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A 17 Fhefed LA 0 22 (R)-3-bromo-2-methyl -1-propanol i {7
IVE R AR R EREHEF By EEFEELHF M ESS s B R
F - &4 2 LIN(CRSOp 2 i W BARiE FIE 4 23k F b At R I 55
KB EMZ RS R o R HE S R T 5 (R)-1-methyl-3-
(2-methyl-3-hydroxylpropanyl) imidazolium+ NTf? 12 4% i % & (static coating) =
FoBEHERL wmE (R &R 10ms o 250 pm > ¢S 350 pm > 5 ¢ 0.66
um) EE 1T 5 F 48 & 7 (gas chromatography, GC) 2. 4 &8 1 $* #4p § 223044
pr A i 2 proeepg (di-tyrosine)sns 3 > 247 R 5 0850

Tk - Badp kR 6 R e & TR R 5# &(liquid chromatography
coupled with inductively coupled plasma mass spectrometer, LC-ICP-MS) 514 &4
MRk s fe— AP K 47 ¥ ti(Zorbax C-18, 4.6 x 150 mm, 5um) > i 4p &
$ 3 3 %% 5mmol L™ tetrabutyl ammonium hydroxide {= 1% (v/v)
methanol 2. 50 mmol L™ ammonium acetate/acetic acid buffer (pH 4.72) ik i
T > 2 0.8 mL/min Z_ ;i #- glyphosate, glufosinate, fosamine, ethephon %
FEF W &4 B e gt e

BEAE s R E BT Al AR s G 2 R~ BT AR A
AP TREE 3 A

Abstract

A new type of chiral RTIL has been synthesized. An optical active anionic
ionic compound is prepared from 1-methylimidazol e react with (R)-3-bromo-2
methyl-1-prpanol, then the result anionic compound is mixed with different salts
like LiN(CF3S0Oy), to undergo ion exchange reaction, and to form optical active
RTIL. The new RTIL-coated capiliary was prepared by the static method and
investigated for performing the separation of enantiomers of N-trifluoroacetyl
-O-alkyl esters of dl-tyrosine by gas chromatography.

Otherwise, this paper describes the approach that simultaneously separate
four polar, water-soluble organophosphorus herbicides, i.e., glyphosate,
glufosinate, fosamine and ethephon. The target herbicides were separated
completely by ion pair chromatography on areversed phase column, (Zorbax
C-18, 4.6 x 150 mm, 5 pm), with 50 mmol L™ ammonium acetate/acetic acid
buffer (pH 4.72) containing 5 mmol L™ tetrabutyl anmonium hydroxide and 1%
(v/v) methanol flowing at 0.80 mL min™ as the eluent. On-line inductively
coupled plasma mass spectrometry (ICP-MS) using a quadrupole mass
spectrometer was employed as a sensitive and selective detector of the effluents.

Key words: chiral room temperature ionic liquids, gas chromatography,
N-trifluoroacetyl-O-alkyl esters of dl-tyrosine, high performance liquid
chromatorgraphy, inductively coupled plasma mass spectrometry,
organophosphorus pesticides
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% ;%% (Room-temperature ionic liquids, RTILS) 5 — f&% Zh43T &
R EROBEOHERD - ZF FWTRATER IS AL T LA 2
S AE > v P REET unz%ﬁm A3 % [l 2] - RTILS & 4 2h35 % ~ 24
BRI R B r’v’ﬂé‘u;f% THE r;gr, BET BN @;me WiARlm XL %F W8
(green chemistry) =32 ;4 #%| - RTILS r’v’ﬂ'#?» Ve (ﬁr&;ﬂ MAER BRI S A m R S
BEREEAE )T U G 1‘#‘5 AR TR i AR A R ch A T Eeindd
CEHE Ry TR RTILs & 2 14 B3 hRTH 0 7T ARFE 5 “Designer
solvents” o P @ v i* #}t%/ai’* S I A AL LR S F i
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2h A, TP oa g 4 iﬁ 73 rs;ﬁﬂw?’z ik & & B3 o e Rogers & 4 Pl 4 B
RTIL F BB benf 487 m fhimd S8 3 2 & B S od > B0 5
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RoFREHAMESE L TG T B s Bl IR EE[4]d 0L mE
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15 HMm ﬁ&-ﬁﬁm?p\fi*’/ﬁ‘ B AE A P T -RTIL #4p 0 88 17 5 B R a0
Gyt R FEH T LA AT s r:}FI~ 10 BE ’EL &g T3 & e 4o Francois & 4
Ead BHEM-RTIL - 40~ 7 5 B i g o #;;q‘*f%?&rggCarprofen
4= Suprofen 382 58[5] -

AW S ERFT I H 2w BREEG S SHWCEL L i dip * |2
7R LR gER ‘é-‘%’?ﬂ a‘i M-RTIL ¢332 7 AL rmd]E » EREY
H.g*ikﬁj’xm"v\ B LR FHRFEP-RTIL 40 &8 B3 % p fr| 2 8- %
jﬁi MORAFEA o ;g;‘;azm % R EH-RTIL 2 £ g 117 5 GC 2 4

