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4 <
&
4 ©
1257 s
] «©
7 @0
©
4 wn
1007 @
7 el
] ['4
75 3
i ~
it
© ~
1 2 5
507 g o
1 8 8
~ o}
El ‘ [ 4
257 | g
] | )
] | 4
1Y A
o ) i
1 N, H
1| N\Mﬂ‘ (- (\
-257 | ,
] oy ULJ/ \M“M“
_5077

10 20 30 40 50 60 70 80 min

6 e iEE

BiEKM

SEApERREEENERSEAT), RAKK203m, fRERE

@3EFE . Agilent Zorbax SB-Aq 4.6" 250mm, bum

T ZEAREEA, 01%BEA R HREIEB, 0~26minA20%, 25~60min A20-9-40%; 60~ 90min A 40-60%
TR TmL/min

i 30°C

HHE. 100

3 IhEE

KER MPoroshelll20, ARELZBEANEARELENLNEASETR 1. ASEHRIMASEHRe SMET, SEREEHALL, HHHEN
HAFEEREMTO0%, —RAHBAMBOOmMn, ERETEVNG, SEHNKREATASETRRAD ARRFHEEH (Agilent Zorbax SB-Aq 4.6*
250mm, 5um) ARLEDHTE EANAFVEFEEIREE T 40%, HUBEERER. ZENTRERE. KAERD, FEfERRNRNER &R
SABR, RESTERRNIENTTR.

14



fE&

ER

NE IRERAARKNER
ik SIHEERTILRAERES
fR%5. 210008

HRFE . clidc@sina.com

B1E. 025-86632807

3% FPoroshell 12068 i kR 1E 47
BEM R PRERENEA, B, CRIARAES

R F G
B

X
HPLC; Poroshell 120; $RAMEEA. SRAMWERB. RAMNEC, ARNE

E

EER, RAEMRIOBENERRBBRETICIET RAZEENONANE, REHH AR
EMHREROGMOAF, RERLARNIN, TRT AT MRE R K M5 R R hkag
HSIEMERE, BUK. DEBERRK. TEHANEPNFELNESEHE THERARER
Wik, BRENTETERNEARASEUINRENINE, SFHEK, BNLAERE
X, Bit, RERASEVNRERBOTENEHE, KEDNH AL AEERKER.
B EREXREENRECEMNE R, SREREI/TENFIRENL, ERREDH
CMRMESSIL. REBRASRIE L AP ooshel 10RFIFALIEREE, HTHRAFRRE,
BRANER, MIRESSIERUREE BN ERTREN AT RN, ARSEFPoroshel
12083, FRAEAREELN, SRENEA. REAEE. RENECNBRNER N
e, S EAAFFERREM T34, —RDAT{XFbmin.

VAR ST E

[ARVE-EEK ]
BB REEENBASELS) . FE. LEBKMBHPLCE) . KHMili-Q Academici {5
GG RENEA RENEE. RENECHNERNENRS (FEAREDTRRERN).

12 iR
@IS Poroshell 120 SB-CTBKE(4.6 mmi.d. x 100mm, 27 pm); 4:830°C, FE!0ml/min; 5
AR K-RE-MEKE (75 20. 10) . ELSDA&R(Alech 2000); #EEAIOML,

1.3 X5
BEMR (FH) .

14387 %

15



1413 R

BEFBAANE FANEL RANECHARNENRAEE, NABEREHNEINAE03. 02, 02, 0ngnl X BRER,

142 BRI

BAS, P, WA S, MAEION, HEER, BEREO N KEANEATEARAANER, £, B, BRSRERRON, F
TN, BOMEER, MRRARCE, AZEZERERROR (onl, 10nl 1onl, 1onl) | AFFREVE, MSAEEMERINE
% SBERGE BZEZEONUEE, AHZBZERRRNGE, BRERR. R0, AFKE, BZEZEIONUEE, AHZRZE
B RT. RARRRARERBEIENE. B, 2050 nHBEAN,

143 A

BIRIERS, DIRERERE, IMIEEE,

2EREE

21 Bt AREE

IXPoroshell 1204 (4.6 mmi.d. x 100 mm, 27 wm) ¥R D47, DUK-REE- TSR AR EHTHPLCEAMML, SRR, RENEA REKES.
BENECHERNEMRADIEIARFNDE, —ROMNRRNNDHEREmn, FURST THERE, MAHE T HIEA.

22iEE
\Yi
100dT]AD2
2
1 ™ <
N =
750 pt <
] o s -
s = &
mE Ko Te}
7] S (B o o
500 @l om
i o =
(&)
& i
7
] E
2507 o
N
0
O B B e e s e e B e L s s s s By B B L e B s s e
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min

Al WRmEEE

10007555
750
o
Yo}
] S
500 3
, < 2
= N
o o
J 3 a
250 -
, £
4 mX
] L /&w
7 T
o1 7 N e e LA s e e e L e e e S et e e e e e IR B e e
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min

B2 HmeiEE

16



23 fERERBIEHMAR

v
1ooo'f‘AD2

7507

@amE A18.403

BEHE /14.562

500

aAmEs B/25.052

wakE C/12.191

2507

0 ‘ — ‘
0.0 5.0 10.0 15.0 20.0 250 30.0

B3 RmaReEitE

v
1000755

~ ® ©
o o o

S 2
°c2.,.2.,2..2.,2..2.,2..2..2..2

N
o
BEhE /14.561

w
o
@A A/18.351

N
o

RN B/24.999

=
o

0 5.0 100 15.0 20.0 25.0 30.0 min
B4 e EE

BELM.

BE0ApEREEERMUBAASELT), USDENH, FEREHR

@FE. Agela Venusil MP C18 4.6150mm, bum

TEhiE. K-FE-UEmKE (75 20 10)

SRR Tml/min

i 30°C

HRE . 10u

3 It

AL APoroshell20, AEELBEANEARELENLNECRENEA. RENEE. RENECNERNEERAE, ZDENDTEEL
#.OETERED FEHERRNRINER, EROANER, RESTEBRNIENTE.

17



f£&

Ey

AT, ZHEME (FE) HR
N

it ERHBRRLABIS
fR%. 100102

HR#E . min-jia_huang@agilent.com

&%
ERHEHRS

% H Poroshell 1206 i H 1% 530 2 B 4
BIE2010 PEIZ R %

R P G
B

X

HPLC, Poroshell 120, S&38; 20104R - E 2584

E

L (Bupleurum chinense DC.) A% . $hE . IEH. WLk, HFE. %5, . (AEEZ) #. " (&
W) A% BODHE, EEBEZ. MEMEAM., ZR4E. B EF%. WOMHE
et AFERL - REE, MEIEmE. FLFFENRE, BEKEY. ZANABXR

R, " 2010 EAAIMERARESLANILERRTEENT, MR HEHEFHEN
AEF10000, AXAFIRAT 55 mRAEEIEESRECRFE L NPoroshel 10RAZILER
HEEE, BETEAAT L, WERRTTHBNT.

VRIS TE

11 {38 it

1200SLE AR B Aglent/ E]), 110083 AR & N Agent/4 E]), ZBE(HPLCZR, Dikmal , K e
M-S RGHE . SEHRENEHa, SRR AT EHRENH SRR,

12 @it &4

Poroshell 120 32 5% 1. @ 34E. Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym,

HEE. Su WK 2100m; AR 25°C; JRE. 1 mi/min; 1200 SLKAR &AL
EREERTE. Bi%H. AglentZorbaxSB-C18, 250 mmx4.6mm, Sum. HHEE. 20ul. &K
< 2100m; #EE. 26°C; . Tml/min; 1100748 € 34X,

13857 %

1.313¢ BB s AV BL 1

LB H MR BHCRANBAR NS L EHa . 0.03my/mlgER, A4 BEH0.4Tmg/mL
MR,

132 it AR H &

BASMA (FMSH) 24905, BHERE, EEEERRT, MARREXRNFERR

18



2ml, #E NCKBEBFELE (TNE00W, JRI0KH) 3045h,

MEERERTEBEmMERT. NRERREZE. 82, 05,

AREANY R AR MAE,

RRSREEIT BBENET, %E

2 R 511
2] RS HREE
WI0RZEAFTENE T +/\EERERAER VAR, NZEDREA UK ORES, RasmiBES %,
B 18] (53 8 SFahiEA (%) AR (%)
0~bb 25~90 75~10
50~bh 90 10

EMIZBE TR, fEAgient Zorbax SB-C18, 250 mm x 46mm, 5 u mE AT EBRIZBERHTUSABRENDE, ATRIECETEEHNEAS

i, AREETHOnEEETARIL AT —SRs REAREBE, MNRISEMNEE,

Z1 Agilent Zorbax SB-C18 ,

250 mm x 4.6mm, 5 u moATEEEREEE A

BELE., FRINERa

fi [8] (min)

0

50

56

56

61

A%

25

90

90

25

25

L FPoroshell 1208, M T27 umiRASILEEN 518 SIENERAY . b, KEHNTRUBLT unf9RE S 7L EERHEIL 1.8 umpd
EHIER, FNRRTTENG MRS, HWAEREEROERT, SRERERNLARELHTER, . SRIER D, NEETUES, £
BTREZAENEEER, ERIDBRNARET, MMRESATRANTE, REHESTENENHTERER, BEIK,

%2 Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 pm4 4 LE A4S B 75 35

& 1a Agilent Zorbax SB-C18, 250 mm x 4.6mm, 5 p mMFLLHA A9 B R LEi B a. d

19

A (8] (min) 20 22 23
% 25 ) 90 2%
mAU ™
3
400 {
350 {
300 f 9
250 {
Yip et Leip e tid
200 ] N=74786 N=90678
1 Tt=1.297 Tt=0.771
150 f
100 {
50
] N
0 10 20 30 40 50 min




VWDL A, Wavelength=210 nm (POROSHELL-CAIHUNINK 2010-07-15 13-14-34\100715000002.)
mAU N
225 %
I
200 |
®
175 N |
W
150 “ ‘
125 ‘ |
Lt EHa Letp B Hd ‘
1007 N=200282 N=192112
Ti=0.891 \ T=0.762 |
75 “
|
‘ ‘ |
50 | ‘ |
| | |
257 9 | ‘ \‘
N I I
© | / |
0 \ L S A
6 7 8 9 10 min|

B 1b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 umA 47440 b {3 1B Lt S ta. d

22 KErEm AL E
El2eFIE 2067 5 AR B G EN E B SR E % 7L EPoroshell 1201 &R HIK RIDMER.

2

8

16.747
22.068

K EHa SRHEH

[ 2a Agilent Zorbax SB-C18, 250 mm x 4.6mm, b u mo#75e 88 it
20




VWD1 A, Wavelength=210 nm (POROSHELL-CAIHU\INK 2010-07-15 13-14-341100715000005.D)

mAzuSO{
10 s 8% s 2
J Wm&%wwﬂLLWJ MWJMWJJﬂMNJJmuMmmexvf¥¥-
o]

L e e e e L s s s B L A s s e e e e L s s e B e O S B e e
25 5 75 10 12.5 15 175 20 mir

/& 2b Agilent Poroshell EC-C18, 100 mm x 4.6 mm 2.7 um#} 4 S&#A 35 S

3N

AR MPoroshell120 EC-C18 ZE2010R B AT AN BEH, MNXRERTMUEL, S5 A95umbL {2 phAglent Zorbax SB-C184ALL, ST UKSEHRI 2 H A
FREO1D D E230h. ARSHBIAXRNEN, AHRRENTIRE, KEZILENPooshel 1207 T EFMER. ™A, 7 FPoroshel
1208 2N, ENTEENRSR1E20a, T2TUSENRBARE. THASHREND BI.

(5% 3]

(N EZ8R20100k, —#F, 263, %H.

21



f£&

Ey

AT, ZHEME (FE) HR
N

it ERHBRRLABIS
fR%. 100102

HR#E . min-jia_huang@agilent.com

&%
ERHEHRS

% HPoroshell 120 iEHRBESHITHE
BRR20105PEIZ RS %

R P G
B

X

HPLC; Poroshell 120, HE; 20105k [E z45 82—

E

HE Radix Glycyrhiza) I ZHERKEZE, 2—FbaF%, ROIRLFZA=MER, HEHNUE
BEWXLEY. HATRHEEAEIEFZ T HERRRENUANHES, HERGEET
B, ACEB00RARTE—BPOHENE, WHEMBAMRAEXOMBRETTRES
ENEN, FERXBATE#REERRRAESIAZRERAREENEEHRTH.

VR ST

(ARG 2Rk

1200SLE AR B AglentE]), 1100BRARE A Aglent/5)), ZBB(HPLCAR, Dikmal . K e
M-S REHE . HERAL, LRAERAN) HERHEY . HERENBIYAHES
SENHRREFIRLL,

12 ikl

Poroshell 12065 1 & {4 . Agilent Poroshell SB-C18, 150 x 3.0mm, 2.7 ym. #HHEE. 254, £NEK.
237nm, 8. 60°C; FRE. 04mi/min, RENHE. A 0.05%HEER. B: £ 151200 SLRABE (L,
B TE. B, AglentZorbax SB-C18, 250mmx 46mm, Sum, HHE. 10ul, BAK
K. 237nm; #8. 26°C. RE. 04mi/min; FE04E. A Q0D%EEER. B 285, 1M00RMEEILL,
L3Rk

1313 B A A

BEHEEWRS (Img/ml) | HERGEWEBS (1.0dmg/ml) BREE, MI%ZEHHENES
0.02mg (208ug) . 0.2mgfy7a iR, RN,

1.3.2 i miE i Hl &

BASMAK (B=S6) 02, BERKRE, EREERRT, BEMAT%ZEI100, BE, RE
B8, BELE (EB0W, HRAOKH) 00¢, L, B2, BREEE, BINZENRREE

22



MEE, %9, Bd RERR 05,

2 4R
21 Bk R FRER

M0mGADHE [FENE] BT, BXEAT/\GERRBEERAERFNEEE, NZBAM00HERERBIERNE, NHEFEER

REGTEARFETH000, HARPHBETTE.

i 18] (4 $4) TRENEA (%) WENHEB (%)
0~8 19 81
8~35 19~50 81~50
35~36 50~100 50~0
36~40 100~19 0~81
SREHEN, MRERARTE, FENRAVEESLEET HERSEREENARELTEZIASE, ¥HUTRENENER. B, WHEH
F7—EHE%, fEAglent Zorbax SB-C18, 250 mmx4.6mm, bum, #ERF!, WBIERER.
%1 Agilent Zorbax SB-C18, 250 mm x 4.6mm, 5 umorEE#EE 7%
A [8] (min) 0 8 60 70 75 80
A% 19 19 35 40 0 19
% {5 FPoroshell 1208, ER T FIAAEAC0150mm, BISENERRMNBERAT. BEREKNLLAIMEL#THE, $BENR2.
%2 Poroshell SB-C18, 100 mm x 3.0 mm, 2.7 umArHEHEE TR
i8] (min) 48 18 30 35 38
A% 21 21 35 40 100 19
mill
60
50 1
40 -
30 1
Hes HER
- N=335309
] 1i=0855 Ti=1.033
10 A
U-_JU\J R
T T T T — T T T T T T T T T
] 10 20 ] 70 &0 a0 mir|

& 1a Agilent Zorbax SB-C18, 250 mmx 4.6mm, bumArHEFHNBRHEEMH EK

23



VWD1 A, Wavelength=237 nm (POROSHELL-GANCAO\INK 2010-07-16 11-28-311100716000003.D)

mAU 1 E
60i g
50;
T
40 g
1 o
30{
] Het Hem
20 N=12227 N=336141
| Tf=1.061 T=0.91
10{
O;J‘ A A JL4~_44M¥44AAA,/\_
| 5 R 2 » 0 i

[&1b Agilent Poroshell SB-C18, 150 mm x 3.0 mm, 2.7 ym/ 4 HEH

2.2 EREEmA LR

El2eFEI20RI 7 3 AR BE G AR BT SRA S fLEPoroshel 120F B & AN L R DTS

MEEENMHER
M EERTINEH ., Poroshell 120SB-CISERES ., NHERFSHARDBRIBHIBEEST.

méll

a0+

304

[&]2a Agilent Zorbax SB-C18,,

250 mm x 4.6mm, 5pmAHHEMSR S

24



\WDZ1 A, Wavelength=237 nm (POROSHELL-GANCAQIINK 2010-07-16 11-28-311100716000006.D)
mAU

407

2.862 3.110

357

307

257

207

23.973

157

[&]2b Agilent Poroshell SB-C18, 150 mm x 3.0 mm, 2.7 yma i HE X &

Ao BFR PRER R 8] I AR FEIREL NEE HER ¥
(XA EIEE) (min) (mAU"s) (N) (Rs) (USP i)
HEH 311 207.3 9024 1.89 1.01
HE®R% 23.973 95.2 321628 16.95 0.90

3 INGs

KETRR MPoroshell120 SB-LI8 S E010RARTTEN BHE, ANKRERTNEL . SEGAMuLZAAglent Zorbax SB-CI184RLL . R
AR AB0D SR L BI85, BNERENENES, TESHRARESEREY, A, AREAPoroshel 1208EHEN, EMTEENR
BREMbr, TLUYNSERLRBRRE, KASHRENDED,

(% 3]

(shEZ #2010, —38, 80, HE,

25



f£&

Ey

AT, ZiEME (FE) HR
N

it ERHBRRLRABIS
fR%. 100102

HR#E . min-jia_huang@agilent.com

&%
ERHFEHRE

% HPoroshell 1208 iEH MRS HER
BIE2010PEIZ R %

R F G
B

X

HPLC; Poroshell 120; %;%& 25 2010k A [E 24 8 —3h

E

%% & (Glandularstalk St Paulswort Herb), #&EEHE (EAE) . "#HE. HUREMIEK, #5858
@ BHEHRZ, " AEAMERT. AL, HE. BER, B GFE &, THENE, FIX
 BE, ARUERRER, ARPTENTIERTRENE. KAXERRAT F5%0 umkifz
E’J%gﬂé LS RERRIEL MPooshel 120FKEZAREERY FERXRRNEBREST

A, BYTEATEAREEENNEERSHIREA A,

VMR ETE

L1 5 F
1200SLE 3R AB & 13 Agilent/A T]), 1100 30RAB & (X (Agilent/A )], FAEZ(HPLCZR, Dikma), 7K
Mil-QE L REFHE, HEERTTENBRIIATEAREDHREEHIRGL,

12 Big&H

Poroshell 12065 1 & {4, Agilent Poroshell EC-C18, 100 x 4.6 mm, 2.7 um, ##EE. 4ul, #&MKK. 216

nm; TR 36°C; K. Tmi/min; JREAE. AZEE. BK ErERRARMES. 1200 SURABEEN,

G @ E. @ikt AglentZorbax SB-C18, 250 mmx 46mm, Sum, HES. 10pl, KWK
K. 2150m; R 36T, RE. Tmimin mEiE. AZBE. Bk B ARARENHI0FEE
1

1388 A%

1315 B8 iy R A 2

T 48my/miFRER XS BBA R R B M 0 S T E19.98ug/mLAYA R .

132 1%2%&'.:;4?7’&&’9%0%

BARHA (H=S7) 09609, ¥EirE, ERERVMT. BEMARE, FE, KE

B8, bﬂ?«*&@,ﬁ&hﬁi Be BREEE, BFBNEAANEE, &3 Bd B&RR 0

26



=]

o

2 ER5WE
21 BERHmEE

00 BRFFHEE [RENE] IT, BEXERAT/\REERBSERAERANEEE, NZBAMOKERDE, NFEENRAERR
HUEARBIRTO000, HAPHBEETE:

Fief i8] (5 $41) mEItEA (%) AEtEB (%)
0~5 5~24 95~76
6~30 24 76

RIRTTE R B ERA MBI HIASES
FRPRAMBHNALAIFEI0%, MEXEHFERINAREATSHENEATIMNEZRSNER, HREABHEREHOC, BE4

BEREz—,

C METEBHEREMRNACET LRE,

&1 Agilent Zorbax SB-C18, 250 mm x 4.6mm, 5ump S EREE 7%

ARKEEGFHRESTEELN, BHE

Fif 8] (min) 0

40

43

48

49

A% 5

23

23

100

100

% MPoroshell 1208, p1 T ARYACH100mm, BEMERTTELHNAE, WRPAF.

2 Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym 5 & E 6 E 7755

Fif 8] (min) 0

2

16

17

19

A% 5

20

20

100

100

TFEE AN RAEE.

Al

T T
N=29083
Ti=1.06

10

T

.

[&]1a Agilent Zorbax SB-C18, 250 mm x 4.6mm, b u m 473 FE

27




\WD1 A, Wavelength=215 nm (POROSHELL-XIQIANCAOIVIOHANLIAN 2010-07-22 13-04-481100722FINAL0006.D)

mAU
147
1 }!‘J
M
|
: Y
8 \\M
N
67 1% 95 %5 A BR by MWM
N=30606 g
H Tf=0.997 A
2] ‘ \& /}
(Vm - |
Own}
|
4 I I I I I I I I I !
0 2 4 b 8 10 12 14 16 18 min
&b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym44& F g
ML EZEETNES,, Poroshel 120 Plus-C18 AN BR8] B2 4548, BHNELR.
22 Kirt @it &
El2aF1E 20899 710 R A SR A & 154 5 R E £ 7L EPoroshell 1207 1B & S X RO ATER.
" %Lr"«
12j |
10i
87
: HEm
6i \
4; ]
O;—'l
e
0 10 20 0 40 0 min

[&]2a Agilent Zorbax SB-C18, 250 mm x 4.6mm 5 u mAHr5s& E ik &
28



VWD A, Wavelength=215 nm (POROSHELL-XIQIANCAOUMOHANLIAN 2010-07-22 13-04-48\100722FINALO012.D)
mAU |

13.300

o \
4 WV | |

N

\ \ \ \ \ \ [T \ \ ‘
0 2 4 b 8 10 12 14 16 18 min

[&]2b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym 454 & E 4t R

B—

TEE

ik REM IEER HERE PBE BEET
(Xt 2541 & B ) (min) (mAU’s) N (Rs) (USPT)
5I8 13.30 17 29567 / 1.004

3ING

LT ER APoroshel 120 EC-CI8 ZZ01RARTTEN BHER ., ANKRERTNES, SEGHISuMALTZ f9Agilent Zorbax SB-CI8#REL, R4 8]
MERNODHEFEND ¢, BEHATEEDE0 ., BNENENENRS AMXRTBESIESHEARENDEETUEL, Poroshel
10 REEFHDER, ME, EEAPooshel 10EERN, BEATEENRSRLM0bar, ZETUSEARBERE . TASHREHD BT

(% 3]

(N EZR0100R, —#F, 345, HEE,

29



f£&

Ey

AT, ZHEME (FE) HR
N

it ERHBRRLABIS
fR%. 100102

HR#E . min-jia_huang@agilent.com

&%
ERHEHRS

% HPoroshell 120& TR ES WML ITZRE
BIE2010 PEIZ R %

R P G
B

X

HPLC; Poroshell 120, 523&; 2010kR A E 2582 —3]

E

B2 % (Ecliptae Herba), BB AHRER, RBESE, HHRHEYEH(Eclinta prostrasta L) it _+#H
o, BREAMNTE, FEMHE. 2EFSEE132% MERE (£49008%) , HE@HER
B5(Wedelolac-tone), £ EFIHENE, ZFEFHBNET-HHER. B8R [FENT]
M, ERFEASNERGEAAETNE, TENENLEYABEENE. AXENXA
T RGHED umpy B A LR R E £ 7L /= fPoroshell 12068 B4 2 2 E R HABX B R#T 79
W, BY7TEATEARECEUNEARSNREITAE.

