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k7 <~ 77 4 —HE&®5HE (liquid chromatography mass spectrometry, LC-MS) % F > C ZIRTT
suX N7 T A HRE TR TE 2 FEEMTE L. BHORELZS00 T 2%, The
NOLCMSWEZ U~ M7 7 2% WET 5. 4 ONTARFFREH, 14+ >0"-E (n/2) &4 4 VBEDT—
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BEOH MS) &, M) v 7 ASHARL —W—iskA 4+~
1t (Matrix-Assisted Laser Desorption/Ionization, MALDI)
RPrLlL 7 A AT —A4F b (Electrospray Ionization,
ESD DX )%V 7 MaA + AALEOFRREIZEY, EkES
F72FTh AT T OFIITB T HHEERTICHW
5NB &)1 - 72", HIZ MALDIMS 1345 T-555 1 O
THME 5 2 57215 TH <, NMR R IR OZH7 Tlak A5
BRI T 2 MRS TFORmROERERL &
ATE %7, MALDI TIE, UV L —HF—H2WIT %720
CHEES M) v 72 2V, O3 M) v 7 A5
WNEDIEEWIIHLTHELAZDDZEIRT ZLEND
BY. 207D, WERWASRESTRRAWIINL
THERRS M) v 7 A, B, h T+ Al oR#EIC S
RKOFGNEET L. 5FEISBE (M,/M,) SKRENEE
A TFICBVWT, FTFEROENICE DA F AR
0T, EMRSTRSAIEONEW. 207wz
T hrHER EOHLEET AL ETH 5", MALDIMS
X, TOEMEPrL U NI T4 —EF VT VTHRAE
T5IEDBEHTRVDT, MALDI £ + LEDHK 2
0~ 7574 —ERGH (LCMS) O I L',

—J, ESI R KAEALP A 4 1t (Atmospheric Pressure
Chemical Ionization, APCI) X, 7 u~<xbtr57 4 —¢H
WA d 74 VTEGIIERTED A4 VLETH
%" ESLIZEME DB LAWK LTHER B A A+ AL

VBV R AR AR A A TR 564-8680 R BRFFIK H T 1L AT 3-3-
35

P HAS AL TR A 567-0052  KEFFRARTEIL 2-13-1
P HEALE LR A 2748517 T2 AE T FE NS 7221
YEEBKRFRFERY VAT ) A Y ARFRE 7708506 i
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ETHY, BATEOGEET T LTEAliA4 & » 2534
B DT, RATIREBIIVE BT ET LA O U EARE R A
¥ F Ty TROSHEORHATRETH 2"V APCHIZ I
BEOLEWITT L CTERRA + bETH Y, AES
FATHLTH 1flif A > B FEEEWTH 2.

JEAE, LC-MS A3E 8 4 T DR AW R O R S fRAT 10
LCHEICHDETETHL I EBMESRTHEYY,
BEEGT O a~< Mg, — R A ZHR s u<
F75 74— (SEC) ZHWHTRIZL A5 Tbh
Y. Lal, WA T AR T A% 725 8EAT
bR ELH LY. ZNHORMEBIIEEICUVR 7 4+
FFAF—=FT7LABHSRTWEY,
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HORRD N T L ZMAEDLELLCX LCEIIZX 5 ik
DPEENTWRY ™ oM ON T LEL VT4V TH
Bel, —2HOD (st) &5 A THEEL 72iEHER % — &R
TEIZZOHD (9nd) T ATHEICHE - WIBT A, &
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Table 1 Sample structures and their number average molecular weight (M,,)
Sample name Structures M,
PPG
PPG-H2000 HO{CH@HOk H 2000
CH;
PEG
PEG-H4600 HO{CHAHQO>7H 4600
n
PEG-H3200 HO{ CH.CH,0 }-H 3200
n
PEG-H2000 HO{ CH,CH,O >>H 2000
n
PEG-H1000 HO{ CH.CH,0 }-H 1000
n
PEGMe2000 HO{ CH.CH,0 }-CH, 2000
n
PEG-Et2000 HO< CH>CH,O >> CHyCHs 2000
n
PEG-co-PPG random
PEG-c0-PPG-H2500 HO@mqm—/—aumptH 9500
CH;
PEG-0-PPG-Bu970 HO{CH4¥K**/"CHJHEO%TB“ 970
CH;
PEG-co-PPG block
PEG-co-PPG-H2900 HO{CHJ?“3i1<CH*HhO>;H 2900

CHs;

a) number average molecular weight

M (R), m/zfl, A4 VREOT—F2GoN5. Fho
DF =7 ZFMELL, m/z lHEFGELICLTCZEhZN M
HDOH T AOEERFEICOWTIHA K ZER T 5. =D
Po2D 7 u= 7T AIEREE CTHREICERTE 20 %
boTwad., ZOMNFEOAEEL 10 HEHORY) =—
TV OREWEEE TR 5.