'gﬁ vl B AR AF M T R R E-RTIL TR 0 i drg
FIP AR R DR o A s RS R TS f AR R AT AR e 5
% [6] RURNT - )*%[7] i¥ ¥_7 # OPPs (monocrotopos, mevinphos, phosphamidon,
omethoate, methamdophos diazinon, parathion, phorate, malathion, fenitrothion) it %
BIREA YT o Frg BT 2 GC-MS & 31 | » 4ra iz 1 LC-ICPMS & 318 2] »
REFIA Py BB 3 R Y RS chy IR RIT L RApP K AT IR AR 0 2
LA T He P ¢ '»ﬁp 1 |CPMS ¥ i o 3F M3 10%(VIV) § #805 &E > > “r i feF
B2 k(8,91 o LB R 4487 pET & - -glyphosate, glufosinate,
fosamine, ethephon - u i H R TR BT A Y o
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ARE G AT 0% & fwp don ¢ Polymicro o AT F LM%
50z 3B3um -~ 250 um s E R 10mM 2 e B E S mp o H
2 5mListst it HAMILTON 2 7 i o * 03¢ r 2 2 3§ 2
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SEAPERMHETAVAA ST AFRONE S Eium; 25427 C
AEApER CHEmgmL;p R AE  H = gmL] & EApATiE ﬁo"@llg
B %= & 7 z(dicloromethane) & % #|(TEDIA » ABSLOV &) > di=rc/

T % A kR W
p(g/mL) | C(mg/mL) | (um)

(R)-1-methyl-3-(2-methyl-3-hydroxyl propanyl)
imidazolium NTf*
Z- S HEP-RTIL (v 58402 = A1 5
3. 1 fk pl en T 4 A 3
T~ 11%[10]3; = &;kié etk iy T -2 3 AR (4 mL)& Acetyl
chloride(1 mL)/w £ > BopliR £0% 500 pL 4e » 5mL e A g Eg Y o £
ke 04M el ek R 0 B 0.1 M ek iR oK B R SOOuL feox bt
2.5mL end) A kg o BgE E R L A 100 CHEF L PF o FE
F A2 BB 0 4o 500 pl oo D|chloromethane £ e x> 100 uL &
Trifluoroacetic anhydride » =+ 5 /8 @ # % 10 ~ 45> L e F £ 52 3 o 4
»~ 500 L sn-Hexane iz f2 L3 k= b a J 4 8> W E § ez 3 3ok
EPAF R A EH BB R p e T K vk B2 S
RS $ K N R S S E S )
i * AL Tyrosine /74 {8 2 B ide s Bl = o

cm—@— CH— COOCH(CH;),
|

NHCOCF,

1.60 8.45 0.66

Bl= Tyrosine i72 {2 %4

4$Pi?%ﬂﬁ?ﬁﬁﬁi%%é%ﬁ%ﬁ%—*@%%ﬁﬁﬁ F
10 & 17 ik (Gas Chromatography) = Agilent 6890N » #7# & 41 2 £ g ¢
ﬁ £ 10m> p = 250 um> %5 0.66 pm’ "F F 5 Yor f 4 (carrier gas)
e E 0.8mL/min > i B BB (detector) 5 v & #5414 jp| B (Flameionization
Detector »FID) > & § 40 mL/min > 3 % 400 mL/min > ji&f o 2 7§ jp| &
BRER S 250°C o 2 i (splitless)ir s o5t e

(=).-LC-ICPMS*: 5 #F 1t & 4 el 3l *

1. 4#7 8t & 5 -glyphosate, glufosinate, fosamine, ethephon B
Chem Service (West Chester, PA, USA) » & 98% - # fLif % & el =
1000 g PmL™ 2 65 ik 6533 ACRB T B ¥ o oL 4485 AT
£ 2 ok 2 [T o



Table 1. Chemical properties of herbicides of interest

Molecular
Herbidide Chemical name Chemical structure PK, Prime metabolite P %)
Glyphosate N-(phosphonomethyliglycine 0.78,2.09, 5.96, 10.98 Aminomethylphosphonic 1832 169.1
’ vDgly o o ’
! acid (AMPA)
HD—IB—(‘HE—NH—(‘ n-l—om
OH
Glufosinate DL-homoalanin-4- 20,29, 98 3-Methylphosphinicopropionic 17.10 181.1
(methyl} phosphonic acid o o acid (MPPA), 2-methylphosphinicoacetic
HCF#‘—CHTCHE—“:H—C—OH acid
CHy NH,
Fosamine ethyl hydrogen — Carbamaylphosphonic acid (CPA), 2023 1531
carbamoylphosphonic acid T unstable and degrades further
’ Ho—b—tnim,
O—CHCH;
Ethephon 2<hloroethylphosphonic 25,72 Ethylene + phosphate 2143 1345

acid

Il
HO—P—CHyCHy=C1

OH

2.LC-ICPMS % g ik 2
HPLC z_ &~ g¢ fendi o - PRFA #1852 ¢ B (0.3mmi.d; 10 cm

length)ii £ 3 ICPMS echfs (v 2% + » H &1

CREE f R



# = LC- ICP-MS:t3 24 iTik &

| CP-M Sinstrument

Plasma conditions
RF power

Plasma gas flow
Auxiliary gas flow
Nebulizer gas flow
Makeup gas (Ar) flow rate
Sampling depth