VRIS TE

11 {38 it

1200SLE AR 2 N Aglent/ E]), 110083 AR 2 N (Agent/4 ), FRBB(HPLCAR, Dikmal , K e
M-S RGHE, BR(EEL, BORA), BRERYHBNEN RS H B RN

mie EFRM.

12 @it &4

Poroshell 1202 3% 5% 4. Agilent Poroshell EC-C18, 100 x 4.6 mm, 2.7 pm, ##FE. 4y, #&NEE. 351
nm; ABE: 40°C; RER. Tmi/min; GRENAE. ARE. B 05WEREIKAR AT ARAENGEE 1200
SLBRAR &AL,

e A%, Bt AdglentZorbax Plus-C18, 260 mmx4.6mm, bum. #HEEE. 10ul, &0
A 30Tmm, . 40°C, RE. Tmi/min RE0AE. AFRER. B OSUBEIAR FfERARAEE
AR E TN,

138577 %
1.3.1% B AR A T AV L
B RISRIAN B (0.424mg/ml) FAT0%Z B/K B RBEDBEERAE. 10760/mIEgE

e

B

30



1.32 ik skl &

BRREASNER (IS 1007, BARSKET, ERNAGZEN, ZE, KEEE, MAEZUNG, K5 BHREER A
I%ZBHERANER, B9, BT BEER, 8.

2 ER5iR

21 BEEMAERE
010/ 225% [RBNE] WT, BREAT/\GEEEGBERRABERNOEERE, NFEAM0 WERFRERNE, NPES
MEIRILRECTEAFMTO000, HAFHBET%.

Fif 0 (52 $10) REEA (%) maEtEB (%)
0~10 356~59 65~41
10~20 B9 [

RiemEPRHBEN RN RAHENNE, SFEEER Bt fhE0WHENERIAR, Bl BWABERTEIER
BERNSR, NESEEENRAFSRTENENNL, mk—.

1 Agilent Zorbax Plus-C18, 250 mm x 4.6mm, 5 umP B2 EHE 7%

A (8 (min) 0 10 20 21 26 27

A% 35 59 59 95 95 35

£ APoroshell 1208, T AAYAEICH100mm, RN BT T ELRIBE, MKFAE.

22 Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ymP TR EERE H %

A 78] (min) 0 4 8 9 11 12
B% 35 50 50 100 100 35

TFEE AR AL,

mU
5
407
™
ey W% N B
N=57488
Tf=1.08
10
0 V,\_\f\ JH—" e
o s 5 2 5 =

[&]1a Agilent Zorbax Plus-C18, 250 mm x 4.6mm, 5 u m4» 4745 4 45 [N B
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VWD A, Wavelengih=35L m (POROSHELL-MOHANLIANIWOHANLIAN 2010-07-21 17-05-491100721FINALOOOS )
] M

175 B

15

15 W

10" ‘

] % i 2 N EE

] N=41741 ‘

7 T=1.06 ‘

5

] ﬂ M

] |

257 M ‘ \

L i

O,M,AM (N J

1 |

257 |

[ [ [ [ [
0 2 4 6 8 10

& 1b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym434f 8 48 %5 (O B

M EERTEL, Poroshel 120 Plus-CI8R R D BRT | B &A%, ERRER.

22 ZFEmAEE
El2eFE2bH 7 3 AR BE SR EER SRA S 7L EPoroshel 120G B EEN KRNI NER.

mU

220+

207

L4 P S ! Rs=1.33

] W%=0.24% !

m T

507

& ™

0 5 0 5 2 5 2

[&|2a Agilent Zorbax Plus-C18, 250 mm x 4.6mm, 5 u mo} 4728 2 3E i R
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VWD1 A, Wavelength=351 nm (POROSHELL-MOHANLIANIMOHANLIAN 2010-07-21 17-05-491100721FINAL0010.D)

mAU 2
;
80-1
|
60-1 \
\
] ||
10 | .
/\ J \ ﬂ B EE MBS
|
20 \ } \ /ﬂ‘ \‘
| - 1
M MVLANAAKMM~ MJﬁLAM
+— o
[ [ [ [
0 2 4 § 10 mi
[&|2b Agilent Poroshell EC-C18, 100 mm x 46 mm, 2.7 ym4 47 B EZE 4K &
BHEIR 1REBRTE) EmR EiRE NEE BERT
(MREHEIER) (min) (mAU's) (N) (Rs) (USPTH)
BN 6.209 4274 42395 194 1.06

3 IhEE

AL T RR MPoroshell 120 EC-CI8 ZE2010RAATEN BERE, ANKRERTUEL, 57EGHOumALZ AAglent Zorbax SB-CI84ALL, AR

WRHE T & 7159080, BEIESHAFIER A1 n, ANENER ENES.

MER R T EEESNESTEEARIENDZETUES, Poroshel

10 R{EFNDEE, ME, £ APoroshel 10EEHN, EATEENRERL1M0bar, TETUSERARBERE. THASRREND B

.

(% 3]

(R E 58201008, —#F, 301,

BEE,
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fE&

Ey

AT, ZHEME (FE) HR
N

it ERHPRRLRAEIS
mR%. 100102

HR#E . min-jia_huang@agilent.com

&%
ERHFEHRS

% HPoroshell 1206 iEH R SR AKX EH
BIE2010 PEIZ R %

R P S5
B

X

HPLC; Poroshell 120, <E#; 2010kk* E 2588 —&f

E

S & 1A(Amur Cork-tree Bark ) 51 B &4, A=ERHEY) =2 (Phellodendron amurense Rupr | B9, R
GE, BHERRE. BABRE, BESTEEIN. XEHEESMEDE, TEN/EH,
BEH06%-20%, MRDVENEDT. HiRE. BERSSHEDR. 010RAAR—PEKRR
BRBEEEESXERHTRENE. AXERT Poroshel 120RE % ENREE EHEERESH
FAZEXRT, SNRENBTXEM AEMNAEALEREC SN LAEREINESY.,

VRIS

(ARG EopE K]

1200SLZ R0 AE & X (Aglent/A B]); 1100 R0 & (X (Agilent/A 5]); Z B&(HPLCER, Dikma); 7K g
M0 R G H1G: BRDATE, ERUERA ) BRESHUERSENERULZRERA
8, ). XRARBREN. RREDTYRAIMTESREMH RREMRE.

12 @ik

Poroshell 1202 3% 5% 4. Agilent Poroshell EC-C18, 100 x 4.6 mm, 2.7 um, ##FE. 4, #&NEE. 345
nm, #58. 26°C, RE. Tmi/min, EEHAE. AZEE. B 0I%HEEARIMARR _ShEHLE
0.02 mol/LEY ¥R &E); FrfiE RS 1200 SURAR & L.

GBI E. B, AglentZorbax SB-C18, 250mmx 46mm, Sum, #HEE. 10ul, BAK
K. 345, FER. 28°C, RE. Tol/min FEHE. AZEE. BOI%HEIRR(MARR_SHE
HIAZ)0.02 mol/LA9 ¥R FE); B AR ARG 5 1100 % 4 & 343

1385 7%

1.3.1 % B A A T AV R 1

BB E DT NER RN BA R 0% Z B AR HRAERBEDT. 50.31ug/mlAgiE
W ERERNBER R B 55062500/ mLAYE R

132 it miAR A &

34



RERBCRAN REMMR02000g, BERE, BERERVMT. BEMAONZEN, #E, HREEE, BFLE (HRBOW, HFRI0KH:) 45

28, B WP, BHREEE MINZBHERANEE, #9. BE RERR 05,

2GR
21 Bk F AR

ERRETERSETI000, HRPHBRETTE.

7

M #hxER [SENE] AT, BREAH/\GEERRSERAERHNEET, NZHAF0.05%FE

2

BRBIERSNE, MER/NEE

Fit (8] (53 %) mEItEA (%) mENtEB (%)
0~20 26 75
20~40 26~65 76~35
40~45 66~90 36~10
45~50 90 10
60~65 25 75

SKEPRIA, HERTABNINENDHEERLET, Rl 7TEPHBRITEERN20mng 2% EHF Z90%, Mk—.

21 Agilent Zorbax SB-C18, 250 mm x 4.6mm, 5 u m{M £ B E 7%

A i8] (min) 20 25 35 36 42
A% 25 25 90 90 25 25
% FPoroshell 1208%, e FARAEAC A 100mm, HEREHTT ELMIAE, MRFR.
22 Poroshell EC-C18, 100 mm x 46 mm, 2.7 ym4 T * BAaE A%
B [ (min) 0 4 10 1
B% 25 25 55 90 90 25
THIEE TR ik,
ALl
100
80
g0
40 HEEDT R/ NEETR
N=8391 N=9554
Tf=1.363 Tf=1.257
20
u} v _— U k
T T T T T T T T K
0 5 A0 15 20 25 30 35 40 mir|

[&1a Agilent Zorbax SB-C18, 250 mm x 4.6mm, 5 um4 7% EAAP B B D TAENER )\ B2,
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VWD1 A, Wavelength=345 nm (POROSHELL-GUANHUANGBOIGUANHUANGBO 2010-07-23 13-43-591100723F INAL0G0G.D)

i) S 9
}ﬁ; 0
0
801 \ ‘
\
|
0 |
-
401
HBEDST ‘ \ EhER )\ EERR
N=15873 \ | N=49337
Ti=1.425 \ \ Ti=1.283
207 ‘
i |
|
0 JV\/ \] k [\/‘ k‘
\ \ \ \ \
0 2 4 6 8 10 min

] 1b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 pm4)4f 3 S G b A9 £h 8 B2 T TANEL BR )\ B2,
M EERTIUES, Poroshell 120 SB-LI8HENE S, MAN BB EE%EE.

22 KRR A L E
E2aFE 20697 5 A R A S AEH E 8 5K E S 7L EPoroshell 120 B E AN HIK RN TER.

-
BRELDT ERER /)N EETR
- \
|
LY R R
|

[&]2a Agilent Zorbax SB-C18, 250 mm x 4.6mm . 5 p ma 43 E gtk S
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VWD1 A, Wavelength=345 nm (POROSHELL-GUANHUANGBOIGUANHUANGBO 2010-07-23 13-43-59100723FINAL0012.D)
mlU - 2
J 0
37 )
-
5
0 5
] n
1 | 9
157 ﬁ\
1 q ‘
10 ﬁ\ HHREDT \ \ /BT
|
\ \ \ \ \ ‘
0 2 4 b 8 10 min
/& 2b Agilent Poroshell EC-C18, 100 mm x 4.6 mm, 2.7 ym>¥r% & &
BHEIF R g BER B NEE BRRT
(XRATEIER) (min) (mAU’s) N) (Rs) (USPTH)
HBREDT 5.531 104.6 17544 / 1.087
ENFR VR, 6.060 155.1 51114 386 1186

KRV

AETER MPoroshell120 EC-CI8 ZE 2010 B RTTEN BRRM, AMNKRERTNEL, SEGAumAL{Z AYAgient Zorbax SB-C184RLL . MR 7 47E [8)
NERNO2D R E 1305, BNERENEMRS. MA, ARfMAPooshel 1208 5E4ER, BEATEENREREM0bar, TLT N5 HHRAEHA
®E, FUSHRENDEM, AXRFHAANEENENSESERRETETE—H.

(5% 3]
(FREHRI0R, 58, 197, %&H.
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fE&

KR

NE) REERE (FE) R
A7)

it EETMHEXERILRS
fR45. 100102

B FHRE . jian-giu_mi@agilent.com

% HPoroshell 1206 L+ &2 E
FEmRSH

R F G
B

X

HPLC; Poroshell 120, %7&

E

HFRREGNTANZ—, RREARREENT R, 280 (KEHE) TRANELNE
FEEFANCH. HH, #E RERNS FHBEZYE. AREFDIES. $EAF
BeME. #FRBRABMAEFIR. KPRAEEMAGBR, BHONNE, FREE
B WHXERKHEAR"ENNRT2OERENTR. FELTRRERIERS. HF
ABREHRAMAEERRE, A5 FLPH3, S—INMHBESTREBRNTRERSE
#, RRMEHTEARERBENIER, TRARTHTREAMDEIEEIEI NEE
B, RBREHMIS-0-WMHBEETROBASEINITEETARONE 1], BRENTT
APERANEAREEEMFIRENE, HrHEK, BFNEHRARA. nAXRET
RHRAGRARTREFIN D BEOMHABELNNE, 28 TIERRIFBREDTRARN X
®/. RERAIRIEL OPooshel TNRFIREZAEEER, HTHRFRRE, SR
=, NISRAEARARENLHTREDFTHTREMS, KX APoroshel 1208584, H#%
FI290UHPLCR BB, MERPRRR, ABREFMI5-0-NMEHEZTROB LT
EINEE, MREARRTFENNERMERTT BN E.

VRS T E

[ARVE-EEk ]

1200UHPLCB B KA & & (L Aglent/AS)) . FEE. ZHB(HPLCZR X ESigma-Aldrich/A 5]); KB FK
HIMilli-Q Academic L R Gt HIG: RER, KBETMIO-0-RMHBEZTRATERES KLY
RETEARKSENFRRER, REDHAD po/ml (XRKR) . Bopynl (KEEH) M
80 pg/mb (35-0-MMMHERLEZTH) .

12 g EH
MR EEM (RIETEZR2010R1 BT R #R)
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Zorbax Plus-C184% (2.1 100 mm, 1.8 wm); #E26C; JR&0.4 ml /min; FFHAEA. 01%HEOAR, RAIMEB. 28, “REMIIENIR. HK348m,
AR08 uL.

i 18] (min) 0 2.2 6 8 8.1 9 9.1
B% 10 18 20 20 100 100 10
i BiELy

Poroshell 120 EC-C184F (3.0x150mm, 2.7 um) , #830°C . E0.8 mL /min; REIHEA. 0I%BEEAR . WEN1EB. FEEZMES2, ZHREMEFIHEN
2. Ac348nm, ARG L,

B 18] (min) 0 2 8 85 95 96
B% 10 25 27 100 100 10

1.3 13388

SUHMNREMARETESRSEDTIREER.

4R %

141 R RmEE

NARRAREROTEREER, MCFEFME N SRRRO0N, REEH2Og, 350-RMHBEETROWEESSER, BE (10C
NTRE .

142 ik &

BRBEAVHRANER (T—S0F) 2025, BEHE, ERERLMT BEMAOXFEL N, ZE HKEEE, BELE (HK300W,
FERASKH) 08, WP BREEE, AIIXFEMERANES, £, Bd, RERR 85, .

143 WE

B128E81T, WRENEREN, IMPVEEE.

2ERSME

21 e Rt RHRGHER
BHAMBEF AT REBRED B350 AMHEBEZTREARGE. NTEIFT, LEEREBMAZETINENBENIK. MTARS
3OOMMHBEZTROEREN A2 2E, AREROITARIMTELENEE. 1. ATERN, 2. REEX.

mAU 1
25 LR
20; 3.5-0- MRt B E TR

15 ARHE

Ella B2 AREERE, B4, Zorbax Plus-C18%E (2.1 100 mm, 1.8 pm)
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T
11

B SN BISHHEIUR B A, B Zorbax Plus-C18%E (21 x 100mm, 18 um

T T T T T
2 4 6 8 10 mirf

22 i BIERHRGNER
fA— R BPooshel BT, UR3.0050, 27 um, B EHART A RE/Z =320 R &R AN TR, REBHRIBHRNEELHE. 1

F2.

mAU ]

40
30
20

10]

FIRRR

35-0-Z MR B = TR

EHE

| I

PN

‘ﬁu

S

0

2 4 6 8

mi

E2a BN RREBIER,

@3i%4%. Poroshell 120 EC-C184F (3.0x150mm, 2.7 um)

mAU
70
60
50
40+
30
20

104

0 SN

2.643

-10

0

T T T T
2 4 6 8

E2b AL B EHRBUA R E LA, @14 Poroshell 120 EC-C184% (3.0x150mm, 2.7 um)
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3ING

AR ER MPoroshell120 EC-C18@ 4%, ARIRKIES (615bar) TREAEREEHMEARELANEERRPRDBYRNOBINB. RARXM
HETEEBARNREEE (WNAglent 1260HPLC, 600bark AWK ) LRIVRENAT, B EN12090, BIGHATRIGTTERNL600 $h45280%
FARFREMBHNBRR,

(5% 3]

(2010 PEA#E—I, FE
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fE&

1 *ll\\
RERHEERADINSHRAR

HPoroshell 120 35 4 Ti% 2 47 o [E 25
ASHm

R F G
B

X

HPLC; Poroshell 120; ASE&Rg1. ASEEFRIFIASEERe

E

A%%*l%ﬁ%i%%ﬁ 010F AR MARARNBED N ENERFHASET
Rol RefIRbIM & &, BB MEEIEIHEBEI04% (11 . AXHAT MAgilent LK E
%Hﬂﬁhﬁ%ﬁm&ﬁC8@%Eﬁ$¢lmﬁkﬁm%ﬁ BRI URRTEEMEE
MBI BI%GE, MR DHE, BARANAE, RENDIRETUREEEL1059,

15L5 D5
ARV gl
X% Agilent 120081 AR E(L (fif6000ar) , ECZJTR, BAa)##EaRHMDADI =R
@4, Agilent ZORBAX Stable Bond (4.6x150mm, 5um) .
Agilent ZORBAX Plus C18 (4.6x150mm, bum)
Agilent Poroshell 120 EC C18 (3.0x100mm, 2.7um)
Agilent Poroshell 120 EC C18 (3.0x50mm, 2.7um)
Agilent Poroshell 120 SB C18 (3.0x60mm, 2.7um)
RE. AReEEERENEBEERT
MENE. A K BZEE

Rk
QKA 203 nm
HRER. RREEEMRAT

A 2k B e, BAK
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e AZH

1.2 Bl &
BRAGHAN R, BERRRERSET, M=ZSFREE, MARRINE, FE=SRREK, BEETER, ERBAEBN0nERE®, B
FEMNKEMETEON, #E, HEIR, @FEQE0NH, BIFEMER BRENSLRRDNL, T, REMFERR TREML

£Y, B0 umnBEFERRIE, BR—EEINRERENIN.

2RBEERANE

010/ PEANRASEZEBNETEMBRE LT AHCI0HE, BETEALEIM, FA1EATE AL EEHE4.6x150mm, Sum
xt ANSHERBFTOMT . 1 AAGlent 3R FI € % 4EZ0RBAX Plus C18F1Z0RBAX SB C18, @i & {F5eeEzhst, BRI 3I AWM
FAREHCIDBASHRNEIEE. ASEFHRITRANAZIEL N E, HROIWIERIRER T AR ERC000, WRAE
BAHENCIEMEBEHAMNEN="METNZENE, EONNEK, MEBEEFENEABFR0D 5,

DAD1 A Sig=2084 Ref=off (G5\PLUS150MVDO0003.D)

mAU
A:Water B: ACN
] Time %B 1 Ginsenoside Rgl
80 0 19 2 Ginsenoside Re
1 35 19 3 Ginsenoside Rb1
55 29
ol 70 29
1 100 40
1 1mL/min, 203nm
40; SuL injection, 30C
1 ZORBAX Plus C18,
1 4.6x150mm, 5um 3
20| Rs1,2=1.97
] N1=9547
o+t

DAD1 A, Sig=2034 Ref=off (GB\SB150VIVIOO0002. D)

A:Water B: ACN
Time %B

0 19
35 19
55 29
70 29

| 100 40
1mL/min, 203nm
SulL injection, 30C
ZORBAXSB-C18,
4.6x150mm, 5um

1

Rs1,2=2.01
N1=9229

1 Ginsenoside Rgl
2 Ginsenoside Re
3 Ginsenoside Rb1

: : : : : : : : :
0 20 100  nin

1 FBZORBAX Plus C18, 4.6x150mm, 5umF1ZORBAX SB C18, 4.6x150mm, bum4>4fr A 4% f A9 & 1
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BB R B AgilentIT 1 4 B9 £ 7L 2 R A9 @ 3245 Poroshell 120 EC-C18, 3.0x100mm 2.7um E3F | RBERE—HMN, HE5eEERENTEHRE
tb. EBLETmI/mingg37 R4 S F 7230/ 1% £ /90.425ml/min, [EIR #5EERT E1IZ B EEHKEMLEARE, TMTENSEER ASHTHTENELE LR
RAxsH. BREERARY RN BEMRY NERREBRTREA L, ARENARREHET, MMIREREKEET/S, 41054, EAR
J917hbar, ik A BER ETIA,

DAD1 A Sig=2084 Ref=dff (GS\POEC-30ID81701.D)

e
Af Water B: ACN 1Ginsenoside Rgl
] Time %B Pressure:174bar 2 Ginsenoside Re
0 0 19 3 3 Ginsenoside Rb1
1 23.33 19
| 36.67 29
. 46.67 29
] 66.67 40 1
0.425mL/min, 203nm Rs1,2=2.89
ol 3uL injection, 30C N1=17251

Poroshell 120 EC-C18,
3.0x100mm, 2.7um

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 nir|

]2 FPoroshell 120 EC-C18,3.0x100mm, 2.7um 8 34+ 7 #fr A S-HE S AGHPLCIE ],

2.7um Poroshell 120358 EF T Z KUK B ILERIZEMAVan-Deemterth 2, SRR TN THRRIE, "BEELAREAT, BT RIBITMARER
B—FSRENMTEE. BOANE., EIEKEERNEEMERAETETRENNE, ASEHRINTRABENMARRE20M L, ARy
REGBITI0000, SFHsfRE, YMEREN, BEENSTERUAF400arfy LR, MIKTF RSN R AR EO00bar, XA R B & ERILE.