2 % B

2:1 & #®

FEERICERV T —=FVTHLR)ZFL 7YY a—)
(PEG), Ky 7u¥lL 27y a—) (PPG), PEG & PPG
D7y 7 JIT T AIR) =% 7z Table 11
FEBIZH W2 10 EO G E 5T 2R 3. Table 1 DK
133 XT Sigma-Aldrich Corp. 2*5MA L, HHOET
Gfm (M) EA 5 asfichsb. KT Milli-Q SP
TOC WK LR (Millipore Corp. #) % L7z, B
M7 yE=Y L, A% /=) (HPLCH), 7Foe ka7
7 v (CAREWM), 7 =1V (HPLC H) (ZFGH
EEOLOEMP L7z, R Z—F kg, 7+ b
= MUV ERWTERE 0.0l mg/mLISRBE L. 2hbo
WEVEHE, HPLC 234 7112 200 pL-$¥2 AR TH — b
¥ 7=ty L7

2-2 KERCAEERME

LC 1% Accela (Thermo Fisher Scientific Inc.), ZE&55Hr
KEIITFIAF - Ty TREH Wz, 7
TZE#aHI D Exactive (Thermo Fisher Scientific Inc.) % fii
AL AF MEEIZESIOEA + Y E—F2HW, 27
L—8E470kV, F¥ T —iE250C, FxrEFY —
BEBY, F2a—T Ly AEBEI0V, AF~V—FEE41V,
B &5 R RE 100,000, EEH#PH m/z 200 ~4000 THIE L
7z,

G AT A, WA T A Inertsil C84 (5 pm 2.1 X
50 mm: Y—IZIVH A TV A) ENEMHS T L D Inertsil
HILIC (83 um 2.1 X 250 mm : ¥ —I VA T R) # i
L7z ¥t A 5 20508, BEIHIZ 10 mM BEEET ~ €
S LKW (BIEA) TR PPN/ F RS RO T
FUREBW (1/1v/v) GFEB) 2w, 77V b
X3 HRIEMEB % 5% 12, 3~18 40 CHEM B % EAMIC
95 % ZHER° LT 2340 THEEB % 95 % DIRIEIZIR - 72,
FElZ 0.2 mL/min TREW L7z, NEM A 5 2 058 Tid,
BEMHICA Y ) — VAL, #iElE 0.4 mL/min D7 A
VI TT4 v 5B TRER L. BA MRMEBEIL 50
mM g7 ¥ | =7 AKIEW E VTR 0.5 mL/min T
B L7z 7T AEEI 35T, REHAROEARL 10 uL
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Fig. 1 2D plots of LG-ESI-MS for PPG-H2000 using (a) reversed and (b) normal phase columns and (c)
psuedo 2D liquid chromatogram integrated with the two LC-ESI-MS data using the different columns.
Abscissa axis and vertical axis of the 2D plots are retention time (R,) and mass-to-charge ratio (m/z), and
color thickness is ion intensity.
Thhb. WM EMTEX 2D 5. BIZ, m/2, R, 1%
YBEDOT =5y oM 2D Zuv k7T AR
2-3 Hl 2D 7 O% b T 5 LDIERK THOT, REZEETUELT—F, @EICHEL:

AR CNEM A 5 2% W THELZZRY) T—F VD
LCESIMS =% ® m/z, R, A * VMEOT—F v b
% SIEVE ¥V 7 b (ver.1.2, Thermo Fisher Scientific Inc.) %
AWTERZENEELT 5. A F VlBED ) L L)L
BB RHICRE L2 ET, m/2 Ml 5 R EAF VB
Dy V&N T HZOWTHINT 5. m/z % R
717 A0 R, (min) Z{EH, Hihe 5 LHAREIERT 5.
BIZIE, m/2906 DA F 75, HtHA T A TIX R =15, |
AT LTI R =3.0HHINEE HAKTHS
LoD 70~ b 75 AIEEE (15, 8.0) I7a Y b &
N5, BEPERBSTTHLYEE, ML RICBITLE
WANRY MRS TRAMGEHDEDTA+ Y OE—I7 ¥
WL Y, $RXTO m/z %70y b3 5 EHL 2D 7
O k7 ADMERENE. TOFFEX, EHEDLCXLC
HWEIZHART, Z2o0 LC HOMAPVIT A —F —Fi%
PEELZVOTHETH S, LELF—FI1, MILT
LCMSHIETIEONE oD a~< b7 5 A2 5DT,