M ass spectrometer settings
Detector mode

I sotopes monitored
Sampling time
Acquiring data
Analysis

L C system

Injector
Column

Mobile phase

Agilent 7500a quadrupol e |CP mass spectrometer
(Y okogawa Analytical, Kyoto, Japan)

1200 W
15L/min
1.00 L/min
1.04 L/min
0.00 L/min
7.00 mm

pulse

31P

0.15 s per isotope

600 s

Agilent ICP-M S ChemStation software

SHIMADZU LC-20AT (Kyoto, Japan)
Rheodyne 77251 (USA), sample loop 20 uL

Zorbax C-18, 4.6 x 150 mm, 5 um (Agilent
Technologies,, USA)
5 mmol L™ tetrabutyl ammonium hydroxide fr 1%

(v/v) methanol 2 50 mmol L™* ammonium

acetate/acetic acid buffer (pH 4.72)

sk 5 0.8 mbL/min
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BE R F TR 0 RS S e AL R
MBELERFFEZfE T o R FEEIALER 1IS0TC o nE 24 10°C
2 AR F e d 250C o A B B2 T A4oB = 977 o (R)-1-methyl-3-
(2-methyl-3- hydroxylpropanyl) imidazolium NTf* # et f 2147 &
Fh6Aais W20 CHE B AT F g e v K83
SUBLENH] bo iR] R A Pt R T oig e o

AP AR R - HRSRIRAE:0.BmLimin -

HERHR A HAHER 150 °C > Ll
340 °C2 FHE SR MMEBAE 250 °C -

T T T .
g 2 10 min

SEBAR L A0 12 B
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W RS R A et o F R FE 22— WEF W e
oo $HA B G ADT £ e b ok ARAE > B R R
FE o RF LR CUE R G FIEA A en T X AR B R g
22 At —F AT BenF KAt E LY o FAAWELER Y
025um 2 050um - £ & 5 30m> i & &% A jndUR & M 300 C 2
HE o HIIR R AR B 300 CHEn D 0 E #APRE S 0.1um
2 A AR EEar s 2 F42 £ RE ¥ ¢ RUe 9101 15m £ [11]

AFEGY o A F 25 R 5 033um - Ble 5
(R)-1-methyl-3-(2-methyl-3-hydroxyl propanyl)imidazolium+ NTf2—
Ho 4 r A s enDL-Tyrosine 2. & % o et @le -(a)¥ F R A 454 2
fRATR LA G e LA AR A T2 (T 4 A g 2 W
5066um c Hja4r R F T 0850 hoBlw (b) o FAM T 2 F 1L 4
E % % 0.66um °



"] (a)fEE 0.33 u m
120 e \N@\N />/\0H
100 4 NTH: H™ CHy
] ' ﬁm:w@clu—coocmcn,h
1 NHCOCF,
o]
1 L =
= 0 H H : s i
ok (b) = 0.66 7t m
120
100 -
] JEATERRE R o L - SR RE:0.8mL /min -
o0 LR RERR 220 °C » BUESE10 °C
o] 2 FHESE RINEAZE 250 °C » 105348 -
0 I I I SI 1:) 1‘2 min

Fﬁll *ﬁiiﬂfﬁf "s—%ﬁDL Tyrosme/»\ﬁﬁa -

3.DL-Tyrosine 714 4t
(R)-1-methyl-3-(2-methyl-3-hydroxyl propanyl) imidazolium ' NTf>~
FhY O RPIFHHBRT SOt T AR EFEA L TAL
- ﬂlnteractlon~’”4g \,ﬁ»"’?l/#ﬁ;]/ﬂa-}-'""mmf 3 ? ‘ﬁ"l‘{"%é;é_}é‘f’l

T Av 2777 452 Hydrogenbonding =4 b 2 @ i 5 > HREL
wi% ° Tt #F AP a DL-Tyrosine i7jiz47 & % 0.85 » 4Bl T #7577 ©
D-Tyrosme -Tyrosme
120 N A
100 ] \L/ Rs=0.85 \{, CHa

20 o

FaxritH
OH—(  )—CH—COOCH(CH,),
|
= NHCOCF,
a0
S

20 =

T T T T T
o 2 4 i g 10 min

" L-Tyrosine

120 4 /

7 AT IR ¢ L - S EEEE:0.8mL/min -

&0 LR ARSI 220 °C 0 LigRE0 C

a0 ] FHEEREANEAE250 T - SEE105E -
MO

o

B I DL-Tyrosine t¥+¥ #F4p s 3i7 5



(= ).LC-ICPMS ™t Zz g5 #8 14 & 4 chk B *
d g2 448 F a1 & 4~ -glyphosate, glufosinate, fosamine,
ethephon FIAARRAR FP A AT pHEEFF L TR g0
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BET o
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]
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D 1 1 1 1
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Retention time / min

Bl F e & TR e M e 2 AR o A R R B
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