DADLA Sg=2084 Ref=0if (GB\POEC30D81L 702 D)

A:Water B: ACN

Time %B
80 0 ;_9 1 Ginsenoside Rgl
Pressure: 334bar 2 Ginsenoside Re

ggg ;g 3 Ginsenoside Rb1

60 23.33 29

33.33 40

0.85mL/min, 203nm 1 _

3uL injection, 30C Rs1,2=2.33
, Poroshell 120 EC-C18, N1=12562
3.0x100mm, 2.7um 2
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DAD1 A Sig=2084 Ref—off (GB\POEC-30I081703.D)
e
A:Water B: ACN
Time %B 16 g 1
| insenoside Rg
& 0 19 Pressure: 485bar 2 Ginsenoside Re
7.78 19 3 3 Ginsenoside Rb1
12.22 29
. 15.56 29
22.22 40
1.28mL/min, 203nm
’ Rs1,2=2.10
o 3uLinjection, 30C 1 ’
Poroshell 120 EC-C18, N1=10417
3.0x100mm, 2.7um 2
o
0,_.!
R R T S ™ TR

13 FPoroshell 120 EC-C18,3.0x100mm, 2. 7umd R AR S RE THASDEIER,

TEG LARRETHEEEMNRETANEERSEMER, £EEENED BHHPoroshel 1208 BHEAXRBENNHE, MWEXNI0mnFREE
25min,,

60 105min

70min

T
20 40 60 80 100 min|

m AU
80 —
60 35min
40{
20
0
. . . , . . . , . . . , . . . , . . . ,
20 40 60 80 100 min
m AU
80—
60 o
] 25min
40 7
20
0
, . . . , . . . , . . . , . . . ,
20 40 60 80 100 min

&4 ASH 5 FIZORBAX Plus C18,4.6x150mm , bumF1R 5] 373& T FPoroshell 120 EC-C18,3.0x100mm 2. 7um {4+ 54 A9 B 1 EL 42
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F3100mm, 2. 7umAA& HPoroshell @ EATRE E S HE BB TR, FEXAREDE, ARVTReMDBREBAMAIRT, TRIETARERRIERE
f9B0mMK @A F . KR AME3.060mmA B EE LR E AL M/minkt . HITE EFEE254, Rel MR N BE 20, RyIMERS T
HME, SREBN—EN, BAMAINEDHEATR, RRMIATIENIN0, XNTUEER MRS BEMENEM T, ENHEIE
MBRMBGRXTRIFEEIHER. BEFRIRHRALRZAAglent 120051, 600bartItm AR BRI M TR, REEENET000r, FitE
AT NERBER 000 R G £, BRTA0aRGHSMERURRZERARATAIR RS, JEBREHTLRNRGNEE XL MAREL

HEENDE.
mAY I A: Water B: ACN
80 Time %B
] 0 i Pressure: 107bar 1 Ginsenoside Rgl
60 | u » 2 Ginsenoside Re
] 2 y 4 3 3 Ginsenoside Rb1
40 — 0.5 in, 203 —
] 1qu?nj$?on, 00 1 Rs1,2=1.94
2 N1=9180 W
o
Zv‘S 5‘) ‘ ‘ 7‘5 ‘ ‘ ‘ ‘ 1‘0 ‘ ‘ ‘ ‘ 12‘.5 ‘ ‘ ‘ ‘ 1‘5 ‘ ‘ ‘ ‘ 17‘.5 ‘ ‘ ‘ ‘ 2‘0 ‘ ‘ ‘ ‘ 22‘.5 ‘ ‘ ‘ ‘m_i"[

A: Water B: ACN

Time %8B

o0 Rs1,2=1.59 . Pressure: 207bar %, »
N1=6894 55 2

7 29

10 40

1mL/min, 203nm

1ul injection, 30C

Poroshell 120 EC-C18,
3.0x50mm, 2.7um

2.5 5 7.5 10 12.5 15 17.5 20 22.5 min|
m AU
80 *: ‘ A‘: ‘Water B: ACN
] Rs1,2=1.57 Pressure: 200bar Tme %
60 — - 35 19
] N1=6664 s b
7 29
7 10 40

1mL/min, 203nm

1luLinjection, 30C

Poroshell 120 SB-C18,
3.0x50mm, 2.7um

e LA E B e S e e o L e o e L e s o B A — T
2.5 5 7.5 10 12.5 15 17.5 20 22.5 min

K5 A #f & FPoroshell 120 EC-C18,3.0x50mm, 2.7um#0SB-C18, 2.7um & 3E4% 4 #r Y 3%

3N

Agilent 37 FF % F9Poroshell 12062 3488 T 20105k P EZG#RASH I, BEFEBARKENEEREARRERES I E, EMRTERERTE
—HBENFHE, BMEAIMMKNEEREE ASEENSBENRRBAREHENTE, 27umER AIPorosel 120@ LR ERITENNER, EH
RETZHKER@EEN00%, ERSEHT I ATHNMmA400barf (L5,

(530
1) (REHRDOER—H) ASEEWERT.
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fE&

T
RRERBERA DGR
K

#iBAgilent Poroshell 1201 & i%+ B Fh
EZH #2010 8 HASHAL S

R P S5
B

X

e

ENRSEARTEGART, BfAF5 ZLNAKAFAYAR, TRERREMLR. &
bR BTHRER. O&E. 00FRBRKET EARSEARSEENREEHT
&, TTAFA R T FWaters UPLC FlWaters HSS T3 & 384E, ASCHRSR 7 £ MAgient 37T & HY 5%
HFILENRACISEEAHTREAASHARLEEENTR. FENSEHENNINA
BARE—MTum EROSTOKRGE, REAE-RIWmENSILER, ZMEBESHEIT
PRADTOY BEEAKRERE (REV0m) |, WNIIMRITEE, BERERST ZHKERAE
. BREETR2940%-50%,

1L RSy

[ARVE:Zine ]
MU= Agilent 12000 AR 1B, ECH B ahd#asFIDADRG U 2%
34k, Agilent Poroshell 120 EC C18 (3.0x100mm, 2.7um);
Agilent Poroshell 120 SB C18 (4.6x100mm, 2.7um);
Waters HSS T3 (2.1x100,1.8um)
RE. REFEEEIARBEGRRR, NRFERNZEE (04m/mn BF 21 mm {iE
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Related Impurities on Poroshell 120
EC-C18

Application Note

Pharmaceuticals

Introduction

Cephalosporins are the most frequently prescribed class of antibiotics. They are
structurally and pharmacologically related to the penicillins. Like the penicillins,
cephalosporins have a beta-lactam ring structure that interferes with synthesis of
the bacterial cell wall which means that they kill bacteria. Cephalosporin com-
pounds were first isolated from cultures of Cephalosporium acremonium in 1948 by
Italian scientist Giuseppe Brotzu. The first commercial product, Cephalothin was
launched by Eli Lily in 1964.

Cephalosporins are bactericidal agents and have the same mode of action as other
beta-lactam antibiotics (such as penicillins). All bacterial cells have a cell wall that
protects them. Cephalosporins disrupt the synthesis of the peptidoglycan layer of
bacterial cell walls, which causes the walls to break down and eventually the bacte-
ria die. Cephalosporins are beta-lactam compounds in which the beta-lactam ring is
fused to a 6-membered dihydrothiazine ring, thus forming the cephem nucleus.
Modifications to the side chain modifications of the ring structure can improve
antibacterial and pharmacokinetic activity. Based on their spectrum of activity,
cephalosporins can be broadly categorized into four generations.

First generation cephalosporins are predominantly active against gram-positive bac-
teria, and successive generations have increased activity against gram-negative
bacteria (often with reduced activity against gram-positive organisms). Gram-nega-
tive bacteria have a unique outer membrane that prevents many drugs from pene-
trating them, making gram-negative bacteria generally more resistant to antibiotics
than are gram-positive bacteria [1].
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Figure 1. Structure of Cefepime.

Cefepime, fourth generation cephalosporin, is a broad spec-
trum antibiotic with improved activity against Gram-negative
bacteria over other commercially available cephalosporin
drugs. The structure of Cefepime is shown in Figure 1.

Despite extensive research on this class of drugs, quantitative
analysis and purity assays remain problematic [2]. The EP and
USP have published methods determine cefepime and the
related compounds [3,4]. These methods use a
phosphate/acetonitrile eluent at 1.0 mL/min on a

4.6 x 250 mm, 5 pm column. In this work, an Agilent Poroshell
120 EC-C18 column, 4.6 x 75 mm, 5 pm will be used to quickly
analyze the Cefepime related compounds while meeting the
requirements for both USP and EP methods. The shorter
column rate used with this column saves time solvent due to
less frequent eluent preparation, and produces less waste
compared to the original EP and USP methods. Moreover,
using a shorter column allows quick evaluation of allowable
adjustments to methods resulting in better performance in
less time.

Experimental

An Agilent 1200 Series Rapid Resolution LC (RRLC) system
with an Agilent:

+  G1312B Binary Pump SL Gradient times vary depending
on column dimensions and flow rate, (Table 1).

»  G1367C Automatic Liquid Sampler (ALS) SL, injection vol-
umes are dependent upon specific method parameters,
see Table 1.

*  G1316B Thermostated Column Compartment (TCC) SL
with temperature controlled at 25 °C.

» G1367C Diode Array Detector, set to 254 nm as described
in the method.

Two Agilent columns were used in this work:

»  Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm,
p/n 959990-902

* Agilent Poroshell 120 EC-C18, 4.6 x 75 mm, 2.7 pm,
p/n 697975-902
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In addition, two 4.6 x 250 mm, 5 um C18 competitive columns
were also examined, and are designated C1 and C2.

Acetonitrile used was Burdick and Jackson ACS/HPLC
Certified solvent, purchased from Honeywell. Monobasic
Potassium Phosphate ACS/USP Grade purchased from VWR.
Water used was produced on site using a Millipore Milli-Q
system,18 M filtered to 0.2 ym. 0.45 pm Regenerated
Cellulose Filter media (Agilent Technologies) was used for
buffer filtration. USP Cefepime Hydrochloride and USP
Cefepime Hydrochloride System Suitability RS was purchased
from United State Pharmacopeia. Sample and mobile phase
preparation are made following directions from the USP and
EP. [3.4].

Mobile Phase Preparation

This method uses a gradient composed of a monobasic potas-
sium phosphate buffer mixed with an amount of acetonitrile.
The buffer is prepared by dissolving 0.68 g of monobasic
potassium phosphate in 1000 mL of water. This buffer is
adjusted with potassium hydroxide or phosphoric acid to a pH
of 5.0, filtered through 0.45 pm filter media (regenerated cellu-
lose was used in our lab) and degassed ultrasonically. The
initial USP method uses a 9:1 ratio of buffer to acetonitrile for
Mobile Phase A. All samples are subsequently prepared from
this mobile phase. In the course of method adjustments, var-
ied ratio’s of “Mobile Phase A" are prepared. Mobile Phase B
is prepared from the monobasic potassium phosphate buffer
mixed with a 1:1 ratio v/v acetonitrile. The European
Pharmacopeia (EP) method is similar but specifies the con-
centration of Potassium Hydroxide or Phosphoric acid used to
adjust the solution pH, (0.05 M) and specifies that the mobile
phase pH is adjusted before the addition of acetonitrile.

Assay Preparation

About 70 mg of Cefepime Hydrochloride, should be accurately
weighed and transferred, to a 50-mL volumetric flask, dis-
solved in and diluted with Mobile Phase A to volume. This
solution should be sonicated for approximately 30 minutes.
The system suitablility sample is prepared at 7 mg/5 mL in
Mobile Phase A. Sonication is important as impurity B is
reluctantly soluble. NOTE: These solutions should be used
immediately, or stored in a refrigerator and injected within

12 hours.

Results and Discussion

Chromatographic conditions as described in the USP and EP



were followed. In both cases an L1 (C18 column) is

4.6 x 250 mm, 5 pm is specified. The gradient program shown
in Table 2. The liquid chromatograph uses an initial isocratic
hold for 10 min of 100% mobile phase A increasing to 50%
over the next 20 min. An isocratic hold at 50% A is maintained
for 5 min, after which the solvent re-equilibrates to the initial
100% composition A. The total run time is 36 min.

In the original USP and EP methods a 4.6 x 250 mm, 5 pm L1
column is specified. Three different columns are shown in
Figure 2. The method specifies a gradient and with recovery
time approximately 45 min are required for each sample.
Speeding up this method through adjustments presents a
good opportunity for improving the method.

The chromatographic and performance requirements of the
method are listed in the USP method. These are summarized
below [1].

* 4.6 mm x 250 mm column, L1 column (C18)
* N of the analyte not less than 4000 plates.

» The resolution, R, between cefepime and cefepime
related compound A is not less than five.

« The resolution, R between cefepime and cefepime related
compound B is not less than 10.

«  The capacity factor, k' of cefepime, is more than 0.6.
*  Column efficiency is not less than 4000 theoretical plates.

»  The tailing factor is not more than 1.5.

For the purpose of identification, the relative retention times
are about 1.0 for cefepime, 2.7 for cefepime related
compound A, and about 4.3 for cefepime related compound B.

The USP updated chapter <621> presents recommendations
on how much a method can be modified such that the
changes are considered an adjustment. [5] Table 1 summa-
rizes these modifications. In previous work, modification of
particle size and column dimensions have been demonstrated.
[6,7]. In addition, new changes to these compendial methods
are proposed that could allow linear velocity to remain con-
stant as particle size decreases, thus increasing the flow rate
beyond the present + 50% [8]. In this case, we also look at the
advantages of modifying the mobile phase composition on a
substantially smaller column.

Table 1. Allowable Method Modifications under USP Chapter 621
Column length +70%

Column internal diameter +25%

Column material particle size Reduction of up to 50%, no increase
Flow rate +50%

Injection volume Changes are allowed as long as system

suitability testing (SST) criteria are met
+10%
+0.2

No change outside manufacturer
specifications

+10%

Composition of mobile phase (adjustment of the minor component is allowed
+ 30% or + 10% absolute whichever is smaller (as discussed in the USP)

Column temperature
pH of mobile phase
UV wavelength

Concentration of salts in buffer

The USP/EP Cefepime impurity method can be run on many columns but requires 45 minutes per sample with equilibration

1. Impurity E Flow Rate 1 mL/min
2. Cefepime Injection Volume 20 pL
3. Impurity F % Solvent B
4. Impurity A 0 0 minutes
mAU 7 5. Impurity B 0 10 minutes
] 50 30 mi 5
20 § minutes -
] 50 35 minutes 3
10 3 0 36 minutes &
] 0 45 minutes
01 “
0 5 10 15 20 25 min
mAU 7 .
i Eclipse Plus C18
20 4 - =
0
0 5 10 15 20 25 min
3 2
C2 5
4 o
A A
0 5 10 15 20 25 min

Figure 2.

Original Method on 3 different columns, approximately 45 minutes per analysis.

52



Gradient Conditions were scaled according to the formula:

When a constant k* value is to be maintained, the equation
above can be reduced into the following equation to calculate
new gradient times:

tp= (tg1d22L2F1)/(d12L1 Fy)

ty and ty, are the original and new gradient times
d, and d, are the original and new column id's

L, and L, are the original and new column lengths

F, and F, are the original and new flow rates

For this work several allowed modifications were made. First
the particle size is changed from 5 pym to 2.7 um. This change
yields an increase in efficiency as well as an increase in pres-
sure. Because the column is 70% shorter the increase in
pressure is minimized. An advantage of an Agilent Poroshell
120 is the narrow particle size distribution because of this, a
2 pm frit can be used, the same size used on 5 and 3.5 ym
columns. This means that no additional care must be made in
preparing samples than was used in the original method.
Columns with particle sizes of 3, 2.5, and of course sub 2 pm
use smaller size frit to retain the packing material in the col-
umn and as such are more apt to clogging [9].

0.677  0.606

The second modification made is a change from 250 mm
length to 75 mm. This 70% reduction in length is allowed and
can easily lead to higher throughput of samples if the
performance of the column allows such a change.

Table 2. Table of Gradients
46x250 mm 46x75mm 46x75mm 4.6 X 75 mm
5 pm, 2.7 pm, 2.7 pm, 2.7 pm,
Inj. Volume 1 mL/min, 1 mL/min, 1.5mL/min, 2 mL/min,
% Solvent B 20 pL 6 pL 6 pL 6 pL
0 0 min 0.0 min 0.0 min 0.0 min
0 10 min 3.0 min 2.0 min 1.5 min
50 30 min 10.0 min 6.67 min 5.0 min
50 35 min 10.5 min 7.0 min 5.25 min
0 36 min 10.8 min 7.2 min 5.4 min
0 45 min 13.5 min 10 min 6.75 min

The minor component in the mobile phase is the Acetonitrile
at 10%. Under USP modification rules an allowed change of

+ 30% or £ 10% absolute whichever is smaller means that the
acetonitrile can be reduced to 7% or increased to 13%. Under
EP rules this change is still 7 to 13%. In this work, several
concentrations of acetonitrile can be quickly calculated using
this dramatically shorter column. It is important to note that
the chromatographic solvents are varied in this method but

10- 2.0 mL/min
0 4.6 x 75 mm Agilent Poroshell 120 EC-C18
0 5 10 15 70 75 min
1.5 mL/min
4.6 x 75 mm Agilent Poroshell 120 EC-C18
5 10 15 20 25 min
g . 1.0 mL/min
L J 4.6 x 75 mm Agilent Poroshell 120 EC-C18
0 5 10 15 20 25 min
4.6 x 250 mm Agilent Eclipse Plus C18 5 pm
1.0 mL/min M%—A“;&
0 5 10 15 20 25 min
Figure 3. Totally Porous Agilent Eclipse Plus C18 column and Agilent Poroshell 120 EC-C18 column.
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the sample preparation is left intact. It was noticed during the As can be seen, the initial acetonitrile is varied from 11% to

course of this work that Impurity B is less soluble than other 8%. within compendial guidelines for adjustment. At 10% the
components, and without sufficient ultra-sonication as speci- resolution of the cefepime and impurity B is 2, but by
fied in the method, this compound is not dissolved. decreasing the initial organic modifier content to 8% the reso-

lution between these peaks is increased to 4.9. It becomes
evident that decreasing the initial concentration beyond 7%
could potentially lead to additional peak resolution, but modi-
fications outside these ranges are considered changes and
require re-validation.

In Figure 4, the flow rate is increased to 2 mL/min to allow
even faster method evaluation.

mﬁg g Initial Acetonitrile Content =11%
10 8 g o 5
5 1 i 5
0 AN A
5 05 1 15 2 25 3 35 4 45 min
mAU E .. L. —1no
15 E Initial Acetonitrile Content = 10%
10 2 Rs=2 - o
5 < / R 5
0° VA Y | G
0 05 1 15 2 25 3 35 4 45 min
mAU 2 o -
15 Initial Acetonitrile Content = 9%
10 I =
i B AW, 3 ]
0 -
0 05 1 15 2 25 3 35 4 45 min
< Initial Acetonitrile Content = 8%
A A
0 05 1 15 2 25 3 35 4 45 min
Figure 4. Modification of organic content to improve resolution. Fast method development with Agilent Poroshell 120 EC-C18.
1. Impurity E
2. Cefepime 5
3. Impurity F . b
4. Impurity A 1 mL/min s
5. Impurity B 4 155 Bar
J\.
- 3 4 5 6 7 8 9 min
mAU &
1.5 mL/min

225 Bar

min

4.428

2.0 mL/min
300 Bar

2 3 4 5 6 7 8 9 min

Figure 5. Final optimization of USP cefepime impurity Method, 8% initial acetonitrile at varied flow rates, using Agilent Poroshell 120 EC-C18
4.6 x 75 mm column.
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Table 3.
Requirement: Agilent Poroshell 120 EC-C18 4.6x75 mm, 2.7 pm

1 mL/min 1.5 mL/min 2 mL/min
156 bar 221 bar 300 bar
Tf<15 1.28 1.28 1.30
N>4000 18288 11993 7250
k'>0.6 14 14 14
Rs C/a 5.9 5.9 5.9
Rs C/b 10.7 10.7 10.7

Modifications outside these ranges are considered changes
and require re-validation. If the analyst chooses to use a
shorter column, such as a 4.6 mm x 50 mm, the same analy-
sis could be accomplished in potentially 20% of the time.
Further only 20% of the solvent would be used. However, this
would require a complete revalidation. In cases such as assay
methods, it might be easier to justify revalidation of a method,
but impurity methods, are run less frequently. Tables 2 and 3
indicate that this analysis could easily be reduced in time
from 36 minutes to 7.2 minutes without any need for new
equipment, with an 80% reduction in analysis time. This
would allow a lab to assay an incoming raw material within
two hours of receipt instead of within 24 hours of receipt.

Conclusion

Laboratories performing compendia analysis with 250 mm
fully-porous LC columns can benefit from the increased
speed, resolution, and sensitivity that superficially porous,
Poroshell 120 columns provide without having to replace
existing instrumentation. The 75 mm column length is within
the allowed modification range of USP and EP guidelines.
Faster analysis times resulting in higher throughput and
greater productivity can be achieved with Poroshell 120
columns. Method adjustments to these compendia methods
with shorter length columns and the smaller 2.7 pm particle
size provide these improved results.
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Fast Analysis of lllicit Drug Residues

on Currency using Agilent Poroshell
120

Application Note

Forensics and Toxicology

Abstract

lllicit drugs. like cocaine, are frequently found on US currency. While a more interest-
ing perception might be that all bills were used to inhale the drug, the truth is much
more mundane. Drug trafficking is thought to be the initial source of drug residues on
a small percentage of bills, and because these compounds are fine powders, they are
easily transferable from one surface to another. As money is processed through count-
ing machines and automated teller machines (ATM), small amounts of drugs are readi-
ly transferred. An Agilent application note (Agilent Publication Number 5990-4254EN)
details an application kit for the screening of 25 compounds considered in forensic and
toxicology analyses using an Agilent 1200 Series LC system with an Agilent 6410
Triple Quadrupole LC/MS. In this work, an Agilent Poroshell 120 EC-C18 column is
used to analyze 25 compounds found in the Agilent LC/MS Toxicology Test Mixture
(Agilent p/n 5190-0470). This ammonium formate/acetonitrile gradient analysis is
scaled using faster flow rates to shorten analysis time and exploit the low back pres-
sure of this superficially porous column. Calibration curves for each of the 25 com-
pounds are generated, and as a demonstration of the method a S1 bill was extracted

into methanol, analyzed and quantified.
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Introduction

The interest in superficially porous particles has led to discus-
sions of method transfer from larger 5-pm totally porous parti-
cles, as well as from sub-2-um totally porous particles. The
high efficiency of superficially porous particles is similar to
sub-2-pm totally porous particles. This is due to short mass
transfer distance and substantially narrower particle size dis-
tribution.

The benefit of transferring from larger particle columns is very
significant time savings, because the superficially porous par-
ticles are optimally run at faster flow rates (usually double)
and are able to achieve similar resolution with a much shorter
column length [1-2]. Because analysts will likely change col-
umn length and flow rate when transferring from larger totally
porous particles to superficially porous columns, calculations
must be performed to proportionally scale a gradient method
and preserve the chromatographic selectivity (Equation 1).

