 4426 8735
Tailing factor 1.201 1.748 1.543 1.069
o 2.145 3.109 1.974 6.594
R, 6.226 2.083 3.630 17.940

= 4 o J a g S, U dy
mmmmmiﬂamummmwwmmmmmmm@"lﬂu

' 4 A A < a ' 4
1. ﬂ%W\IﬂL@]ﬂiﬂ’NMi} [luﬂim“l/liZ‘U‘]Jﬂii%zlﬂulm‘]Jll’eﬂ‘ﬂi!,ﬂiﬁﬂﬂnmlﬂlﬁ’e)iﬂﬂu‘Q

Aslaegluge 1<k’ <10

2. AMNUAIUNAN(N) AITHAT > 2000

' A 4 A
3. Aunaauames(T) Agia < 2

Y
4. MEBLAAAIA(Selectivity; OL) AITUA1DYTUYI 1.5 — 4.0

5. ANANANIID TUMIUEN(R) AITUAT > 1
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4.2.3 wamsnagouanuly 1aveIs a1z

o A Ay ¥ o 9
ummazmwmzﬁw'lﬂmﬂmma
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a 4
42 nlFlumsnaaeuanulyldueadsinsizs

a Jd o §
aunsaaglraminadounu 1y lauesds Ins1zHaIA1319 N 4.5

A Y adAa 4
M1I1NN 4.5 Llﬁﬂ\‘lﬂﬁﬂ"l'i“l/]ﬂﬁ’f)‘uﬂ’)']iJﬁl%mlﬂ‘ll@\n‘ﬁ’JLﬂi'lzﬁ

a 4
NWITTULADT

= i 4
iy & = =
EE |E T3 g
0—50 — — g ® = &
= z = &
= = = =
System intercept 0 0 0 0
linearity slope 1262+42.65 | 213.4+21.45 3253 972 2583 1613
R’ 0.995 0.996 0.995 0.997
Range(lg/mL) | 1-50 1-50 1-50 1-50
Method intercept 0 0 0 0
linearity slope 1462+0 237.1£0 Ry gl 2782 0
R’ 0.991 0.993 0.992 0.990
Range(lg/ml) | 1-50 1-50 1-50 1-50
LOD 0.51 ppm 0.31 ppm 0.38 ppm 0.36 ppm
LOQ 1.01 ppm 1.21 ppm 1.01 ppm 1.00 ppm




A Y asa 4 1
M1INN 4.5 Llﬁﬂ\‘]Nﬁﬂ"l'i“l/]ﬂﬁ’f)‘ﬂﬂ??ﬂiﬂﬂﬂl@ﬂ?ﬁ?iﬂi?%ﬁ (919)

WsAes - s (=
N & = £
EE ¢ Tz | EE
= = r— s @ = &
= - - G
= = = &
Accuracy
% Recovery | 98.11F£1.10 | 98.81+1.87 | 101.41F1.08 | 102.76%1.69
(1 ppm) (1 ppm) (1 ppm) (1 ppm)
% Recovery | 97.23%137 | 99.42F+1.81 | 98.94+1.85 99.32F1.23
(25 ppm) (25 ppm) (25 ppm) (25 ppm)
% Recovery | 9929+1.41 | 97.09£1.90 | 99.75F1.09 | 98.22F1.19
(50 ppm) (50 ppm) (50 ppm) (50 ppm)
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a
UNN S
a v %4
a;ﬂwams’mmmmamummz

(Conclusion & Recommendation)

5.1 agiwamsIde

2w ! 9 .. a a a a
NNNUITENYN 5019 15/85 % (v/v) Acetonitrile/ 4 mM 1-toNa-3-uiavuiial la
< 4 { a § a J
Aoy wasyfee Isvesn huandounlumaiia Semi-micro HPLC iotas1zii5ina u

Tasys1Tau Wi lwdlau Tulasys1lnou vagaasusuiinea lanfounu nanlumsuendis

' 9
1 o

A0DINYNTUUITUTLHI19DUNA Tas@e AN 1900 U(Imidazolium cation) arHLNUV(Polar

U

a

1 a 4 o 1 a o aa
group) UBIAITNABINITILIUATIZH (Analytes) NUNY lya1uea(Silanol group) UUHIDARAFAN
o a 3 . Aa o [ a I

(Alkylsilica surface) ¥ liAan1suendu F99n1uivenuinmslgasazate lesetimiumla

A ~ 2 ) a P ) ~ P o v Aq YA
wasunuulinamsnszingndsaaziiesnsslunaaniduneeusvla Tasan1izildne
@ [ { 4 [ Jd A
9R31715 141 0.3 ml/min; AF29IANAMINGIINAY 270 nm; ABANUFUA C,, YUIA 100 mm. x 2.1

d' a o =\ (] (] o [

mm. Tagm3sainszd lulasys11esu § % recovery 08119249 97.23 - 99.29% (n = 6) d1%51
o 1A a . = Y 9 A1 A o Aax
A0 19N AN (spiked) N 3 ANUAVNTU( 1, 25 118 50 ppm) UAIAMFANITNATOUAINIIOATID

4 P . 1 W A1 A o Aaa 9 ' =
& (Limit of detection ; LOD) 11111 0.51 ppm taziimaiadiganisnadoy lauaz1ea1ued1ll
ANYNABIAZLN UG (Limit of Quantitation ; LOQ) M1 1.01 ppm A1 system linearity 9§
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(Limit of Quantitation ; LOQ) 1110U 1.01 ppm u system linearity agﬂmhﬁ 1 - 50(R* = 0.995)
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G]1f:(ﬂ1/]’)‘ﬁ1/lﬂﬁ’é]ﬂﬁ1llﬁﬂ§liﬂﬂul@ (Limit of detection ; LOD) 110U 0.31 ppm HASUAUAMNTANID

nadou ldnazeuedeinnugndeuaziaiud(Limit of Quantitation ; LOQ) M1AU 1.21 ppm
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