Fo IR LTHHETE S,
3 MRMUELE

3:1 RUFOEL>TUI-ILORR

S 5T-R 2000, K¥iHIZ -H, -OH % %2 PPG-H2000
(Table 1) IZ2WC, A T2 (HILIC) &#tHA T A
(C8) 72k ED LCESIMS 7 1< b7 J A% Fig. 1a,
b IZ/RY. Fig. la, b OREEIIIRFFIRGRT, M3 EEE <
LTHBIZLDmEZRLTWS., HMAHTFLTIER=
10-18, m/z 500-3000 fi3E, NEAH A 5 4 Tid R, =1.62.2 12
ENENZAMA L (2=13) PBHEINLTWE. Zhb
D2OOWET = oo/ eD 7u~ b7 A4
% Fig. 1c \IR S L 2D 7 0~ 7' 7 2 okl EAH A
F LD R, WHIZNEM S 7 20 R THS. #B 2D 7 u~
FNTRIZBWT, A4 i (Bl R, HE#h R) = (1020,
1.5-2) OFEICRES N, =004+ U HICHEEEhTw»
5. INBIz=13 DEliA & VIS T 5. ZOFiED
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Fig. 2 2D plots of LC-ESI-MS for PEG-¢co-PPG-H2900 using (a) reversed and (b) normal
phase columns and (c) psuedo 2D liquid chromatogram.

MRESIL, W U O A o » THARINA o+ ~ ofsE R 2%
Al m/2EBRRE LD, RolzFloD 7ux 7T A
ZH5E2B2ETHDH. AEETTOESIYAARY FVT
X, [M+Na] & [M+K] O &) 2EOMmA 4 > 28
LIFLIEFRIRICBl SN G, F/2, 79 2FEICL - T
WESMEZETT 22 & TRINA + » OREIED 256
bHbH., ZOMEEBTLOC, BT Y E-Y L%
BHISRIMT 5%, XZ, FA M5 A EOBEICRNT
LHERRHAL:. FOME, < AAXRZ MVHIZIRT ¥
EF= AHINA F v OARPBRIS L7z, FP2D 7 a< b
75 L3E, NEMH (HILIC) &#MA 52 (C8) ORI D
T TR EINEAFT UDBFEL m/zETHYH, <A A
X7 MVOZRSREEDE T LI OFFEIC X DA
BETHEI LT hor.

32 PEG-co-PPG 70Oy 7 AR~ —DO3 R

S 5-T-8 2900, K -H, -OH % $§2 PEG-co-PPG-
H2900 70 v 7 IR <— (Table 1) AWV TEREZIT-
72. PEG-co-PPG-H2900 D FEERFS R % Fig. 2 1IR3, #HEA
2D 7 u< b7 7 4 (Fig. 2c) Ti&, #tAh 7 2 THIE
724 %~ (Fig. 2a) & R = 718, kI # 5 2Tl (Fig. 2b)

R =1.623 O#MPICREINS. #HH T LD R =713
KB ENTVEA F I, SAARY MU S m/z=
500-1500 @ PEG-co-PPG 70 v 7 ARK) v —Tho72. L
AL, Table 1 ® PEG-co-PPG-H2900 TP M, i & Y 45 1-&
AWHEVDOT, REORGTFREREFTHELEEZONS.
LaL, AT 22 HCESER, SAAXRS PV ET
COBRGTFERGDA F VIZBBTE Zd o572, PEG-co-
PPG-H2900 T & RGF R KT DA & H3 [ ULRFERE
BCTHEET AT, BOLLVESFREEG DA+ ViEA
FUH Ty va RO I NG o b Dk
Eribhb.