Equation 1
. :t]- 2L, F
el tF

Where:

* t,andt, are the original and new gradient times (min)
* d, and d, are the original and new column internal diameters (mm)
* L, and L, are the original and new column lengths (mm)

* F,and F, are the original and new flow rates (mL/min)

In some cases, it may be useful to take advantage of the
lower back pressure associated with superficially porous
columns as compared to totally porous sub-2-pm columns.
Depending upon operating conditions, the back pressure can
be up to 50% less. This can give analysts the freedom to
increase flow rates for higher throughput, or to increase
column length to enhance resolution without exceeding the
system pressure limits. Adjustments to flow rate and/or col-
umn length will require gradient scaling (Equation 1).
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Method transfer can be especially easy, when columns like
the superficially porous Agilent Poroshell 120 EC-C18 and
totally porous Agilent ZORBAX Eclipse Plus C18 are manufac-
tured to have similar bonding chemistries and use similar
retention mechanisms. Figure 1 shows the similar retention of
90 compounds on Poroshell 120 EC-C18 and Eclipse Plus C18
columns using a generic gradient analysis with a variety of
compounds from different chemical classifications. The high
correlation coefficient (R?) indicates a high degree of similari-
ty between the interactions involved in the separation on the
two C18 columns, while the slope =1 implies similar interac-
tion strengths [3-4]. However, while many compounds give
similar selectivity, it cannot be guaranteed that every applica-
tion will transfer without adjustment.

This application note shows how a Poroshell 120 column can
be used in a complex analysis, previously performed on a

1.8 um column. This separation was demonstrated on Eclipse
Plus in a previous Agilent application note (Publication
Number 5990-4254EN) [5]. A 25-component LC/MS
Toxicology Test Mixture (Agilent p/n 5190-0470) is used to
illustrate the interchangeability between the two columns.
Calibration curves for each of the 25 compounds on Poroshell
120 are constructed. A $1 bill is extracted in methanol to
show significant presence of cocaine, as well as noticeable
quantities of oxycodone, methamphetamine, PCP and THC.
Trace amounts of several more illicit and prescription drugs
can be detected also. Drug trafficking is assumed to be the
cause for their initial presence on US currency, while ATM'’s
and counting machines are likely the cause of their wide-
spread presence [6]. Additionally, this gradient analysis is
transferred to a Poroshell 120 SB-C18 column, which shows
some selectivity differences; however it can be run at higher
temperatures to allow for even faster flow rates and analysis
times. Agilent Poroshell 120 columns are availabe with two
different C18 phases in order to change selectivity and still
have a C18 column choice. Flow rates were increased to
reach 400 and 600 bar to show performance achievable on
both conventional HPLC's and newer UHPLC's.



Agilent Poroshell 120 EC-C18 has Very Similar Selectivity to Agilent ZORBAX Eclipse Plus C18
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Furazolidone
Chloramphenicol
Pyrimethamine
Sulfaquinoxaline
Sulfamonomethoxine
Nimopidin
Sulfadimethoxine
Sulfamethoxazole
Sulfachloropyridazine
Sulfamethoxypyridazine
Sulfamethizole
Sulfamethazine
Sulfamerazine
Sulfathiazole
Sulfadiazine
Benzaldehyde
lodobenzene
Phenanthrene

Figure 1.

(Agilent p/n 959941-902)

Biphenyl

Acenaphthene

Methoxy naphthalene
Anisole

Dimethoxy benzene
Corticosterone

Alpha hydroxyprogesterone
Porgesterone

Alpha hydroxyprogesterone
Prednisolone

Mestranol
Deoxycorticosterone
Progesterone
Chlorphenamine

Berberine

Impramithue
Norethindrone

Phenacetin

Acetanilide

Fenoprofen

Catechol

Phenol

Resorcial

Hydroquinone

4 nitro phenol

0 cresol

P cresol

3,4 dimethyl phenol

2,3 dimethyl phenol

2 nitro phenol

2,4 dimethyl phenol

2,5 dimethyl phenol

1 napthol

Imipramine hydrochloride
D methionine

3,4 dihydroxy-I-phenyl alanine
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Mobile phase:

B: Acetonitrile
Gradient:

95% B for 1 min
Flow rate: 2 mL/min
Sample:

DL phenylalanine
Doxepin hydrochloride
Ephedrine hydrochloride
Loperamide

Procaine hydrochloride
Fenoprofen calcium salt hydrate
Erythromycin

Econazole nitrate
Gemfibrozil

Beta estradiol
Metoprolol

Prednisone

Protriptyline
2-hydroxyhippuric acid
Hydroxyisophthalic acid
Flufenamic acid
Pramoxine hydrochloride
Naproxen

Scatter plot of retention time of 90 compounds on Agilent Poroshell 120 EC-C18 versus Agilent Eclipse Plus C18.

A: 10 mM ammonium formate, pH 3

5% B at t, ramp to 95% B in 2 min, hold

1 pL of T mg/mL standard in H,0

Oxybutynin chloride 1
Diphenhydramine

Diflunisal

Nisoldipine

Diclofenac sodium salt
Hydrocortisone

4 hydroxybenzoic acid
Procainamide hydrochloride
Lidocaine

Terfenadine

Terfenaine

Chlortetracycline hydrochloride
Chlorpheniramine maleate salt
Chloramphenicol

Buspirone hydrochloride
Benzocaine

Antipyrine

Acetylsalicyclic acid



Experimental

An Agilent 1200 Series Rapid Resolution LC (RRLC) system
with an Agilent 6410 Triple Quadrupole LC/MS system was
used for this work:

+ (G1312B Binary Pump SL with mobile phase A: 5 mM

ammonium formate with 0.01% formic acid, and B: acetoni-

trile with 0.01% formic acid. Gradient was 10% B at t;,
ramp to 15% B, ramp to 50% B, then ramp to 95% B and
hold 95% B. Gradient times vary depending on column
dimensions and flow rate (Table 1).

+ (G1367C Automatic Liquid Sampler (ALS) SL. Injection
volume was 1.0 pL.

* (G1316B Thermostated Column Compartment (TCC) SL
with temperature set to 60 °C or 90 °C (on Poroshell 120
SB-C18 only).

+ G6410A Triple Quadrupole LC/MS: electrospray AP-ESI,
drying gas temperature and flow: 350 °C,
12 L/min, nebulizer gas pressure: 30 psi, capillary voltage:
2000V, in dMRM mode, transitions found in Table 2.

+ MassHunter versions B.02.01, B.02.00 and B.03.01 were
used for data acquisition, qualitative and quantitative
analyses respectively.

Three Agilent columns were used in this work:

+ Agilent Poroshell 120 EC-C18, 2.1 mm x 100 mm, 2.7 pm
(p/n 695775-902)

 Agilent Poroshell 120 SB-C18, 2.1 mm x 100 mm, 2.7 pm
(p/n 685775-902)

» Agilent ZORBAX RRHT Eclipse Plus C18, 2.1 mm x
100 mm, 1.8 pm (p/n 959764-902)

The compounds of interest are shown in Table 2, with their
respective retention times on Poroshell 120 EC-C18 at

0.5 mL/min, and their qualitative and quantitative MRM tran-
sitions. Sample is a 1 pg/mL standard in methanol purchased
from Agilent Technologies (LC/MS Toxicology Test Mixture,
Agilent p/n 5190-0470). Serial dilutions in methanol were pre-
pared for the calibration standards. The S1 bill sample was
extracted in 7 mL of methanol and ultrasonicated for 30 min.
Additionally, acetonitrile, formic acid and ammonium formate
were purchased from Sigma Aldrich (Bellefont, PA). Methanol
was purchased from Honeywell, Burdick and Jackson
(Muskegon, MI). Water used was 18 M-Q Milli-Q water
(Bedford, MA).

Table 1. HPLC Method Parameters for Various Columns and Conditions
2.1 x 100 mm
1.8-pym 2.1 x 100 mm 2.1 X 100 mm 2.1 x 100 mm 2.1 x 100 mm 2.1 X 100 mm 2.1 x 100 mm
Agilent 2.7-pm 2.7-pm 2.7-pm 2.7-pm 2.7-pm 2.7-pm
ZORBAX Agilent Agilent Agilent Agilent Agilent Agilent

Gradient and method Eclipse Plus Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120

parameters c18 EC-C18 EC-C18 EC-C18 SB-C18 SB-C18 SB-C18

Flow rate (mL/min) 0.5 05 0.7 1.0 0.5 0.9 1.4

10% B (min) 0.00 0.00 0.00 0.00 0.00 0.00 0.00

15% B (min) 0.50 0.50 0.36 0.25 0.50 0.28 0.18

50% B (min) 3.00 3.00 214 1.50 3.00 1.67 1.07

95% B (min) 4.00 4.00 2.86 2.00 4.00 222 1.43

95% B (min) 6.00 6.00 429 3.00 6.00 333 214

Stop time (min) 6.00 6.00 429 3.00 6.00 3.33 214

Post run time (min) 2.00 2.00 1.43 1.00 2.00 1.1 0.71

Overall cycle time (min) 8.00 8.00 57 4.00 8.00 4.44 2.86

TCC temperature (°C) 60 60 60 60 90 90 90

Injection volume (pL) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

System pressure (bar) 375 280 385 550 195 370 595




Table 2. MRM Transitions for 25 Compounds in Toxicology Test Mixture

Compound Precursor Fragmentor  Product Collision Product Collision Retention Delta retention
name ion voltage ion1 energy 1 ion2 energy 2 time (min) time
Codeine 300.2 158 165.1 45 58.1 29 0.89 0.4
Oxycodone 316.2 143 298.1 17 256.1 25 1.14 0.4
Amphetamine 136.1 66 119.1 5 91 17 1.19 0.4
MDA 180.1 61 163 5 105 21 1.25 0.4
Hydrocodone 300.2 159 199 29 128 65 1.34 0.4
Methamphetamine 150.1 92 19 5 91 17 1.43 0.4
MDMA 194.1 97 163 9 105 25 1.46 0.4
Strychnine 335.2 195 184 a 156 53 1.66 0.4
Phentermine 150 66 133 5 91 25 1.66 0.4
MDEA 208.1 107 163 9 105 25 18 04
Heroin 3702 149 268.1 37 165 61 24 0.4
Cocaine 304.2 138 182.1 17 7 61 2.52 0.4
Meperidine 248.2 128 220.1 21 1741 17 2.59 0.4
Trazodone 3722 159 176 25 148 37 2.95 0.4
PCP 244.2 86 91 a 86.1 9 3.05 0.4
Oxazepam 287 150 269 12 241 20 3.66 0.4
Nitrazepam 282.1 148 236.1 25 180 41 3.66 0.4
Verapamil 4553 158 165 37 150 45 3.75 0.4
Lorazepam 321 102 275 21 194 49 3.75 0.4
Methadone 3102 12 265.1 9 105 29 3.83 0.4
Alprazolam 309.1 179 281 25 205 49 3.84 0.4
Temazepam 3011 17 255.1 29 177 45 4.05 0.4
Proadifen 354.2 153 167 29 9.1 45 4.33 0.4
Diazepam 285.1 169 193 45 154 25 44 0.4
THC 315.2 150 1932 20 1233 30 5.4 0.4

Results and Discussion

Figure 2 shows the original method developed by P. Stone on
an Agilent ZORBAX Eclipse Plus C18 2.1 mm x 100 mm,

1.8 pm column. This analysis is accomplished in 6 min with a
2-min post run time at 375 bar. Figure 3 shows the same
method with an Agilent Poroshell 120 EC-C18 2.1 mm x

100 mm, 2.7 pm column. Analysis and post run time are iden-
tical to the Eclipse Plus method, while the system back pres-
sure is reduced to 280 bar. While there are slight variations
between elution patterns in Figures 2 and 3, overall selectivity
is very similar, as would be predicted by Figure 1.
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Original Toxicology Method on Agilent ZORBAX Eclipse Plus C18 2.1 mm x 100 mm, 1.8 pm (Agilent p/n 959764-902)
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A:5mM ammonium formate w/ 0.01% formic acid (1 L water + 0.3153 g ammonium formate + 0.1 mL formic acid),

B: acetonitrile w/ 0.01% formic acid (1 L acetonitrile + 0.1 mL formic acid); 0.5 mL/min; 10% B at t,, ramp to 15% B in 0.5 min,

ramp to 50% B in 2.5 min, ramp to 95% B in 1 min, hold 95% B for 2 min; stop time 6 min, post run 2 min;

Sample: injector program: draw 5 pL water, draw 1 pL LC/MS Toxicology Test Mixture (p/n 5190-0470), inject; TCC =60 °C

MS Source: electrospray AP-ESI, drying gas temperature and flow: 350 °C, 12 L/min, nebulizer gas pressure: 30 psi, capillary voltage: 2000V;
MS Acquisition: dynamic MRM (see Table 2 for MRM transitions), positive ionization polarity

Figure 2. Agilent LC/MS Toxicology Test Mixture (Agilent p/n 5190-0470) analyzed on Agilent ZORBAX Eclipse Plus C18 via an Agilent 1200 Series LC system
with detection by an Agilent 6410 Triple Quadrupole LC/MS.

Original Toxicology Method on Agilent Poroshell 120 EC-C18 2.1 mm x 100 mm, 2.7 pm (Agilent p/n 695775-902)
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A:5mM ammonium formate w/ 0.01% formic acid (1 L water + 0.3153 g ammonium formate + 0.1 mL formic acid),

B: acetonitrile w/ 0.01% formic acid (1 L acetonitrile + 0.1 mL formic acid); 0.5 mL/min; 10% B att_, ramp to 15% B in 0.5 min,

ramp to 50% B in 2.5 min, ramp to 95% B in 1 min, hold 95% B for 2 min; stop time 6 min, post run 2 min;

Sample: injector program: draw 5 puL water, draw 1 uL LC/MS Toxicology Test Mixture (p/n 5190-0470), inject; TCC =60 °C

MS Source: electrospray AP-ESI, drying gas temperature and flow: 350 °C, 12 L/min, nebulizer gas pressure: 30 psi, capillary voltage: 2000V;

MS Acquisition: dynamic MRM (see Table 2 for MRM transitions), positive ionization polarity

Figure 3. Agilent LC/MS Toxicology Test Mixture (Agilent p/n 5190-0470) analyzed on Agilent Poroshell 120 EC-C18 via an Agilent 1200 Series LC system with
detection by an Agilent 6410 Triple Quadrupole LC/MS.
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Table 3 shows calibration data for all 25 compounds found in
the Agilent LC/MS Toxicology Test Mixture on Poroshell 120.
All compounds exhibit strong linear correlations, with R?

> 0.9979. Calibration data was used to quantify a methanol-
extracted US S1 bill sample; chromatographic and quantitative
results are shown in Figure 4. A significant amount of cocaine

Table 3. Calibration Data for 25 Toxicology Compounds on Poroshell 120

was found on the dollar bill. Oxycodone, methamphetamine,
PCP and THC were also detected. Smaller quantities of
amphetamine, hydrocodone, MDMA, heroin, methadone and
diazepam were also found. Quantities of these substances on
US currency are consistent with previous findings [6-8].

Compound name Linear calibration curve

Correlation coefficient, R?

Codeine y=25.4023 x +3.1628
Oxycodone y=138.9535 x—0.6269
Amphetamine y=196.3425 x +50.1606
MDA y=121.2945 x + 180.2165
Hydrocodone y=72.1351x-8.1010
Methamphetamine y =286.7936 x +429.4970
MDMA y=121.4217 x —55.0435

Phentermine y=110.8083 x—65.1028

Strychnine y=239.3465x—-9.5339
MDEA y=200.4804 x —14.2886
Heroin y=18.2969 x + 0.4442
Cocaine y=295.8654 x —5.6261
Meperidine y=145.0367 x +17.2273
Trazodone y=286.1986 x —12.4408
PCP y =287.4395 x —24.8090
Oxazepam y=14.7883 x—0.4919
Nitrazepam y=49.1750 x + 69.2747
Verapamil y=273.3001 x + 17.3890
Lorazepam y=11.2911 x + 6.0687
Methadone y=439.7238 x —6.7890
Alprazolam y=280.2721 x + 18.5435
Temazepam y=70.9899 x +15.5246
Proadifen y=243.9474 x—13.0696
Diazepam y=68.9622 x + 26.0608
THC y=3.1838 x—2.7072

0.99990276
0.99938632
0.99987385
0.99945701
0.99964622
0.99789141
0.99874569
0.99914972
0.99964358
0.99980092
0.99987634
0.99963342
0.99986118
0.99969366
0.99989199
0.99900677
0.99876656
0.99986678
0.99896851
0.9997511
0.99969734
0.99976598
0.99990655
0.99948978
0.99801611

Oxycodone, Amphetamine, Hydrocodone, Methamphetamine, MDMA, Heroin, Cocaine, PCP, Methadone,
Diazepam and THC are Extracted from a US $1 Bill and Quantified
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Figure 4. Chromatographic and quantitative results from a random US S1 bill sample extracted with 7 mL of methanol and ultrasonicated for 30 minutes.

62



Due to the low system back pressure generated with the
Poroshell 120 column, the flow rate can be increased from
0.5 mL/min to 0.7 mL/min without exceeding 400 bar for use
on a standard HPLC, or it can be increased to T mL/min with-
out exceeding 600 bar for use on a UHPLC, as shown in
Figure 5. The increased flow rate may be desirable when high
throughput is important and when a UHPLC is available for
use. Overall cycle time can be decreased by 2.3 minutes while
keeping pressure below 400 bar, or by 4 minutes while keep-
ing pressure below 600 bar (a 50% reduction in cycle time).
Increasing the flow rate to this degree does cause some loss
in resolution, but with MS detection this is not critical.

Significant Time Savings are Possible by Increasing Flow Rate with Agilent Poroshell 120
EC-C18 to LC System Pressure Limits, whether 400 or 600 bar
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0.5 mL/min, 280 bar (Original method)
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05 | . o
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Figure 5. Overlay of Agilent Poroshell 120 EC-C18 toxicology analysis showing time savings by increasing flow rate to reach a 400 or 600 bar system limit.
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Flow rate can be further increased by elevating temperature, at the cost of reduced resolution. For an analysis as complex

thereby reducing mobile phase viscosity. The original method as this toxicology method, this loss of resolution and
however was run at 60 °C, which is the maximum operating significant coelution will cost the analysts a reduction in data
temperature for both Eclipse Plus C18 and Poroshell 120 points across all peaks, therefore reducing the quality of the
EC-C18. In order to perform this analysis at a higher tempera- results. A simple solution may be to increae column length. A
ture, the column must be replaced with a Poroshell 120 SB- slight increase in column length from 100 mm to 150 mm will
C18, which has a maximum operating temperature of 90 °C. increase the resolution of all compounds. While the longer
Figure 6 shows the fast chromatography possible with column cannot be run at quite as fast flow rates the analyst
Poroshell 120 SB-C18. With a 600 bar system pressure limit, it can still glean significant time savings by running it at its
is possible to reduce run time by 64.3%, however this comes respective highest flow rate without exceeding system
limitations.

Very Significant Time Savings are Possible by Increasing Temperature and Flow Rate with Agilent Poroshell 120
SB-C18 to LC System Pressure Limits, whether 400 or 600 bar
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Figure 6. QOverlay of Agilent Poroshell 120 SB-C18 toxicology analysis showing time savings by increasing temperature and flow rate to reach a 400 or
600 bar system limit.
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Conclusion

A complex analysis of 25 toxicology compounds, that was
originally performed on an Agilent ZORBAX Eclipse Plus C18
column, was easily carried out on a superficially porous
Agilent Poroshell 120 EC-C18 column with high quality results
and substantial time savings. Other complex analyses can
likely be transferred from 1.8-pm Eclipse Plus C18 to
Poroshell 120 EC-C18 of the same dimensions without
method modification, due to very similar selectivity and effi-
ciency. The lower back pressure of Poroshell 120's 2.7-ym
particles can be exploited for productivity gains; faster flow
rates may be used to shorten analysis time without exceeding
system pressure limits for 400 bar HPLC's or higher pressure
UHPLC's. This method was used to detect and quantify sever-
al drugs of abuse found on a $1 bill, including: cocaine, oxy-
codone, methamphetamine, PCP and THC.
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Abstract

The Agilent 1290 Infinity LC system has significant capabilities for a wide range of
HPLC and UHPLC applications. It exhibits a broader power range (for example, the
combination of pressure and flow capabilities), and the flexibility to operate a wide
range of column dimensions and particle sizes than any other commercially avail-
able system. Advanced optical design in the diode array detector allows a wide
dynamic range and high sensitivity, both of which are critical in the monitoring of
small impurities in fine chemicals.

The combined benefits are demonstrated by a separation of primary components
and related impurities including sulfa drugs, nitrofurans and malachite green found
in samples of fish medications. A broad range of products for treating ailments in
decorative or pet fish are available. Many of these medications are banned or
restricted for use in edible fish. If present in edible fish, the levels would be very low
or undetectable by HPLC with UV based detection. These examples show a few
medications and detail the rapid method development used to establish a rapid MS-
compatible separation environment. Many fish medications advertise the use of
“pharmaceutical quality” ingredients, and may imply pharmaceutical quality manu-
facturing and quality control procedures. When profiling these products one should
expect to see very low levels of related impurities, consistent with the goals of
pharmaceutical quality manufacturing

The high pressure capability of the system allows the use of methanol, and acetoni-
trile, to explore the selectivity of the two solvents. At 1 mL/min, using a simple

3 minute gradient and a 3.0 mm x 50 mm Poroshell 120 column, the analysis time is
only less than 5 minutes including the late eluting phthalate artifact. The separation
of the main components of a medicated powder with acetonitrile and methanol is
shown in Figure 1, and the extraction of a medicated feed is shown in Figure 2.
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The speed, resolution and flexibility of
the system are further demonstrated by
a separation of a sulfa standard mix
using solvent, gradient and temperature
optimization with a 100 mm length
Poroshell 120 column ( see Figure 3).

After further optimization of the sulfa
mix using methanol with the elevated
temperature, all of the samples were
run with the final method configuration,
as shown in Figure 4.

Configuration

* Agilent 1290 Infinity Binary Pump with
Integrated Vacuum Degasser
(G4220A)

+ Agilent 1290 Infinity Autosampler
(G4226A)

* Agilent 1290 Infinity Thermostatted
Column Compartment (G1316C)

+ Agilent 1200 Diode Array Detector
(G1315C)

Conclusion

Taking advantage of flexible solvent and
column selection features, and high
pressure capability, of the system allows
one to use highly efficient columns to
rapidly develop separations with remark-
able resolution while conserving solvent
over the use of 4.6 mm id columns.

Poroshall 120, 2.7 pm, 3 mm x 50 mm 30 °C First 100 mm uses same Poroshall 120, 2.7 pm, 3 mm x 50 mm
ACN 5% to 90% organic v. 0.05% formic acid gradient as 50 mm 30 °C 5% to 90% organic v. 0.05% formic
1 mL/min, 3 min. gradient, 1 pL injection column, now gradient acid 1 mL/min, 3 min. gradient, 1 pL
is too steep injection
\ Decreased gradient Poroshall 120, 2.7 pm, 3 mm x 100 mm
: slope by ~40% 30 °C 5% to 60% ACN at 3, to 90% ACN at 4
Nitrofurazone .
. 1 mL/ min.
/ Malachite green
MeOH \ Primary gradient impurity
Changed column temp * Poroshall 120, 2.7 pm, 3 mm x 100 mm 45 °C
from 30 to 45 °C 5% to 60% ACN at 3, to 90% ACN at 4
1 mL/ min.
“Confirmed by spectral comparison
Figure 1 Figure 3

“Super Ick” medicated powder.

Sulfa standard mixture (Agilent p/n 59987-20033).

Poroshall 120, 2.7 pm, 3 mm x 50 mm 30 °C Poroshall 120, 2.7 pm, 3 mm x 100 mm 45 °C
ACN 5% to 90% organic v. 0.05% formic acid Super Ick packet 5% to 60% MeOH at 3, to 90% at 4
1 mL/min, 3 min. gradient, 1 L injection Nitrofurazone 1 ml/min, 3 min. gradient. 1 pl. injection
. Malachite green
‘\Sulfathlazole
Nitrofurazone
Jungle food Sulfathiazole Nitrofurazone
Sulfathiazole Nitrofurazone
MeOH
Sulfa mix
Figure 2 Figure 4

Separation of “Jungle” medicated fish food after methanol/water/formic
acid extraction.
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Final method configuration.
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Introduction

Sulfonamides were the first chemical substances systemati-
cally used to treat and prevent bacterial infections in humans.
Sulfonamides are bacteriostatic drugs; they work by inhibiting
the growth and multiplication of bacteria without killing them.
Currently, their most common use in humans is treating uri-
nary tract infections. Other newer drugs are used to fight
infections, such as beta-lactam antibiotics. Today, sulfa drugs
are commonly used as antibiotics in veterinary applications;
primarily, they are fed to animals to prevent infection. In addi-
tion, they are also used to fight disease in honey bees.
Residues of these antibiotics are quite often found in honey
samples and are of concern to consumers around the world
due to toxic or allergic reactions. [1,2]

The Agilent Poroshell 120 EC-C18, 2.7-um columns have simi-
lar performance to sub-2-pm completely porous materials, but
since they use 2-um column frits similar to those found on
5-pum columns, they require no additional sample preparation.
This allows a more seamless method transfer.

In this work, a gradient method is transferred and optimized
from a 4.6 x 250 mm, 5-um column to a 4.6 x 100 mm Agilent
Poroshell 120 EC-C18 column. Gradient time was decreased
from 30 min to 8 min. Time can be further reduced to less
than 4 min using a 4.6 x 50 mm column, with some loss of
resolution.

Experimental

An Agilent 1100 Series HPLC modified for Rapid Resolution
LC components was used for this work. This system consist-
ed of a G1312A Binary Pump, capable of delivering up to 400
bar pressure; a G1316A Thermostatted Column Compartment
(TCC), a G1376A High Performance Autosampler, a G1315B
Diode Array Detector equipped with a semimicro flow cell
with a 3-mm path length. When using the Poroshell 120 col-
umn all tubing was changed to 0.12 mm id tubing of the
shortest lengths; the needle seat was changed to a 0.12 mm
id part; and the detector data collection rate was increased to
the fastest setting (40 Hz) in accordance with recommenda-
tions for optimization shown in previous documents and pre-
sentations. [3, 4] Data was collected using Agilent
ChemStation version A.10.02. Columns used in this work
include Agilent ZORBAX Eclipse Plus C18 4.6 x 250 mm,
5-um (p/n 959990-902) and Agilent Poroshell 120 EC-C18

4.6 x 100 mm columns (695975-902).
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The following sulfa drugs were purchased from Sigma
Aldrich: sulfadiazine, sulfathiazole, sulfapyridine, sulfamer-
azine, sulfamethazine, sulfamethazole, sulfamethoxypyri-
dazine, sulfachloropyridazine, sulfamethoxazole, sul-
fadimethoxine. These compounds were prepared in 50/50 v/v
acetonitrile:water at 1 mg/mL and then mixed in equal
amounts to produce a solution of 0.1 mg/mL each.

The milk sample used was Similac. Similac is a commercial
infant formula developed to be similar to breast milk. The
composition of this material is strictly controlled by the manu-
facturer, so its protein composition is uniform, which is unlike
that of milk (Abbott Laboratories Columbus Ohio). The most
commonly used infant formulas contain purified cow's milk
whey and casein as a protein source, a blend of vegetable oils
as a fat source, lactose as a carbohydrate source, a vitamin-
mineral mix, and other ingredients.

A 2-mL aliquot of Similac spiked with sulfadimethoxine

was added to 18 mL of 200:800:1 solution of water:acetoni-
trile:formic acid and shaken vigorously for 1 min. The solution
was then allowed to stand for 3 min and an aliquot was trans-
ferred to a centrifuge tube. The tubes were centrifuged at
5000 rpm for 5 min. The solution was transferred to an auto
sampler vial without further filtration.

Discussion

Faster analyses with small particle columns have been
demonstrated for several years. However, unlike 5 or 3.5-pm
columns, smaller frits are required to keep the packing mater-
ial in the column. A 2-pm frit is used to hold in particles of 5
and 3.5 micron size. For particles that are 3 pm or smaller,
frits of 1 or 0.5 pm are required. A totally porous particle will
have a particle size distribution that is 25% greater than a
superficially porous particle. A narrow particle size distribu-
tion material such as Poroshell 120 can be held in the column
using a 2 um frit. If the frit size on the new column is smaller
than that on the older column, more care must be taken with
sample preparation when transferring the method, to prevent
clogging the frit with a dirty sample. [5] By keeping the col-
umn frit at a larger size no additional sample cleanup is
required when transferring a method from a 5 or 3.5 pm col-
umn to a Poroshell 120 column.



The initial method shown in Figure 1 demonstrates a ten com-
pound separation using a 4.6 x 250 mm, 5 pm column and a
30-min gradient. The separation yields baseline resolution on
most compounds, and a minimum resolution of 1.7 on one
peak pair. This separation may not have received further opti-
mization due to the lengthy experiments required. The method
is transferred to a 2.7 ym superficially porous column in sev-
eral short steps:

1. Transfer of the gradient (gradient of the original method
is proportionally shortened to the column length to main-
tain the original separation, preserving k’). Since the orig-
inal method time was 30 min and the original column was
250 mm, using a 100 mm column at the same flow rate
shortens the gradient time by 100/250 or 0.4. The injec-
tion volume is also decreased by the same amount.
[4,6,7] This is shown in Figure 2.

Initial 30-min separation of 10 sulfa drugs using an Agilent ZORBAX Eclipse Plus C18, 4.6 x 250 mm, 5 pm column
mAU 1A:?1i|:;t2”|03 No Mlilx;r1Gr§t(a)r(1;Tubing “Homer” Most Critical Pair Tirge %8B
i Tlow cel .S = —
100 = Re1.21 30 23
@ 33 33
- 34 8
807 Pressure = 110 bar N =
= N > 2 1 ml/min 254 nm 5 pl injection
= = & o A: 0.1 % Formic Acid in Water
60 il N e B: 0.1 % Formic Acid in MeCN
© b S 46x250mm Eclipse Plus C18 5pym
> S
40 &
= S
o
S
20
0 L
T T T T T T
5 10 15 20 25 30 min

Figure 1. A separation of 10 sulfa drugs on an Agilent ZORBAX Eclipse Plus C18 4.6 x 250 mm, 5 pm in 30 min using a formic acid/acetonitrile gradient.

Agilent 100 No Mixer Green Tubing “Homer”

Injection volume and gradient scaled from a 250 mm column (Figure 1) to a 100 mm column

mAU 1315B 2 pL Flow Cell 0.1s 30C
~
1204 Pressure =172 bar i Time %B
- 0 8
2 10 33
100 = o 1 33
W R AR 12 8
80+ s 2 w = 1 ml/min 254 nm 2 pl injection
@ = A: 0.1 % Formic Acid in Water
60 § B: 0.1 % Formic Acid in MeCN
N 4.6 x 100 mm Poroshell EC-C18 C18 2.7um
=3
40 e
~
o
20
. |
T T T T T T
2 4 6 8 10 12 min

Figure 2. A separation of 10 sulfa drugs on an Agilent Poroshell 120 EC-C18 4.6 x 100 mm, 2.7 um column in 12 min using a formic acid/acetonitrile gradient.
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2. Flow rate is increased, but the number of column vol-
umes in the separation is maintained, as seen in Figure 3.
k" is preserved in a separation by keeping gradient steep-
ness (G,) constant on similar columns. Using the formula,
shown as Equation 1.

Equation 1. G= (V,,/F)A%B/tg) [7].

and rearranging the formula to
Equation 2. (F)(tg)= ((A%B) (V) / G)
where

Fis flow rate,

tg is gradient time,

V., is column volume,

A%B is the change in solvent strength.

We find that we can shorten gradient time by increasing flow
rate. So our initial separation of 8 to 33% B at 1 mL/min over
10 min is converted to 8 to 33 % at 1.5 mL/min over 6.7 min
and finally 8 to 33 % B over 5 min at 2 ml/min. (1 mL/min x
10 min = 1.5 mL/min x 6.7 min = 2 mL/min x 5 min) following
the formula below:

Equation 3. t,=t,x F

Fy
where
t, is time of new gradient
t, is time of old gradient

F, is new flow rate
F, is old flow rate

Agilent 1100 No Mixer Green Tubing “Homer”
1315B 2 pl flow cell 0.1s30C

Flow Rate increased from 1 mL/min (Figure 2) to 1.5, and then to 2 mL/min to optimize for a smaller particle size

(=]
mAU = Time %B
120 © 0 8
i = & 6.7 33
100 o BT 283 g 74 33
804 a5 3 o N 1.4 8
o 8 o
60 N o 1.5 ml/min 254 nm 2 pl injection
© A: 0.1 % Formic Acid in Water
40 B: 0.1% Formic Acid in MeCN
20 4.6 x 100 mm Poroshell EC-C18 C18 2.7uym
0 l T T T T T
2 4 6 8 10 min
Agilent 1100 No Mixer Green Tubing “Homer” Time %B
mAU 1315B 2 pl flow cell 0.1s 30 C 0 8
120 4 5 33
55 33
100 + 5.9 8
80 - 2ml/min 254 nm 2 pl injection
60 A: 0.1 % Formic Acid in Water
B: 0.1 % Formic Acid in MeCN
40 4.6 x 100 mm Poroshell EC-C18 C18 2.7pym
20
0 — T T T T T
2 4 6 8 10 min
Figure 3. A separation of 10 sulfa drugs on an Agilent Poroshell 120 EC-C18 4.6 x 100 mm, 2.7 um column showing the flow rate and gradient scaled from

1 mL/min (Figure 2), to 1.5 mL/min, and finally to 2 mL/min, resulting in a 6 min separation using a formic acid/acetonitrile gradient.
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3. Optimization of the gradient. Since the experiment can be
run in a fraction of the time required in the original exper-
iment, several quick gradient changes are made leading
to an even faster separation or perhaps better resolution.
This is accomplished in less than 1 hr. Some of this work
could have been performed on the longer column, but
due to the longer analysis times, analysts would need to
spend 4 to 8 hr to accomplish this step. Figure 4 demon-
strates the steps taken to optimize selectivity on the
Poroshell 120 column.

Gradient rapidly optimized for Agilent Poroshell 120 EC-C18 column selectivity
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Figure 4. Optimizing a separation of 10 sulfa drugs on a 2.7 um Agilent Poroshell 120 EC-C18 column, by adjusting the formic acid/acetonitrile gradient. (a)
Original Scaled Chromatogram from 250 mm column, at 1 ml/min.(also shown in Figure 2) (b) Chromatogram scaled to faster flow rate of 1.5 ml/min
shortening analysis time by 33 %. (also shown in Figure 3)(c) Chromatogram scaled to faster flow rate of 2 ml/min shortening analysis time by 50 %.
(d) Adjusting gradient program to improve selectivity of peak pair 6,7. (e) Adjusting gradient program to improve selectivity of peak pair 2,3.
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4. Complete optimization of the Agilent 1100 LC system.
With small columns, additional performance gains can be
made with attention to instrument configuration. The
most important parameter is detector speed. In this case,
the detector is set to maximum collection rate (40 Hz).
Other important factors include: minimizing the tubing,
changing the flow cell to smaller volume to reduce peak
broadening, and changing the injector seat to a smaller
volume. The initial 260-mm method is overlaid with the
new 100-mm method in Figure 5. These chromatograms
show the significant time savings, with the last peak on
the new, faster method eluting before the first peak on
the older 5-pm method.

Finally, a sample of milk simulant, Similac, spiked with sulfa-
dimethazine is extracted by precipitation of proteins with
acidified acetonitrile. The sample is shaken and allowed to
stand for 5 minutes before being decanted. As can be seen in
the scatter plot, (Figure 6), no change in the pressure is noted
over the period of testing. In addition, the efficiency remains
nearly constant. The analysis of this unfiltered protein precipi-
tated milk sample demonstrates the ruggedness of the
Agilent Poroshell 120 EC-C18 column.

Ten sulfa drugs elute on an Agilent Poroshell 120 EC-C18 4.6 x 100 mm, 2.7 ym column before the
first compound elutes on a 4.6 x 250 mm, 5 pm column in under 400 bar

mAU
100 -
=~
80 | =5 3
i = N 8
60 | § % 8
© N
40 | >
20 |
0 . T T T T T
5 10 15 20 25 30 min
mAU Pressure 325 bar
250 + >
» % - Faster analysis (shorter column, higher flow rate)
200 | = o * More sensitive (smaller particle sharpens peak)
i N § - Better optimized (shorter analysis allows faster tweaking)
150 3 ?:g « Both run on Agilent 1100 G1315B DAD (under 400 bar)
4 2 - No change in sample prep required (2-um frit used on both
100 columns)
50 |
0 L T T T T T T
5 10 15 20 25 30 min
Figure 5. A separation of 10 sulfa drugs scaled from an Agilent ZORBAX Eclipse Plus C18 4.6 x 250 mm, 5 um column to an Agilent Poroshell 120 EC-C18

4.6 x 100 mm, 2.7 um column showing analysis time decreased from 30 min to 8 min using a formic acid/acetonitrile gradient.
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Conclusions

This work has shown that an existing method with a 4.6 x
250 mm, 5 pm C18 column, can be easily adapted to a faster,
but similar, method using an Agilent Poroshell 120 EC-C18 4.6
% 100 mm column. This method can still be used with a tradi-
tional HPLC system, as the maximum pressure is well below
400 bar. Additionally, sample preparation can stay the same,
since both columns use 2-pm frits. The time and solvent sav-
ings gleaned from this method transfer may allow analysts to
further optimize their method parameters, an option that may
not have been reasonable with a significantly longer analysis
time.

105 . . . . .
* ; Spiked Sulfadimethoxine in Similac -
——Pressure
(bar)
K e T
Efficiency
(N)
4] + 300
= 5
= <=3
2 3t + 250 2
) 3
8 2
£ @
w o
2+ + 200
1+ + 150
0 t t f t t t t t } t t = 100
1 101 201 301 401 501 601 701 801 901 1001 1101 1201
Injections
Figure 6. Scatter plot showing the Agilent Poroshell 120 100-mm column (Sulfadimethoxine enduring over

1000 injections of precipitated Similac, efficiency of sulfa drug plotted, no increase in pressure

detected.)
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BA. SS. SAFIDHAKIEIIA TR BI2% . Y=388e+004X-1.866+004, Y=4.64e+004X+4.94e+003, Y=121e+006X+1.97¢+003, Y=5.77e+004X-189e+004, v 154
0999, f1~50u/mURESEER SIEERE REFNEMXR, BIRERRERHEEZ005, 01, 0.2u/mLHE510LR, BA, SA (0.06pg/ml) , S8
(0.lug/mL)  DHA (0.2pg/ml)  EBATIERERS, BIBA. S5, SARIDHAMERE(EAG L Eoy. 05, 10 05, 20ng, %757ABA. SS. SAMIDHAR R
1HRH05, 1.0, 05, 20my/kg,

23 MiREIN RS BEE

A RIFREO.000E— R AN IMHERLNG, EFEHARK, P2 5UEFMNAD.00m200ug/mBA, SS, SAFIDHAIR SRS S RMINFREIL, 12B1.38
FERE, PREAEONBEM HERAE TEASIMR0p/ml, WEZA. IFERHERRE, TEMERE, #RERAXFRAR
g, REZBRHRGE, W H50.27ug/ml, FFESHH11.13ug/mL, BA, SS, SAFIDHARIIIARFIEREAR L. 100.3%, 102.0%, 99.6%. 88.8%, 48
NARERERR S 052%, 093%, 1.74%, 099% (n=6) , RENENENRERERRKA. 050%, 054%, 041%, 063% (n=6) , FBA. SS. SAF
DHASRERRIESMREE . ERARTE, ERHRE.

24 RHBA, SS. SAFIDHARJMMIZER
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food products using the Agilent 1290 Infinity
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Abstract

The Agilent 1290 Infinity LC system has significant capabilities for a wide range of
HPLC and UHPLC applications. It exhibits a broader power range (for example, the
combination of pressure and flow capabilities), and the flexibility to operate a wide
range of column dimensions and particle sizes than any other commercially avail-
able system. Advanced optical design in the diode array detector allows a wide
dynamic range and high sensitivity, both of which are critical in the monitoring of
natural and synthetic food flavorings.

The combined benefits are demonstrated by a separation of primary capsaicinoid
components found in chili pods, sauces and spices. Capsaicin is the primary compo-
nent recognized as the “hot” component of chili peppers, members of the capsicum
family. The capsaicinoid class is comprised of eight or more compounds that vari-
ably contribute a heat component to flavor. Capsaicin or synthetic capsaicin (noni-
vamide) has also been used in topical creams and applications to relieve arthritis,
itching, neuropathy and other ailments. The core structure is phenolic and primary
variation is found in the hydrophobic alkyl chain.

The high pressure capability of the system allows the use of methanol, and acetoni-
trile, to explore the selectivity of the two solvents. Various column configurations,
including porous 1.8 um and superficially porous 2.7 ym materials, were evaluated.
The structure of capsaicin is shown in Figure 1.

HO
IO
\0 N A
0

Figure 1
The structure of capsaicin ((E)-N- (4-hydroxy-3-methoxybenzyl) - 8-methylnon-6-enamide).
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The distinctive spectrum of capsaicin
allows one to use the diode array
detector to interrogate peaks in capsai-
cinoid regions to determine if the com-
pound is likely to be an active compo-
nent. The UV ratio for 229 nm/280 nm
is nominally 2.4 (Figure 2).

After optimization of the standard mix-
ture, a number of extracted samples
were chromatographed (Figure 3).

Cayenne and other pure chili spices and
fresh pods were easily analyzed with
UV detection. Low level samples such
as American paprika and complex
blends such as chili and curry powders
were more likely to show interferences.
The solution to this problem was the

Agilent 1200 Series fluorescence detec-
tor (G1321A) as shown in Figure 4. The
remarkable selectivity and sensitivity of
the FLD minimized or eliminated non-
capsaicinoid peaks from the analyte
region.

Configuration

« Agilent 1290 Infinity Binary Pump with
Integrated Vacuum Degasser
(G4220A)

* Agilent 1290 Infinity Autosampler
(G4226A)

+ Agilent 1290 Infinity Thermostatted
Column Compartment (G1316C)

* Agilent 1200 Series Diode Array
Detector (G1315C)

Conclusion

The flexible solvent and column selec-
tion features, and high pressure capabil-
ity, of the system allows one to use
highly efficient columns to rapidly devel-
op separations with remarkable resolu-
tion while conserving solvent over the
use of 4.6 mm id columns. The added
selectivity of fluorescence detection
provides solutions to unexpected inter-
ferences that would otherwise have
required redevelopment of the separa-
tion method.

Poroshall 120, 2.7 ym, SB-C18, 3 mm x 50 mm
30 °C, 45% ACN v. 0.01% formic acid

0.84 mL/min, 280 nm, 2 g/20mL MeOH, filtr.,
1/1 water dil, filtered

Figure 2

Overlaid extracted UV spectra of capsaicinoid compounds in chili.

Figure 3

Separation of cayenne dried ground spice (CAP- capsaicin, NDHC —

nordihydrocapsaicin, DHC — dihydrocapsaicin).

Poroshall 120, 2.7 pm, SB-C18, 3 mm x 100 mm
30 °C, 45% ACN v. 0.01% formic acid

0.84 mL/min, 229 nm (blue) 280 nm (red),

2 g/20mL MeOH, filtr., 1/1 water dil., filtered

Many low level peaks, no
obvious capsaicinoid peaks

Blue — Paprika
Red — Preceding blank

Poroshall 120, 2.7 pm, SB-C18, 3 mm x 100 mm
30 °C, 45% ACN v. 0.01% formic acid
0.84 mL/min, FLD 280 exc/330 em gain 10

2g/20 mL MeOH, filtr,, 1/1 water dil., filtered

NDHC
CAP
DHC

Figure 4

Comparison of UV and fluorescence signals for American Paprika extract (two frames).
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SB-C18 with LC/MS
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Abstract

An analysis of ten compounds (9 catechins + caffeine) commonly found in green tea
demonstrates similar selectivity on Agilent ZORBAX SB-C18 and Agilent Poroshell 120
SB-C18. The 1.4 min gradient analysis on Poroshell 120 generates linear calibration
curves for all ten compounds through LC/MS. Several bottled and brewed tea sam-
ples are quantified and compared. An unfiltered, undiluted brewed green tea sample
demonstrates a lifetime of more than 1500 injections on the Poroshell 120 column

with a dirty sample at high pressure.

Introduction

Polyphenolic compounds reduce the risk of heart disease, prevent cancer, and
combat other illnesses. A popular source of polyphenols is fresh tea leaves or green
tea, which contain high levels of catechins. Catechins affect the color and flavor of
tea, contributing to the characteristic bitterness associated with tea [1]. Of the cate-
chins found in tea, epigallocatechin gallate (EGCG) is given attention, as it is the
most abundant of the polyphenolic compounds found in tea extract [2].

While all teas originate from the same plant, Camellia sinensis, different processing
methods produce varied teas. The amount of fermentation (oxidation) that a tea leaf
undergoes following harvesting dictates what type of tea the leaf becomes. Tea
leaves begin to wilt and oxidize quickly, if not dried soon after harvesting. During
this process, the leaves darken as chlorophyll breaks down and tannins are
released. The oxidation process is stopped at a controlled time by heating the
leaves and deactivating the enzymes responsible for breaking down chlorophyll.
Black tea is fully oxidized, oolong tea is semi-oxidized and green tea is un-oxidized
[3.4]. Because oxidation lowers the catechin levels, green tea provides the highest
quantity of catechin antioxidants per serving, while black tea delivers the least.
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In this application note, an HPLC method for catechins in tea
developed by Yoshida et al [5] on an Agilent ZORBAX SB-C18
column is transferred to a similar dimension Agilent Poroshell
120 SB-C18 column to demonstrate similar selectivity. The
method is optimized for LC/MS. Calibrations curves are gen-
erated and tea samples, both bottled and brewed, are ana-
lyzed for comparison. Additionally, a lifetime study using an
undiluted, unfiltered brewed green tea sample demonstrates
the benefits of the Poroshell column’s large 2-pm frits with
dirty samples.