PEG-co-PPG-H2900 THEHDHL. 2D 7 1~ + 777 2 (Fig.
2¢) &, WIRD PPGOZB< 75 A (Fig 1) IZHART
AFroFsay MEE (16-18,1.62) 13/hEL, Favy M
b4, T, S EEMZ a< + 277 4 (Fig. 2a, b)
DRAARY MIVHIZHEBT 5 m/2 DA F V347w
72O THhb FTOHHELTROIENNEZOLNS.
ESI-MS (5 Fik bt & 2 i1 4+ > & LTHRINT 5. Fig.
2a DM 7 < b 7T AT, 24D A F ¥ B LUK 5
HEENTWAR, JHHZa< 75 AT 244+~
VRSN TWiRw, Lo, Mhoru~v b7 A
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Fig. 3 2D plots of LC-ESI-MS for a mixture solution of 10 samples using (a) reversed and
(b) normal phase column and (c) psuedo 2D liquid chromatogram.

BT D m/2 DA F v, T, FHEA T LTO
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Table 1 DFEL 10 FH D 0.01 mg/mL RGER % T
[FIBRIC LC-ESI-MS #ll5E %47 - 72. Fig. 8a Oz o~ 7
FATIER =1, 68 DfFEIZPEG A & SRR S 7z 78,
ZEAEDAF VDER > TLE o TW5DB DT I
ThHotz. /2, R=1, 68 LA ULABPTHLPICRLR S
PREFRFNCAR SN BEBEAHTH 5. R =10-18 12
PEG-co-PPG D A % ¥, R, =1520 12 PPG 1 * ¥ 25 &
N7z EMH 9 A TIE R =1.7-2512 Table 1 $XTH A %
YANEM L7 WA T AL B 6 IO PEG 3L AL
LTWBDTHEETE 2dolz. #MH A S5 4TI PEG,
PEG-co-PPG & PPG D ENENZ i CE&7-. LHL,
Mru= NI 2005 E 0 Thholz., TDDIC,
FNEFNORBIHTEZ7U NI TLDA T VSR, =
1725 ICE > TR S, ZoZo07uv bo 57—
F o8 2D 7 u< b7 T AR L7 (Fig. 3¢). <X
AR Mhb, KA L BIE 6D PEG THAH.

BT HEDITHHENEART 5RO, BleD 7u~ 7T
ATHHHETE TV, 8 C & D & PEG-co-PPG D T
VHEATEIWE TRy 7 aRK)I—Th), TNENIT5
WZHEEE R, vk Tay 7 ARy v —DENDHT
T& HHATLATETI VAL TRY 7 aRYI—0D
SEEARTETBY, JHHA T LA TIES v FLaaR)<—0
Ktk & T RBROBEAPFEETE 272012, BIF R EM
9D 7 a < b5 ANE SNz FEIEF i D B0y
PPG-H2000 TH 5. TNHDHMEREHNS, #HMl oD 7 o< k
S LFEICEY), R —FVOREWREHI BT
DENZ K BGMOIERA TR TH Y, R < —fTICH
HTHDI D07,

10 EFORFOMEITE ) ~—2=>y NI PEG Xi
PPG Z i L, KR PHIFENRLDZTTHA.
ZD7=0IZ, SliA & Y BHIET BHEEE, —2D m/2 D
A+ L THRR D R VLA F v OBIZTHRsh
5. I m/ 2 BHH LTS D—D2 L7 Hy NTE
BVWODT, 2D TF—=7D7ay bOEPLRL D, L
L, 1fEOR) -0l 2D 7 u~ F7F A DHEL,
FDEIBREMA F v OBBIERINL. T, RET
LR ORI T A icoN T, Zilif 4>, 14
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U'PPG O 4 FHEHIZ T M - T35 2 &A3CTE, 20
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Lk, BEESTOREYWOIRE S TS TILEW DL
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mfEcx s,
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Polymer Analysis Utilizing Psuedo 2D Liquid Chromatogram Integrated with
LC-ESI-MS Data Using Two Different Columns

N 1 . 2 . 3
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A simple and rapid method to provide a 2-dimensional liquid chromatogram (LCxLC) was
developed for the characterization of synthetic polymers using liquid chromatography coupled
with electrospray ionization mass spectrometry (LC-ESI-MS). Two sets of LC-MS chromatogram
data using two different LC columns were prepared in property. The elution time of each chro-
matogram was plotted based on ions with the same m/z values, to give a scattering diagram of
pseudo 2D-chromatogram. The application of this method was discussed to separate and iden-
tify a mixture of ten different polyethers.

Keywords : two-dimensional liquid chromatography (LCxLC); psuedo 2D liquid chromatogram ;
LC-MS ; synthetic polymer ; ESI (electrospray ionization).