While a tea analysis via HPLC is not novel, this method shows
Poroshell 120°s effectiveness in analyzing other natural prod-
uct samples. The Poroshell 120 column is shown to separate
a group of 10 closely related compounds, including four
epimer pairs using a representative sample that is affordable
and easily obtainable.

Experimental

An Agilent 1200 Series Rapid Resolution LC (RRLC) system
with an Agilent 6410 Triple Quadrupole Mass Spectrometer
(QQQ) was used for this work:

G1312B Binary Pump SL with mobile phase A: various
modifiers in H,0 (0.1% H,P0,, 0.2% HCOOH, 0.2%
CH,COOH, 0.02% CF,CO0H, 10 mM CH,COONH,

pH 3.6-5.6, and 10 mM HCOONH, pH 3-4.5), and

B: CH,CN. Gradient was 10% B at t), ramp to 15% B, and
then ramp to 27% B. Gradient times vary depending on
column dimensions and flow rate. See Table 1.

G1367C Automatic Liquid Sampler (ALS) SL, injection vol-
umes are dependent upon specific method parameters.
See Table 1.

G1316B Thermostated Column Compartment (TCC) SL
with temperature controlled at 40 °C.

G6410A QQQ Mass Spectrometer with MS Source: elec-
trospray AP-ESI, drying gas temperature and flow: 350 °C,
10 L/min, nebulizer gas pressure: 50 psi, capillary volt-
age: £ 3500V, in SIM mode, m/z values shown in

Figure 1. Catechins are monitored in negative mode,
while caffeine is monitored in positive mode.

MassHunter versions B.02.01, B.02.00 and B.03.01 were
used for data acquisition, qualitative and quantitative
analyses respectively.

Table 1. Various Method Parameters for Catechin Analysis
Agilent Agilent Agilent Agilent Agilent Agilent Agilent
Agilent ZORBAX RRHT Poroshell 120 ZORBAX RRHT  Poroshell 120 Poroshell 120 Poroshell 120 Poroshell 120
ZORBAX SB-C18, SB-C18, 4.6 x SB-C18,4.6 x  SB-C18,2.1x  SB-C18,2.1 x SB-C18,2.1 x SB-C18, 2.1 x SB-C18, 2.1 x
4.6 x 150 mm, 5 pm 50 mm, 1.8 pm 50 mm, 2.7 pm 50 mm, 1.8 pm 50 mm, 2.7 pm 50 mm, 2.7 pm 50 mm, 2.7 pm 100 mm, 2.7 pm
(p/n 883975-902) (p/n 827975-902) (p/n 689975-902) (p/n 827700-902) (p/n 689775-902) (p/n 689775-902) (p/n 689775-902) (p/n 685775-902)
Flow rate 1.00 1.00 1.00 1.00 1.00 1.25 1.50 0.83
(mL/min)
Mobile phase A 0.1% H,PO, 0.1% H,PO, 0.1% H,PO, 0.1% H,PO, Various additives 0.2% CH,CO0H  0.2% CH,COOH 0.2% HCOOH
inH,0 inH,0 inH,0 inH,0 inH,0 inH,0 inH,0 inH,0
Mobile phase B CH,CN CH,CN CH,CN CH,CN CH,CN CH,CN CH,CN 0.2% HCOOH
in CH,CN
10% B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15% B 7.50 2.50 2.50 0.50 0.50 0.42 0.36 1.25
27% B 15.00 5.00 5.00 1.00 1.00 0.83 0.71 2.50
Stop time (min)  15.00 5.00 5.00 1.40 1.40 1.20 0.95 4.00 (includes
re-equilibration)
Post run 10.00 3.00 3.00 1.00 1.00 0.80 0.60 n/a
time (min)
Overall cycle 25.00 8.00 8.00 240 2.40 2.00 1.55 4.00
time (min)
TCC temperature 40 40 40 40 40 40 40 40
(°C)
Injection volume 15.0 5.0 5.0 1.0 1.0 (LC/UV), 15 15 2.0
(WL) 15 (LC/MS)
Sample 0.03 0.03 0.03 0.03 0.03 (LC/UV), 0.003 0.003 n/a
concentration 0.003 (LC/MS)
(mg/mL)
System pressure 84 169 17 575 380 (LC/UV), 505 585 540
(bar) 425 (LC/MS)
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Catechins from green tea

OH OH
OH OH 3C. N
" Ho " " ho o Ny /@\/j/ OH j\)t 7
OH o HO o7 07NN
H OH OH CH,
OH oH OH
Gallic Acid Gallocatechin Epigallocatechin Catechin Caffeine
(GA) (GC) (EGC) () (Caf )
m/z=169 m/z =305 m/z =305 m/z=289 m/z=195
OH
oH OH
OH
or oH OY@DH
OH & o © OH
g [ O
HO o & CH
O OH e ° HO 0 W©:OH
OH H OH
OH
Epicatechin Epigallocatechin Gallate Gallocatechin Gallate Epicatechin Gallate Catechin Gallate
(EC) (EGCG) (GCG) (ECG) (cG)
m/z =289 m/z =457 m/z =457 m/z =441 m/z =441
s S g8 8 58
| A A | |
<° kS
Figure 1. Compounds of interest, with elution order are shown on an Agilent ZORBAX SB-C18 with H;P0, mobile phase. (Note: Selectivity may
change slightly in subsequent chromatograms, but elution order remains constant.)
Six Agilent columns were used in this work: gallate were each prepared in CH;CN/H,0 (1:1) at 0.5 mg/mL.
- Agilent ZORBAX SB-C18, 4.6 x 150 mm, 5 ym A composite sample was prepared by mixing 1 part each of
/n 883975-902 the 1 mg/mL standards and 2 parts each of the 0.5 mg/mL
P standards, yielding 0.03 mg/mL of each analyte. Dilutions of
*  Agilent ZORBAX RRHT SB-C18, 4.6 x 50 mm, 1.8 pm this composite sample were prepared as necessary with H,0.
p/n 827975-902 Tea samples were purchased locally, with the exception of
- Agilent Poroshell 120 SB-C18, 4.6 x 50 mm, 2.7 um bottled sample A, which was 'shlpped from a colleague in
Japan. Tea samples for quantitation (both bottled and brewed)
p/n 689975-902 . . . L
were diluted 1:10 with H,0 prior to injection. The brewed
* Agilent ZORBAX RRHT SB-C18, 2.1 x 50 mm, 1.8 pm green tea sample used for the lifetime study was not diluted
p/n 827700-902 or filtered prior to injection. Additionally, acetonitrile, phos-
- Agilent Poroshell 120 SB-C18, 2.1 x 50 mm, 2.7 ym phoric a!md, formic acid, acetic aled, trifluoroacetic acid,
p/n 689775-902 ammonium acetate, and ammonium formate were also pur-
chased from Sigma Aldrich (Bellefont, PA). Water used was

+  Agilent Poroshell 120 SB-C18, 2.1 x 100 mm, 2.7 pm 18 M-Q Milli-Q water (Bedford, MA).
p/n 685775-902

The compounds of interest are shown in Figure 1, with a chro-
matogram illustrating elution order. All analytes were pur-
chased as dry powders from Sigma Aldrich (Bellefont, PA).
Individual standards of gallic acid, epigallocatechin, catechin,
caffeine, and epigallocatechin gallate were each prepared in
H,0 at 1 mg/mL. Individual standards of gallocatechin, epicat-
echin, gallocatechin gallate, epicatechin gallate, and catechin
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Results and Discussion

Previous work by T. Yoshida et al [5] shows a catechin analy-
sis on an Agilent ZORBAX SB-C18, 4.6 x 150-mm, 5-pym
column in 15 min scaled to an Agilent ZORBAX Rapid
Resolution High Throughput SB-C18, 4.6 x 50-mm, 1.8-ym
column in 5 min. Added to this work is an Agilent Poroshell
120 SB-C18 column for comparison. Figure 2 shows the time
saved using shorter HPLC columns with smaller particle sizes,
while maintaining resolution.

The method is scaled further to a 2.1 x 50 mm column in just
over 1 min. The smaller column id allows the same analysis to
run with lower flow rates, which are more suitable for MS

Agilent ZORBAX SB-C18, 4.6 x 150 mm, 5 pm (p/n 883975-902) 84 bar

L)

work. The selectivity between the ZORBAX SB-C18 and
Poroshell 120 SB-C18 is similar to allow for easy method
transfer, as shown in Figure 3. System back pressure is a
noticeable difference between the 1.8-um ZORBAX column
and the 2.7-um Poroshell column. The larger superficially
porous particles in the Poroshell column generate signifi-
cantly less pressure than the smaller totally porous particles
in the ZORBAX column. The Poroshell particles achieve simi-
lar performance due to a short mass transfer distance
through the porous shell and substantially narrower particle
size distribution as compared to the totally porous sub-2 pm
material. In this case, the difference in pressure is enough to
dictate whether a 400 or 600 bar instrument can be used.

A 0.1% H,PO, in H,0
B CH,CN

1 mL/min

40 °C

Sig = 210,4 nm, Ref = Off

2-pL, 3-mm micro flow cell

il

MAgent ZORBAX RRHT SB-C18, 4.6 x 50 mm, 1.8 um (p/n 827975-902) 169 bar

(p/n G1315-60024)

Sample: 0.03 mg/mL each of GA, GC, EGC,
C, Caf, EC, EGCG, GCG, ECG, CG in

H,0/CH,CN
4.6 x 150 mm
Time (min) 0.00 750 15.00
%B 10 15 27
15 pL injection

4.6 x 50 mm
Time (min) 0.00 250 5.0

Agilent Poroshell 120 SB-C18, 4.6 x 50 mm, 2.7 pm (p/n 689975-902) 117 bar
U %B 0 15 27
J— UU 5 pL injection

T T T T
2 4 6 8
Figure 2.

120 SB-C18, 2.7-um.

N

_J

Agilent Poroshell 120 SB-C18, 2.1 x 50 mm, 2.7 pm (p/n 689775-902) 380 bar

T T T
10 12 14 min

Original 150-mm, 5-um catechin method scaled to an Agilent ZORBAX SB-C18, 50-mm, 1.8-um and to a 50-mm, superficially porous Agilent Poroshell

Agilent ZORBAX RRHT SB-C18, 2.1 x 50 mm, 1.8 um (p/n 827700-902) 575 bar

A 0.1% H,P0, in H,0
B CH,CN

1 mL/min

Time (min) 0.00 0.50 1.00
%B 10 15 27
40°C

Sig = 210,4 nm, Ref = Off
2-pL, 3-mm micro flow cell (p/n G1315-60024)

Sample: 1 pL injection of 0.03 mg/mL
each of GA, GC, EGC, C, Caf, EC,
EGCG, GCG, ECG, CG in H,0/CH,CN

0.2 0.4 0.6 0.8
Figure 3.

12 min

Catechin analysis is transferred to 2.1-mm id columns for use with LC/MS, analysis time is further reduced by maintaining 1 mL/min flow rate from

original 4.6 x 150-mm method and scaling gradient times according to column volume.



The 2.1 mm id columns are suited for use with LC/MS due to
the lower flow rates used. The original phosphoric acid
mobile phase, however, is not compatible with the LC/MS
system. Figure 4 shows several MS-friendly mobile phases
that were screened for use with this catechin analysis. In
addition to the results shown in Figure 4, a selection of

10 mM ammonium formate buffers were also screened from
pH 3-4.5, the resulting chromatograms were nearly identical
to the ammonium acetate data. Overall, the selectivity
remained constant throughout this screening process.
Consequently, the optimal mobile phase was selected based
on signal strength of the analytes. All chromatograms in

Figure 4 are shown on the same scale. Significant ion sup-
pression is present with the buffers prepared from ammonium
salts, as well as with the trifluoroacetic acid mobile phase.
The two best contenders were formic acid and acetic acid,
with acetic acid producing a slightly more intense signal for
all compounds. It should be noted that the negative scans are
shown as representative chromatograms in Figure 4, as the
positive scans appeared to be less effected by ion suppres-
sion; however, the positive scans for caffeine still followed
the same pattern.

0,
100 - 0.2% HCOOH S/N=111 100, 2% CH,COOH S/N=155
"] M
50 | 0
1007 10 mM CH,COONH,, pH 3.6 (with 10 mM CH.COOH)  S/N=33
ULMM M >
00— 0 A A AN
100 - _ ,
0.2% CH,COOH S/N=155 1003 10 mM CH,COONH,, pH 4.2 (with 10 mM CH,COOH)
50 |
I
50 | 0
1003 10 mM CH,COONH,, pH 4.8 (with 10 mM CH,COOH)
50
0 ,J 0 AN A A
100 0.02%CFCOOH  S/N=68 1003 40 mM GH,COONH,, pH 5.2 (with 10 mM CH,COOH)
50
0 I .
50 |
1009 10 mM CH,COONH,, pH 5.6 (with 10 mM CH,COOH)
50
0] J M o)
Figure 4. Various MS-friendly mobile phases are screened in order to find a replacement for the H,P0, used in the original LC/UV method (Note: Positive SIM

chromatograms of caffeine are not shown, because it is significantly less affected by ion suppression as compared to the catechins.)

91



EIC overlays in Figure 5 show that because of the lower back
pressure generated by the Agilent Poroshell column, more
rapid analyses are possible in under 600 bar. A 15 minute
method that started out on a 150-mm column, can be reduced
to less than 1 minute analysis time on a 50-mm Poroshell 120
column, while preserving the selectivity of the original
method. Comparing Figures 3 and 5 shows that the same
method (1 mL/min) run on the same column

(Agilent Poroshell 120 SB-C18, 2.1 x 50-mm, 2.7-pym)
generated notably different back pressures. The difference in
back pressure is primarily due to a long piece of small, 0.12
mm, id transfer tubing used to connect the HPLC to the MS.
Larger id transfer tubing was not considered for this applica-
tion as band broadening is likely to occur and would reduce
the resolution of this finely tuned, rapid analysis.

Calibration curves for each of the 10 compounds of interest
were constructed with a minimum of six points (maximum of
10), while each standard was run in triplicate. Linear regres-
sion and correlation coefficient data are shown in Table 2 for
all 10 analytes. All curves exhibit a high degree of linearity up
to a maximum analyzed amount of 10 ng on column

1.00 mL/min
425 bar

(Poroshell 120 SB-C18, 2.1 x 50 mm). All tea samples were
diluted 1:10 with water prior to injection in attempt to not
exceed the highest concentration calibration standard. Only
one compound, EGCG, in the brewed green tea sample
exceeded the maximum concentration after the 1:10 dilution;
the concentration of EGCG was extrapolated from the linear
regression equation found in Table 2.

Table 2. Calibration data for Catechins and Caffeine; Minimum Six Point
Calibration Curve with all Standards Run in Triplicate
Linear regression Correlation
line coefficient, R2
Gallic acid y =0.466 x 0.995
Gallocatechin y =0.407 x 0.996
Epigallocatechin y = 0.355 x 0.996
Catechin y =0.601 x 0.996
Caffeine y = 3.439 x 0.995
Epicatechin y =0.638 x 0.995
Epigallocatechin gallate y =0.153 x 0.998
Gallocatechin gallate y=10.183 x 0.996
Epicatechin gallate y =0.396 x 0.998
Catechin gallate y=0.371 x 0.996
A 0.2% CH,COO0H in H,0
B CH,CN
40°C
Column Agilent Poroshell 120 SB-C18,

2.1 x50 mm, 2.7 ym
350 °C, 10 L/min, 50 psi,

‘ ‘ Source
- -

s

—_— A e . ; : -/+3500 V
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 11 1.2 13 14
. Acquisition SIM- (169, 305, 289, 457, 441),
1.25 mL/min a S,M+((195, )
505 bar Sample 1.5 pL injection of 0.003 mg/mL
each of GA, GC, EGC, C, Caf, EC,
EGCG, GCG, ECG, CG in H,0/CH,CN
1.00 mL/min
A u Time (min) ~ 0.00 050  1.00
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 11 %8 0 15 27
1.50 mL/min 1.25 mL/min
585 bar Time (min) 000 042 083
%B 0 15 27
1.50 mL/min
l . .' Time (min) 0.00 036 071
oA %B 0 15 27

0.4

0.1 02 03
Figure 5.

05 06 07 08 09

Catechin analysis is further sped up by increasing flow rate and scaling the gradient according to column volume.



A selection of bottled teas was analyzed, ingredient lists and Table 3. Ingredient Lists and Country of Origin for Bottled Tea Samples
country of origin for each tea sample are shown in Table 3,

and quantitative results are shown in Figure 6. Tea sample A Bottled tea  Country of

X sample origin Ingredients
is a Japanese tea that has been stored unopened at room
temperature for approximately 3 years. Only gallic acid and A Japan {unknown)

p_ pp . ¥ Y. e V9 o B Japan purified water, green tea, ascorbic acid
caffeine were found in sample A; it is likely that additional C Taiwan mineral water, green tea, vitamin C, natural
catechins were present in this tea originally, but have flavor
degraded over time. Bottled tea samples B and D are different D Japan water, green tea, ascorbic acid
brands of Japanese green teas. Both report the same ingredi- E Japan pearl barley, brown rice, sprouted rice, green
ents on their respective labels, and contain approximately the tea, barley, houttuynia cordata, chickory, quinoa,

angelica keiskei, vitamin C
F Japan oolong tea, puaru tea, green tea, brown tea,
chickory, soybean, sesame, vitamin C

same level of all catechins analyzed in this method. Tea
sample C is also a green tea, with the same ingredients
reported as B and D, however it is a Taiwanese tea. Compared
to the two Japanese green teas, sample C shows a higher
concentration of epicatechin gallate and catechin gallate, but
a lower concentration of the other eight analytes. Bottled tea
samples E and F are Japanese tea blends, both of which con-
tain some amount of green tea according to their labels. Tea E
lists barley as its main ingredient, consequently the caffeine
and catechin concentrations are all substantially less than the
other tea samples. Tea F is an oolong tea blend, which shows
a slightly different composition than the green teas.
Compared to the two pure Japanese green tea samples B and
D, the oolong blend contains more gallic acid and caffeine,
similar amounts of epicatechin gallate and catechin gallate,
but lower concentrations of the remaining catechin
compounds.

0.09 -
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

Bottled teas

Concentration, mg/mL

Galic acid Gallocatechin  Epigallocatechin Catechin Caffeine Epicatechin  Epigallocatechin  Gallocatechin Epicatechin Catechin
gallate gallate gallate gallate

Figure 6.  Six bottled tea samples analyzed; 3 green teas (2 Japanese [B,D], 1 Taiwanese [C]), 1 barley tea blend (E), 1 oolong tea blend (F), and
1 unknown (A).
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For comparison to the bottled tea samples shown in Figure 6,
Figures 7 and 8 show freshly brewed green and black tea
samples respectively. Both brewed tea samples show peak
concentrations of most compounds when the tea bag is
allowed to steep for six to 10 minutes. After this optimal
steep time, compounds begin to degrade in both cases. Most
notably is epigallocatehin gallate, which degrades by more
than 50% of the maximum concentration in 60 minutes. Also
interesting regarding epigallocatechin gallate is how much
more concentrated it is with the brewed green tea sample
than with the bottled green tea samples.

025
E: B . Brewed green tea

-
E F ¥
S 015 *
£ *
g 1
(&)

005 | % f £ = X X ¥ * X * *

= - - - - - x 3 = =
0 10 20 30 40 50 60 70

Steep time, m

Figure 7. Freshly brewed green tea sample; 1 commercial tea bag steeped in 6 oz initially boiling water, with samples taken over time.

in

0.1 -
| Brewed black tea
= 0.08 -
£ ¥
(=] | } ¥
E. X x * X b ¢
S 0.06 ® X
£ *3 0z 2 3 * X *
5 | % E: * :: -
2 0.04 =
s o & & o o é F3 .
002 | ®
| A A - - - - - .
0 LSy &2 & ® ¥ &2 2 2 2
0 10 20 30 40 50 60 70

Steep time, min

Figure 8. Freshly brewed black tea sample,; 1 commercial tea bag steeped in 6 oz initially boiling water, with samples taken over time.
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Figure 9 shows a lifetime study of more than 1500 injections
of a dirty sample at high pressure (550 bar) without gaining
pressure or increasing peak width. The green tea sample was
brewed from a commercial tea bag in 6 oz of initially boiling
water for six minutes, and then injected directly into the HPLC
without any filtration or dilution. The sample was replaced
twice daily, as compound degradation was prevalent for the
catechins (caffeine was relatively stable). The 2-pm frit found
in the Agilent Poroshell 120 SB-C18 (2.1 x 100 mm, 2.7 um)
column is ideal for dirty samples, as it resists plugging more
than the 0.5-pm frit found in sub-2 pm columns.

Life time test

Conclusion

An existing HPLC method for the analysis of catechins in
green tea was successfully transferred from totally porous
Agilent ZORBAX SB-C18, 1.8-um to superficially porous
Agilent Poroshell 120 SB-C18, 2.7-um. The selectivity of the
two columns is similar enough that no method adjustments
were necessary to maintain the 10 compound separation.
Highly linear calibration curves were constructed for all com-
pounds, and various bottled and freshly brewed teas were
quantified and compared for catechin content. The larger
2-pm frit in the Poroshell 120 column was also exploited in a
lifetime test, showing more than 1500 injections of a dirty
sample at high pressure without negative effects on
chromatography.

g 0074 with unfiltered, undiluted freshly brewed green tea sample )

= 0.06 == (Caffeine

E 0.05 P max = 550bar @ Epicatechin

~ Epicatechin gallate

> 0.04 1

£ 0031

=

B R ]

B4

S 0014

0
0 200 400 600 800 1000 1200 1400
Number of injections
A 0.2% HCOOH in H,0
@ B 0.2% HCOOH in CH,CN
mAU Q i 0.833 mL/min
8007 w L
Injection number 1500 Tie 0.00 1.25 2,50
6007 %B 10 15 27
4007 =t 40°C
w
2001 Column Agilent Poroshell 120 SB-C18, 2.1x 100 mm, 2.7 pm
Sig = 210,4nm, Ref=0ff
0 2-pL, 3-mm micro flow cell (p/n G1315-60024)

25 3

0.5 1

Figure 9.  Lifetime study of 1500 injections of an unfiltered, undiluted,

35

2 pL of freshly brewed green tea (brewed from a
commercial tea bag in 6 oz of initially boiling water
for six minutes)

min Sample

freshly brewed green tea sample showing no peak broadening or increase in pressure.
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Introduction

Conventional 400-bar HPLC systems are found in many labo-
ratories. With the introduction of UHPLC, there is a desire to
move towards sub-2-pm particles. HPLC columns packed with
sub-2-pum particles provide superior resolution and decreased
analysis time over traditional 5-pym particles. However this
also increases system back pressure. For analysts that wish
to translate their current methods to a sub-2-pm method but
cannot afford a high pressure LC, columns packed with super-
ficially porous particles may be the answer. Columns like the
Agilent Poroshell 120 column offer resolution and speed simi-
lar to columns packed with 1.8-um particles, without generat-
ing high back pressure.

The high efficiency of Agilent Poroshell 120 particles is simi-
lar to sub-2-pm totally porous particles. This is due to short
mass transfer distance and substantially narrower particle
size distribution. The larger 2.7-um Agilent Poroshell 120 par-
ticles generate very low back pressure, about 40% to 60% of
the back pressure generated by sub-2 pm totally porous parti-
cles. This allows the columns to run faster flow rates without
exceeding HPLC pressures. Agilent Poroshell 120 columns
with 2-pum frits are more forgiving with dirty samples than
1.8-um columns, providing a more seamless method transfer
from traditional 5-pm columns [1-3].

This application note demonstrates the transfer of estab-
lished methods using longer columns packed with 5-pm parti-
cles to a UHPLC-like method using superficially porous parti-
cles packed in shorter columns, while keeping the system
back pressure below 400 bar. The benefits are a decrease in
sample and mobile phase consumption, significant time sav-
ings, and the selectivity and efficiency of a sub-2-pm analysis
on virtually any HPLC system.

A group of 11 non-nutritive food and beverage additives is
used to demonstrate this method translation. These com-
pounds include preservatives, artificial sweeteners, an energy
supplement and a flavoring agent. While these compounds
are not harmful in appropriate amounts, they can cause sensi-
tization and allergic reactions after excessive exposure [4].
Therefore, detection and quantification of these additive com-
pounds are important.

Experimental

An Agilent 1200 Rapid Resolution LC (RRLC) system was used
for this work:

+ G1312B Binary Pump SL with mobile phase A: 20 mM
ammonium acetate (pH 4.80) and B: acetonitrile. Gradient
was 14% B at t , ramp to 52% B. Gradient times vary
depending on column dimensions and flow rate, see
Table 1.

+ (G1367C Automatic Liquid Sampler (ALS) SL. Injection
volume was 11.8 and 2.0 pL for the 4.6 mm x 250 mm and
3.0 mm x 100 mm columns respectively.

* G1316B Thermostatted Column Compartment (TCC) SL
with temperature set to 30 °C.

+ (G1315C Diode Array Detector (DAD) SL with the signal set
to 230, 4 nm and reference set to 360, 100 nm, using a
G1315-60024 micro flow cell (3-mm path, 2-pL volume).

» ChemStation version B.04.01 (491) was used to control the
HPLC and process the data.

Table 1. HPLC Method Parameters for Various Columns

Column Flow rate Gradient time  Stop time Post run time
(mL/min) (min) (min) (min)

Agilent ZORBAX Eclipse Plus C18 1.000 12.00 13.10 7.00

4.6 mm x 250 mm, 5.0 pm

Agilent ZORBAX Eclipse Plus C18 0.638 3.00 3.50 2.00

3.0 mm x 100 mm, 3.5 pm

Agilent ZORBAX Eclipse Plus C18 0.851 2.10 2.60 1.80

3.0mm x 100 mm, 1.8 pm

Agilent Poroshell 120 EC-C18 0.851 2.10 2.60 1.80

3.0mm x 100 mm, 2.7 pm
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Four Agilent columns were used in this work:

+ Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 ym
(p/n 695975-302)

+ Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm,
1.8 ym

(p/n 959964-302)

* Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm,
3.5 um

(p/n 959961-302)

+ Agilent ZORBAX Eclipse Plus C18, 4.6 mm x 250 mm,
5pum

(p/n 959990-902)

The compounds of interest are shown in Figure 1, with their
respective structure, pKa value and additive function.
Compounds were dissolved in water at 1 mg/mL. Equal
aliquots were combined to produce a mixed sample.
Compounds were purchased from Sigma Aldrich (Bellefonte,
PA). Additionally, acetonitrile and ammonium acetate were
purchased from Sigma Aldrich. Water used was 18 M-Q
Milli-Q water (Bedford, MA).

Results and Discussion

Figure 2 shows the separation of 11 food and beverage addi-
tives on a traditional Agilent ZORBAX Eclipse Plus C18,

4.6 mm x 250 mm, 5 pm column in just over 13 minutes.
Figure 3 shows the same separation scaled to an Agilent
Z0ORBAX Eclipse Plus C18, 3.0 mm x 100 mm, 3.5 pm with a

Food and Beverage Additives
0 OH
HO 0
HO )
. 0 N K /NH
MO //S§
HO  OH 0 0 OH
Ascorbic Acid Acesulfame K Saccharin p-Hydroxybenzoic Acid
pka =4.2 pka=2.0 pka=2.0 pka =4.6
Preservative Sweetener Sweetener Preservative
(|3H3 0 OH
N N\]/U 0
</ | N OWK CH3
N
/N CH, H
HaC 0 OH  NH, 0
Caffeine Benzoic Acid Aspartame
pka =0.6 pka=4.2 pka=7.7
Stimulant Preservative Sweetener
—
0 0
CH,
HO.
N 0 0
0 /0
X
w
OH _
N 0 OH OH
Sorbic Acid Quinine Dehydroacetic Acid Methylparaben
pka=4.8 pka=8.5 pka=5.3 pka=85
Preservative Bittering Agent Sweetener Preservative

Figure 1. Compounds of interest.
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significantly shorter analysis time of 3.5 minutes. The flow
rate for this analysis was adjusted to compensate for the
smaller internal diameter and for the smaller particle size. In
this case, the 3.5-uym column does not resolve two peak pairs:
benzoic acid/aspartame and dehydroacetic acid/methyl-
paraben. Figure 4 shows the same separation, scaled to an
Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm, 1.8 ym
column. Flow rate for the 1.8 pm column was adjusted to opti-
mize the smaller sub-2-um particles. All compounds were well
resolved in just over 2.5 minutes. This faster analysis can
enhance laboratory productivity, and lower the mobile phase
and solvent consumption. A smaller sample volume is

required for the smaller 3.0 mm x 100 mm column, thus yield-
ing sample preservation. The benefits of this sub-2-um sepa-
ration, however are at the cost of higher back pressure (483
bar), resulting in the need for a high pressure LC system.
Figure 5 shows the same separation on a superficially porous
Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7-um with
the same shortened analysis time as the 1.8-ym column. This
separation has the added benefit of lower back pressure (356
bar). The more than 100-bar difference in pressure is very sig-
nificant, because it determines if a high pressure HPLC sys-
tem is needed or if a traditional system (400 bar maximum) is
sufficient for this analysis.

p =120 bar Original 13.1 Minute Separation of 11 Food and Beverage
max Additive Compounds on a 250 mm, 5-um Column
mAU7 1 Mobile phase:  A:20 mM ammonium acetate, pH 4.80
250 B: acetonitrile
1 Gradient: 14% B at t,, ramp to 52% B in 12.0 min
7 Flow rate: 1.000 mL/min
200+ 6 Temperature: 30 °C
] 2 8
- 1. Ascorbic Acid 7. Aspartame
150 9 2. AcesulfameK 8. Sorbic Acid
i 3. Saccharin 9. Quinine
] 3 10 4. p-Hydroxybenzoic Acid  10. Dehydroacetic Acid
100 5. Caffeine 11. Methylparaben
] 5 6. Benzoic Acid * Quinine Impurity
] 1
50
’ W
| *
0 L_\]L L]
T T T T T T
2 4 6 8 10 12 min
Figure 2. Separation of 11 food and beverage additives on a Agilent ZORBAX Eclipse Plus C18, 4.6 mm x 250 mm, 5-um column using an ammonium
acetate/acetonitrile gradient.
Pmax = 123 bar Shorter 3.5-um Column Does Not Resolve Benzoic Acid/Aspartame and Dehydroacetic
Acid/Methylparaben Peaks
mAU 1 9 6
1201 8 9 Mobile phase:  A:20 mM Ammonium acetate, pH 4.80
— B: Acetonitrile
E Gradient: 14% B at t,, ramp to 52% B in 3.0 min
1004 Flow rate: 0.638 mL/min
] 3 Temperature:  30°C
804 10
7 4 1. Ascorbic Acid 1. Aspartame
604 5 11 2. AcesulfameK 8. Sorbic Acid
] 3. Saccharin 9. Quinine
40 4. p-Hydroxybenzoic Acid 10. Dehydroacetic Acid
7 5. Caffeine 11. Methylparaben
207 6. BenzoicAcid * Quinine Impurity
| /UG
0 :_____J [
T — T — T T —
0.5 1 1.5 2 25 3 min
Figure 3. Separation of 11 food and beverage additives on a Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm, 3.5-um column using an ammonium

acetate/acetonitrile gradient.
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p 183 b 1.8-uym Column Resolves 11 Food and Beverage Additive Compounds in 2.6 Minutes, but
max — ar at the Cost of High Pressure
mAU] 1 6 8
b 9 Mobile phase: ~ A:20 mM ammonium acetate, pH 4.80
140 2 8. a0
] :acetonitrile
3] Gradient: 14% B at t,, ramp to 52% B in 2.1 min
120; 10 Flow rate: 0.851 mL/min
100] 3 Temperature: 30 °C
8[]: 4 1. AscorbicAcid 7. Aspartame
B 5 2. AcesulfameK 8. SorbicAcid
60 1 3. Saccharin 9. Quinine
l 4. p-Hydroxybenzoic Acid 10. Dehydroacetic Acid
404 5. Caffeine 11. Methylparaben
E 6. Benzoic Acid * Quinine Impurity
20 7 i
S U
-20- T I LI T T
0.5 1 1.5 2 2.5 min

Figure 4. Separation of 11 food and beverage additives on a Agilent ZORBAX Eclipse Plus C18, 3.0 mm x 100 mm, 1.8 um column using an ammonium
acetate/acetonitrile gradient.

_ Superficially Porous Agilent Poroshell 120 Column Resolves 11 Food and Beverage
Pmax = 356 bar D )
Additives in 2.6 Minutes and Under 400 bar
mAU - 9
] 6 8
160 1 2
140: Mobile phase:  A:20 mM ammonium acetate, pH 4.80
] 10 B: acetonitrile
120+ Gradient: 14% B att,, ramp to 52% B in 2.1 min
] 34 Flow rate: 0.851 mL/min
100; Temperature:  30°C
80 5 1. Ascorbic Acid 7. Aspartame
BUE 1 2. AcesulfameK 8. Sorbic Acid
B 3. Saccharin 9. Quinine
407 4. p-Hydroxybenzoic Acid 10. Dehydroacetic Acid
B 7 5. Caffeine 11. Methylparaben
204 . 6. BenzoicAcid * Quinine Impurity
0
201 [ — T [ — T I
0.5 1 1.5 2 2.5 min

Figure 5. Separation of 11 food and beverage additives on a Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 um superficially porous column using an
ammonium acetate/acetonitrile gradient.
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Figure 6 shows an overlay of the original 5-pm method com-
pared to the new Agilent Poroshell 120 method. Analysis time
is reduced from 13.1 to 2.6 min, with the post run time
reduced from 7 to 1.8 min. Solvent and mobile phase con-
sumption are reduced by more than 80%. Resolution of the
critical pair (dehydroacetic acid and methylparaben) improved
from 1.79 to 3.01 on the Agilent Poroshell 120 method, com-
pared to the longer 5-pm Agilent ZORBAX Eclipse Plus
method. Note in Figure 6, that the last peak on Agilent
Poroshell 120 elutes at approximately the same time as the
first peak on the 5-pm Agilent ZORBAX Eclipse Plus.

Four consumer product samples are successfully analyzed in
less than 2.6 minutes and under 400 bar (Figure 7). The ener-
gy drink contains caffeine, benzoic acid and sorbic acid. The

diet soda has saccharin, caffeine, benzoic acid and aspar-
tame. Mouthwash includes saccharin and benzoic acid. The
sugar-free chewing gum contains acesulfame k and aspar-
tame.

When high throughput is important and HPLC system limits
allow, the flow rate can be increased with little loss in chro-
matographic quality, as shown in Figure 8. The flow rate on
the Agilent Poroshell 120, 3.0 mm x 100 mm column can be
increased from 0.851 to 1.489 mL/min to further reduce run
time by 40% in under 600 bar. This achieves little loss in reso-
lution of the critical pair and has minimal effects on condi-
tional peak capacity (n ) [5]. The result is a baseline separa-
tion of 11 compounds in under 600 bar back pressure with an
analysis time of 1.5 minutes.

Fast, Low Pressure Analysis; All 11 Peaks on Agilent Poroshell 120 are Resolved by the Time the First Peak Elutes on the
Original 5-um Agilent ZORBAX Eclipse Plus Method

5-pm Agilent ZORBAX Eclipse Plus, P, = 120 bar

E Mobile phase:  A:20 mM ammonium acetate, pH 4.80
150 B: acetonitrile
1 Gradient: 14% B atty, ramp to 52% B in 12.0 min
1005 Flow rate: 1.000 mL/min
1 Temperature:  30°C
50
0 L—\’U /
T T T T T T T L I
2 4 6 8 10 12 min
mAU; .
] Agilent Poroshell 120, P, = 356 bar
1407 max
120 E Mobile phase:  A:20 mM ammonium acetate, pH 4.80
1004 B: acetonitrile
8[]5 Gradient: 14% B att,, ramp to 52% B in 2.1 min
] Flow rate: 0.851 mL/min
60 Temperature: 30 °C
40
20 ML
04—
h \ \ \ \ T L
2 4 6 8 10 12 min
Figure 6. An overlay of the original Agilent Eclipse Plus 5-pm method and new Agilent Poroshell 120 method.
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Four Consumer Product Samples Successfully Analyzed in 2.6 Minutes each in under 400 bar
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Figure 7. Four consumer product samples analyzed on a Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 um superficially porous column.

Flow Rate on Agilent Poroshell 120 Can Be Increased to Further Enhance Productivity with Minimal Impact on
Resolution and Conditional Peak Capacity (n)

|
0.851 mL/min 356 bar
tg:2.1 min n, =74
0.957 mL/min 396 bar
tg=1.9min ne=73
0.063 mL/min 435 bar
ty="1.6 min n.=72

1.276 mL/min 513 bar
tg=1.3min ne=170

A where tg , and tg 1 are the retention
1.489 mL/min 587 bar times of the last and the first eluting
t.=1.1min =68 peaks and W is the average 4G
9 Ne= peak width

T T T T T
0.5 1 15 2 2.5 min

Figure 8. Overlay showing effects on chromatographic quality with increased flow rate on Agilent Poroshell 120.
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Conclusion

HPLC columns packed with superficially porous particles offer
many advantages over columns packed with conventional,
fully porous particles. The superficially porous 2.7-um Agilent
Poroshell 120 EC-C18 column offers similar efficiency and
selectivity to the 1.8-um Agilent ZORBAX Eclipse Plus C18
column, without the high back pressure. While larger 5-pm
particles packed in longer columns can yield similar efficiency
without high back pressure, they result in a significantly
longer analysis time. Due to the similar selectivity between
Poroshell 120 EC-C18 and Eclipse Plus C18, methods can eas-
ily be transferred from older Eclipse Plus C18 columns to new
Poroshell 120 EC-C18 columns. This achieves lower back
pressure for older 400 bar HPLC systems, shorter run times,
and solvent savings.
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Introduction

There are currently several hormones and hormone-like
agents with marked ability to improve the rate of growth and
efficiency of feed intake for animals. In some countries hor-
mones are a common food additive and controlled use of cer-
tain compounds is even considered safe. However, longterm
consumption of glucocorticoids can lead to hyperglycemia,
osteoporosis, birth defects, and immune function decline.
Other hormones such as estrogen, androgen, and proges-
terone are carcinogenic and can lead to breast cancer, ovar-
ian cancer and cell carcinoma. Some other countries there-
fore strictly prohibit their application, especially the use of
estrogens. A previous application note showed a new method
for detecting hormones in crucian carp fish meat using an
Agilent SampliQ OPT SPE cartridge for sample preparation
and an Agilent ZORBAX Eclipse Plus C18 column (4.6 mm x
250 mm, 5 pm) for HPLC analysis [1].

Although the current QUEChERS methodology has been
designed for removing matrix interferences in food products
of plant origin, such as polar organic acids, sugars, and lipids,
it also has potential for other food matrices such as meat or
seafood. Based upon the chemical properties of the com-
pounds of interest and food matrices, some modifications of
the original method might be necessary to obtain accurate
and precise results. The purpose of this work is to extend the
QuEChERS methodology to veterinary drug residues in
seafood. Agilent QUEChERS EN buffered extraction kits

(p/n 5982-5650) and dispersive-SPE 15 mL kits for drug
residues in meat (p/n 5982-4956) were used for the analysis
of 13 hormones (Table 1) in shrimp. The method was validated
in terms of recovery and reproducibility.

A newly developed column, the Agilent Poroshell 120 EC-
C18 that is packed with 2.7 pm superficially porous materi-
als was used to separate these 13 common hormones. The
new column has almost the same efficiency as sub-2-pym
totally porous materials and can be used to provide a fast
and high resolution analysis.

Table 1. Hormones Used in this Study

No. Compound CAS No. Structure
1 Estriol 50-27-1

2 Prednisone 53-03-2

3 Dexamethasone 50-02-2

4 Boldenone 846-48-0

5 Hydrocortisone 50-23-7
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Table 1. Hormones Used in this Study (continued)

6 Fludrocortisone acetate 514-36-3
7 Metandienone 72-63-9 oH
8 Estradiol 50-28-2 OH
9 Testosterone 58-22-0 OH
4 ]
10 Methyltestosterone 58-18-4 OH
0
" Estrone 53-16-7 0
12 Diethylstilbestrol 56-53-1
HO O p O on
13 Hexestrol 84-16-2 OH
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Experimental

Reagents and Chemicals

All reagents and solvents were HPLC or analytical grade.
Hormone standards were purchased from NICPBP (National
Institute for the Control of Pharmaceutical and Biological
Products). Shrimp was purchased from a local market.

Stock solutions (1 mg/mL) were prepared in methanol and kept
in the freezer (—20 °C). Working solutions were prepared using
the stock solution diluted with methanol. The working solu-
tions should be prepared every week and stored below 4 °C.

Equipment and Materials

Agilent QUEChERS EN Extraction kits, p/n 5982-5650, and
Agilent QUEChERS dispersive-SPE kits for Drug Residues in
Meat, 15 mL, p/n 5982-4956 (Agilent Technologies Inc., DE,
USA). Flying Pigeon Centrifuge (Anting Science Instrument,
Shanghai, P.R.China).

HPLC Method
Instrument Agilent 1290 Infinity LC with DAD detector
Column Agilent Poroshell 120 EC-C18 3.0 x 100 mm
2.7 ym (p/n 695975-302)
Flow rate 0.8 mL/min
Injection volume 10 pL
Column temperature 30°C
Detection wavelength 230 nm
Mobile phase Water-acetonitrile gradient
Time (minutes) % Water % Acetonitrile
0 80 20
6 50 50
8 10 90
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Sample Preparation

The sample preparation procedure includes sample
homogenization, extraction/partitioning, and dispersive-SPE
cleanup.

The shrimp purchased from a local grocery store, was washed
and chopped into small pieces. The chopped shrimp was
homogenized thoroughly with a food grinder and stored at

20 °C. A 5-g (0.05 g) sample of homogenized shrimp was
weighed in a 50 mL centrifuge tube. The tubes were cen-
trifuged for 30 s to move the sample from the inside tube wall
to the bottom of the tube. Samples were then fortified with
appropriate QC spiking solutions when necessary. After vor-
texing the sample for 30 s, 5 mL of water were added. Tubes
were then vortexed for 10 s to mix. A 10 mL volume of ACN
was added to each tube. Tubes were capped and shaken by
hand for 30 s. An Agilent QUEChERS EN extraction salt packet
(p/n 5982-5650) was added to each tube. Sample tubes were
capped tightly and shaken vigorously for 1 min. Tubes were
centrifuged at 4,000 rpm for 5 min at 4 °C.

A 6 mL aliquot of the upper ACN layer was transferred into an
Agilent QUEChERS dispersive-SPE 15 mL tube for drug
residues in meat (p/n 5982-4956). This 15 mL dispersive-SPE
tube contained 150 mg of C18 and 900 mg of anhydrous
MgS04. The tubes were tightly capped and vortexed for

1 min. The 15 mL tubes were centrifuged at 13,000 rpm for

3 min at 4 °C. A 4-mL volume of extract was transferred into
another tube and dried by N, flow at 35 °C. Samples were
reconstituted into 2 mL of 1:4 ACN/H,0. After vortexing and
sonicating for 10 min, the sample was filtered through a

0.22 um Cellulose Acetate Spin Filter (p/n 5185-5990). The
clear, filtered sample was transferred into an autosampler
vial. The samples were capped and vortexed thoroughly in
preparation for HPLC analysis.



Results and Discussion

Separation

Figure 1 shows the standard hormone mixture separated on a
Poroshell 120 EC-C18 column. All 13 compounds were well sep-
arated in 8 minutes in a 20% acetonitrile solution. Each com-
pound was present at a 1 ppm level and excellent sensitivity
was achieved at this level. To study the system suitability for
the shrimp sample, the hormone mixture was spiked into the

mAU 1
25 7

20

blank sample after the QUEChERS extraction method. The gra-
dient method was adjusted so that the target compounds were
separated from the matrix. Figure 2 shows the chromatograms
of blank sample and 0.5 ppm spiked into the blank sample. The
analysis time was extended to 10 minutes to allow matrix and
nonrelevant sample components to be eluted. This is an excel-
lent overall analysis time for this sample matrix and is a result
of achieving high resolution quickly on the Poroshell 120 EC-
C18 column.

I I
0 2 4

I I
6 8 min

Figure 1. Chromatogram of 1 ppm standard compounds in 20% acetonitrile solution on the Agilent Poroshell 120 EC-C18, 3.0 x 100 mm, 2.7 ym column.
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Figure 2. Chromatograms of blank sample and 0.5 ppm spiked in blank sample.

Linearity, Limits of Detection

The stock solution was diluted into 0.5 ppm, 1 ppm, 2 ppm,

5 ppm and 10 ppm standard solutions with blank solution as
the calibration standard and they were analyzed by HPLC to
make a calibration curve. Linear regressions were calculated

Table 2. Linearity and LOD of Hormones by HPLC

Correlation LoD
No. Compound Regression equation coefficient (mg/kg)
1 Estriol Y = 3.331x+0.306 0.9997 0.22
2 Prednisone Y =22.182x+0.0212 0.9999 0.023
3 Dexamethasone Y = 22.622x+0.0523 0.9999 0.0086
4 Boldenone Y = 18.829x+1.955 0.9998 0.031
5 Hydrocortisone Y = 14.085x+0.0388 0.9999 0.044
6 Fludrocortisone acetate Y = 21.152x+0.0591 0.9999 0.029
7 Metandienone Y = 22.052x+0.0325 0.9999 0.022
8 Estradiol Y =12.377x+0.0108 0.9999 0.039
9 Testosterone Y = 25.370x+0.0748 0.9999 0.019
10 Methyltestosterone Y = 23.149x+0.651 0.9999 0.033
1" Estrone Y =13.641x+0.690 0.9999 0.057
12 Diethylstilbestrol Y = 31.526x+0.347 0.9999 0.023
13 Hexestrol Y =51.174x+0.224 0.9999 0.012

Note: x- Concentration (ng/ul); y- Area
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min

for the hormones based on the peak areas and the solution
concentrations. Limits of detection (LOD) were calculated
with a signal-to-noise ratio of 3 based on the data at 0.5 ppm
concentration. The linearity and LOD are shown in Table 2.
The data showed good linearity in the range of 0.5—-10 mg/kg.



Recovery and Repeatability

The precision of the method was determined in terms of the
recovery of spiked hormone standards in homogenized shrimp
at 0.5, and 10 mg/kg. The analysis was repeated six times for
each level. The chromatograms of the blank and the spiked
standard (0.5 mg/kg and 10 mg/kg) samples are shown in
Figure 3. The data in Table 3 demonstrate excellent recovery
and reproducibility for the QUEChERS method developed for
hormone determination in shrimp.

Table 3. Recoveries and RSDs of Hormones in Shrimp

Spiked level
Compound (mg/kg) Recovery (%) RSD (n =6, %)
Estriol 05 107.2 35
10 98.2 0.98
Prednisone 05 97.6 2.3
10 101.7 0.58
Dexamethasone 05 101.8 0.96
10 96.1 12
Boldenone 05 98.9 15
10 96.2 1.8
Hydrocortisone 0.5 103.5 15
10 92.3 0.23
Fludrocortisone acetate 05 104.3 1.9
10 91.8 0.17
Metandienone 0.5 100.0 14
10 95.6 0.25
Estradiol 0.5 99.4 1.3
10 97.8 0.54
Testosterone 0.5 98.0 0.85
10 98.2 0.15
Methyltestosterone 05 97.1 0.99
10 92.1 0.63
Estrone 0.5 103.4 12
10 925 0.68
Diethylstilbestrol 0.5 100.9 1.9
10 97.3 0.79
Hexestrol 0.5 98.5 1.6
10 91.6 0.81
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Figure 3.
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Chromatograms of shrimp sample blank and shrimp sample spiked with 0.5 ppm and 10 ppm standard mixture.
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Conclusions

The Agilent QUEChERS Buffered Extraction EN kit and the
Agilent dispersive-SPE kit for drug residues in meat provide a
simple, fast and effective method for the purification of hor-
mones in shrimp. Compared to the other sample pretreatment
methods, such as LLE and SPE, the QUEChERS method is
easier to handle, faster, labor-saving, and cheaper. The recovery
and reproducibility, based on matrix spiked standards, were
acceptable for multiresidue hormone determination in shrimp.
The Agilent 1290 Infinity LC with the Agilent Poroshell 120
column resolved the 13 compounds in 10 min and all the com-
pounds were well separated from the matrix. The method
developed is suitable for the determination of hormones in
shrimp at low mg/kg levels.

Reference

1. Chen-Hao Zhai and Yun Zou, “Determination of
Hormones in Fish (Carassius Carassius) by SampliQ OPT
Solid Phase Extraction with High Performance Liquid
Chromatography” Agilent Technologies publication, 5990-
3845EN (2009).

For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem
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Table 1. Method Parameters for Various Column Dimensions

4.6 x 50 mm Poroshell 120 EC-C18

3.0 x 50 mM Poroshell 120 EC-C18

2.1 x 100 mM Poroshell 120 EC-C18

Mobile Phase A: Buffer, varies A: 10 mm ammonium formate pH 3.8 A: 10 mm ammonium formate pH 3.8
B: Organic, varies B: Acetonitrile B: Acetonitrile
Gradient 10-40% B 10-40% B 10-40% B
Gradient Time 12 min 12 min 12 min
Flow Rate 2 mL/min 0.85 mL/min 0.42 mL/min
Injection Volume 0.5 pL 5L 25pLor10 pL
Sample 0.1 mg/mL antibiotics 1 pg/mL antibiotics 1 pg/mL or 10 ng/mL antibiotics
TCC Temperature 30 °C 30 °C 30°C
Detector DAD: Sig = 270, 4 nm; MS/MS: See Table 2 MS/MS: See Table 2
Ref =360, 100 nm
Introduction Table 2. MRM Transitions for Antibiotic Compounds.
Administration of antibiotics is a common practice in chicken, Compound Precursor  Product  Fragmentor  Collision
pork, beef and fish farming. Many domestic cattle receive vari- s “r L voltage ey
ous antibiotics in their feed for the prevention and control of dis- ~ Sulfamerazine 265 172 100 25
ease caused by fungi and bacteria. Many countries regulate Sulfamerazine 265 108 100 25
. . . Thiamphenicol 338 308 140 10
accept_able residue levels gf these compounds in ag.rlcultural Thiamphenicol 338 18 140 50
and animal products. In this work, an older method is transferred ]
from a 5 pm, 250 mm column to a new superficially porous col- Sulfamethazine 218 124 100 25
> Hm. up yp Sulfamethazine 279 108 100 30
umn to increase the speed of the analysis and change the Furazolidone 226 137 140 95
method of detection from UV to MS/MS. An increase in Furazolidone 226 122 140 25
throughput of 5 to 10 times is demonstrated, while minimally Sulfamonomethoxine 281 126 100 25
impacting sample preparation. Since the analysis time is short- Sulfamonomethoxine 281 108 100 25
ened dramatically, time is available for optimization of mobile Oxolinic acid 262 160 100 40
phase selectivity (pH, buffer types and organic modifier). Oxolinic acid 262 130 100 45
. . L. Pyrimethamine 249 198 140 45
Transition methods can be developed by modifying an existing Pyrimethamine 249 128 140 60
method or starting fresh. In this case, the objective was to Sulfadimethoxine 31 156 140 25
develop a new MS-compatible separation from an existing UV Sulfadimethoxine 311 108 140 55
separation. Consequently, a change in the mobile phase was Sulfaquinoxaline 301 129 100 50
required because 0.7 % phosphoric acid is not a desirable sol- Sulfaquinoxaline 301 108 100 40
vent for MS detection. A generic screening method using 0.1 % Difurazone 361 222 100 15
formic acid was investigated, but additional MS-compatible sol- Difurazone 361 154 100 45
vent systems were also evaluated. In this work a method is
developed by first screening different mobile phase combina-
tions using a short Agilent Poroshell 120 column using UV Experimental

detection, then transferring that method to an Agilent 6410 triple
quadrupole LC/MS System. A major advantage of the Agilent
Poroshell 120 EC-C18 is that it uses the same 2 pym frit as the
original 5 um column, negating the need for sample preparation
method development.

Agilent Poroshell 120 EC-C18 4.6 mm x 50 mm, 2.7 pm columns
have similar performance to 1.8-uym totally porous Agilent
ZORBAX Eclipse Plus C18 columns, but since they use 2-uym col-
umn frits similar to those found on 5-pm columns, they require
no additional sample preparation. This allows for a more seam-
less method transfer. While some previous work demonstrates
the use of Agilent Poroshell 120 columns on older Agilent 1100
systems, they are ideally used on more modern systems such as
the Agilent 1200 or 1260 series UHPLC's.
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Method development is based upon the use of a generic gradi-
ent. Using a short 4.6 mm x 50 mm Poroshell 120 EC-C18,

2.7 ym column, several different mobile phases can be quickly
evaluated. The generic gradient is run at 2.0 mL/min, starts at
10% and proceeds to 40% organic over 12 min. This gradient is
later transferred to 2.1 mm x 100 mm and 3 mm x 50 mm
columns by changing the gradient according to Equation 1. The
three gradients used are listed in Table 1 with MRM transitions
shown in Table 2. MS-compatible mobile phases consisting of
volatile buffer components such as formic acid, ammonium for-
mate buffer and ammonium acetate buffer are used.



An Agilent 1200 Rapid Resolution LC (RRLC) system was
used for this work:

+ G1312B Binary Pump SL.
+ (G1367C Automatic Liquid Sampler (ALS) SL.

+  G1316C Agilent 1290 Infinity Thermostatted Column
Compartment (TCC) SL.

+ (G1315C Agilent Diode Array Detector (DAD) SL using a
G1315-60024 micro flow cell (3-mm path, 2-puL
volume).

+ (6410 Agilent Triple Quadrupole LC/MS System with
Electrospray (ESI).

+ ChemStation version B.04.01 was used to control the
HPLC and process the data. Agilent MassHunter Version
2.0 was also used to control the Agilent 6410 Triple
Quadrupole LC/MS System, the Agilent 1200 Rapid
Resolution LC (RRLC), and to analyze the data.

Three Agilent Poroshell 120 EC-C18 columns were used in
this work:

e 4.6 mm x50 mm, 2.7 pm p/n 699975-902
¢ 3.0 mm x 50 mm, 2.7 pm p/n 699975-302
* 2.1 mm x 100 mm, 2.7 pm p/n 695775-902

The compounds of interest are shown in Figure 1, with their
respective structures. Compounds were dissolved in water at
1 mg/mL. Equal aliquots were combined to produce a mixed
sample. Compounds were purchased from Sigma Aldrich
(Bellefonte, PA). Additionally, methanol, acetonitrile, ammoni-
um formate, ammonium acetate, formic acid, and glacial
acetic acid were purchased from Sigma Aldrich. Water used
was 18 M-Q Milli-Q water (Bedford, MA).

Buffers used in this work were prepared by dissolving an
appropriate amount of the ammonium salt to produce a

10 mM solution, adding 950 mL water and titrating the solu-
tion with either formic acid (for the ammonium formate
buffers) or glacial acetic acid (for the ammonium acetate
buffers). The buffer solutions were then broughttoa 1L

volume.
CH3 CH3
NZ | N | NH,
~
)\ )\ 0
HN N HN N CHs
0—S—0 HO—S—OH NZ | ﬂ 0§
S
K .S 78
N NH g 0 NH
Z N
NH, |
NH X )\
2 NH, H3CO N 0CH3
Sulfamerazine Thiamphenicol Sulfadimidine Sulfadimethoxine Sulfamonomethoxine
(SMR) (TCP) (SDD) (SDMX) (SMMX)
Cl
JO\ HO, el
N= NO; =0
\N N ° N
N / )\ //\\
H,N H, k 0 =0 Furazolidone 0
(FZD)
Pyrimethamine Oxolinic acid . .
Sulfaquinoxaline
(PYM) (OXA) ?SQX)
0
\\N+ X /NHT]/NHZ
Ho” l
Difurazone
(DFZ)

Figure 1. Compounds of interest.
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Results and Discussion

The original method published in 2002 by Kumagai and
Onigbinde provides an effective method for the analysis of
antibiotics in meat using UV detection. As seen in Figure 2,
the method separates the analytes in approximately 45 min.
However the nonvolatile phosphoric acid in the mobile phase
is not compatible with MS detection.

In many cases, simple scaling of a method will allow for a fast
method transfer. In this case, however, a change in the mobile
phase was required for LC/MS compatibility. The use of short
Poroshell 120 EC-18 4.6 mm x 50 mm, 2.7 pm columns for
assessing mobile phase changes has several advantages. One
advantage is that they allow quick separations without sacri-
ficing resolving power. In addition, since they are used at 2
mL/min with a generic gradient, the solvent is rapidly purged
through the system. This ensures that the solvent screening
experiment can be quickly performed by changing solvent bot-
tles, with no concerns about residual solvents in the HPLC

pump or the degasser. These columns can be used for LC/MS
but typically smaller diameter columns such as 3.0 or 2.1 mm
columns are used.

As discussed in reference 5, once a separation has been opti-
mized according to selectivity and retention index, it is possi-
ble to further improve the chromatography by varying column
length, particle size and flow rate. However the k* value must
be maintained, while varying these column conditions so as
not to lose selectivity.

Equation 1: k" = (t,F)/(d/2)2L(A%B)

Where:
t_is the gradient time
Fis the flow rate
L is the column length
d is the column internal diameter
A%B is the change in organic content across the gradient
segment

Original Method Kumagai and Onigbinde 5988-7135 June 2002

Only 338 and 360 wavelengths are shown for brevity.

mAU
20 at 224 nm
10
0
0 5 10 15 20 25 35 min
mAU
20 at 360 nm DFZ
10 FZD
0
0 5 10 15 20 25 35 min
Instrument: Agilent 1100 Series HPLC
Column: 250 mm x 4 mm id, RP-18 Purospher, 5 pm, p/n 79925PU-584
Mobile phase: A =10.7% Phosphoric acid, B = CH,CN
Gradient: 0.0 min 5% B; 10.0 min 5% B; 40.0 min 65% B; 45.0 min
65% B; Post Time 7.0 min 5% B
Flow rate: 1.0 mL/min
Temperature: 40°C
Injection volume: 20 uL

Diode array detector:

Figure 2.

A-338/10 nm, reference wavelength off
B-264/8 nm, reference wavelength off
C-360/8 nm, reference wavelength off

Original method produces excellent results on a 250 mm column with UV detection.

117



As illustrated in Figure 3, generic gradients using methanol or
acetonitrile are used to separate the compounds of interest.
The gradients using methanol generate 50% higher pressure
(300 bar instead of 200 bar). While this is not critical when
using a 50 mm column, this does become more important as
the length of the column is increased to 100 or 150 mm.

With methanol, the last compound elutes later due to the
lower solvent strength. Formic acid, while a convenient
mobile phase additive, produces less optimal results than
10 mM ammonium formate buffer (pH =3), particularly for
pyrimethamine. In addition to peak shape improvements,
elution order changes also occur most notably with
pyrimethamine.

Many selectivity improvements and changes can be produced
by choice of pH or organic modifier. As noted earlier, the peak
shape of many basic compounds are improved when using
methanol, however Poroshell 120 EC-C18 yields excellent
peak shape for all compounds in this study. By adjusting the
pH even slightly, both the elution order and peak spacing can
be changed. This is most evident in Figure 3, where methanol
and pH act to dramatically change the elution order. For the
compounds in this study the best mobile phase combination
is found at pH 3.8, ammonium formate with acetonitrile.

Fast evaluation of two low pH MS friendly mobile phases and two
organic modifiers using Agilent Poroshell 120 EC-C18

it
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0.1 % HCOOH pH 2.7 CH,0H
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SMMX

10 PYM

7 689
1
3 | ] 7 89
<\ 6
2 NN
8 9

0XA
SDMX
SQz

0 DFZ

1
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3

4

10 mM NH,4HCO, pH 3.0 CH,0H 5
6

7

8

205 Bar 9

1

0.1 % HCOOH pH 2.7 CH,CN
10

1
3 5
2] 4
6

10 mM NH,HCO, pH 3.0 CH,CN

10% to 40% B/12 min at 2 mL/min
Agilent Poroshell 120 EC-C18 4.6 mm x 50 mm, 2.7 ym

Figure 3.

Comparison of chromatographic conditions: buffer, 0.1 % formic acid, CH;0H, CH,CN.



Acetonitrile with ammonium formate buffer yields excellent peak
shape and selectivity with pH 3.8 being optimal for these analytes

Vary mobile phase additive, CH3CN solvent 205 Bar
1 3 5
2\ 4 6 7 8 9 0.1% HCOOH pH 2.7
10 1 SMR
2 TPC
L3 5 3 SDD
2 4 7, 8 9 10 mM NH4HCO, pH 3.0 4 FZD
\ 10 5 SMMX
6 PYM
1 . 7 OXA
5 8 SDMX
2 |4 76 89 10 mM NH,4HCO, pH 3.4 9 sz
10 10 DFZ
3 5 10 mM NH,HCO, pH 3.8
2 4 7, 89 4Ntz pA S
\ 10
1, ;
2 ), BT 10 mM CH3COONH, pH 4.8
\1 10
0 1 2 3 4 5 6 7 8 min

10% to 40% B/12 min at 2 mL/min
Agilent Poroshell 120 EC-C18 4.6 mm x 50 mm, 2.7 ym

Figure 4. Comparison of buffers with CH,CN.
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Methanol with ammonium acetate buffer yields excellent peak

shape with pH 4.8 being optimal for these analytes

Vary mobile phase additive, CH30H solvent
1

300 Bar

0.1 % HCOOH pH 2.7
10

10 mM NH4HCO, pH 3.0
10

PR 1) O S ¥ ¥

10 mM NH,4HCO, pH 3.8
10

e L

10 mM CH3COONH,4 pH 4.8

e I

10% to 40% B/12 min at 2 mL/min
Agilent Poroshell 120 EC-C18 4.6 mm x 50 mm, 2.7 pm

Figure 5. Comparison of buffers with CH,0H.
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Figure 6 illustrates a total ion chromatogram based on the with the same gradient with only the flow rate changed. If the

scouting work shown in Figures 3, 4 and 5. Conditions were gradient had been exactly scaled, the analysis time would
scaled according to Equation 1 for the 3.0 mm x 50 mm col- have been twice as long, but as illustrated, the resolution is
umn. This easy change demonstrates that the 3 mm column adequate. Figure 7 shows an MRM chromatogram of the
can be easily used for both conventional UV and more sensi- antibiotic mixture. The compounds are sufficiently separated
tive MS. In addition, a 2.1 mm x 100 mm column is also used even with a large sample volume injected on-column.

Conditions are listed in Tables 1 and 2.

Overlay of 3.0 x 50 and 2.1 x 100 mm columns using the same gradient parameters

"
Xm4 Agilent Poroshell 120 EC-C18 3.0 x 50 mm 1. SMR
10-40 %B/12 min @ 0.85 mL/min 2. TPC
3 Sample: 5 pL of 1 pyg/mL antibiotics 3. SDD
1 MS Source:  Gas Temp =350 °C g g%\}IJMX
2 Gas Fl.ow =12 L/m|n 6. PYM
Nebulizer = 40 psi 7. OXA
1 Capillary = 4000 V 8. SDMX
10 MRM transitions found in Table 2 9. S0z
N 10. DFZ
10t Agilent Poroshell 120 EC-C18 2.1 x 100 mm
5 8 10-40 %B/12 min @ 0.42 mL/min

3 Sample: 2.5 pL of 1 pg/mL antibiotics
MS Source:  Gas Temp =350 °C
Gas Flow =12 L/min
Nebulizer = 40 psi
9 Capillary = 4000 V
MRM transitions found in Table 2

1 2 3 4 5 6 7 8 9 10 1
Counts vs. Acquisition Time (min)

Figure 6.  Total ion chromatograms of antibiotic mixture on 3 x 50 mm, and 2.1 x 100 mm Agilent Poroshell 120 EC-C18 columns.
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Optimized MRM of 10 antibiotics in less than 11 minutes on Agilent Poroshell 120 EC-C18

x10? 3 5
9 —
- 1
- 1 SMR
8 - 2 TPC
- 3 SDD
Z 4 FZD
7- 5 SMMX
- 8 6 PYM
- 9
- 7 OXA
6 7 8  SDMX
- 9 saz
- 10 DFZ
5 —
4 :
- 6
3 -
B 4
2 i 2
1 :
g . 10

1 2 3 4 5 6 7 8 9 10
Counts vs. acquisition time (min)

Agilent Poroshell 120 EC-C18 2.1 mm x 100 mm, 2.7 pm

10% CH,CN at t, ramp to 40% CH,CN in 12 min (buffer 10 mM NH,HCO, pH 3.8 adjusted with concentrated formic acid), 0.42 mL/min
Sample: 10 uL of 10 ng/mL antibiotics

**using dynamic MRM mode on MS/MS**

Figure 7. Dynamic MRM of antibiotic mixture on Agilent Poroshell 120.

122



Conclusions

This work shows that in method migration, modern colums
and fast liquid chromatographs make it easier to start fresh.
Using a generic gradient on short columns, 10 mobile phase
combinations are quickly evaluated. Following basic scaling
equations, a method can easily be transferred to a column of
another dimension. By optimizing the mobile phase using a
UV detector, the method is partially developed on an instru-
ment that may be commonly used in a lab rather than the
more expensive and possibly less available instrument that
the method will be transferred to.

Poroshell 120 columns are good to use for LC/MS of complex
samples at low pressure. Regardless of the analytical power
of the triple quadrupole mass spectrometer, a better separa-
tion simplifies data analysis, which may shorten cycle time.
Baseline separated compounds also allow the mass spec-
trometer to maximize dwell time for a given peak to yield
more accurate and reproducible results. This ensures the best
possible quantitation. Additionally, less chance of ion sup-
pression is possible caused by coeluting compounds.

Several additional factors are also demonstrated. Optimal
conditions for this mixture are found using the fast scouting
method in acetonitrile ammonium formate buffer pH 3.8

(8 min). The analysis also works in methanol with pH 4.8,
ammonium acetate (13 min). This could easily be shortened
by changing the gradient to elute the last peak more quickly.

For example, ramp organic more quickly at the end with a sec-

ond step; however this would increase pressure further. The
use of a “true buffer” such as 10 mM ammonium formate pro-
vides better peak shape for bases than a buffering solution
such as 0.1 % formic acid at similar pH. The method as shown
is chromatographically optimized and work is in progress to
optimize detection conditions.
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Introduction

Hair dyes are used by people all over the world. Commonly used hair dyes contain
modified aromatic aniline and phenolic compounds that may cause allergic reac-
tions or cancer. Due to these potentially harmful effects, the amounts of these
compounds are restricted in many countries.

Methods for the quantitative measurement of these compounds in hair dyes include
GC, GC/MS, LC and LC/MS [1]. HPLC methods are popular because they can analyze
compounds that are not thermally stable, but are strongly polar with low volatility.

The Agilent Poroshell 120 EC-C18, 2.7 pm columns are packed with superficially
porous materials. These columns have almost the same efficiency as that for sub-2-
pm totally porous materials and provide similar fast and high resolution analyses.
For this application, a gradient method was developed on an Agilent Poroshell 120
EC-C18, 3.0 x 100 mm, 2.7 pm column. In this study, two commercial samples were
analyzed and the dye compounds detected. Within 10 minutes, 17 compounds were
well separated from other components in the hair dyes.
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Experimental

The Agilent 1200 Series SL LC System includes a binary
pump, a thermostatted column compartment (TCC), a high
performance autosampler and a diode array detector (DAD).
The column used in the application is an Agilent Poroshell
120 EC-C18 3.0 x 100 mm, 2.7 pm (p/n 695975-302).

The following compounds were separated:

p-phenylenediamine, p-aminophenol, 3-aminophenol, 1,3-ben-

zenediol, 2-methylresorcinol, 2-chloro-1,4-diamino-benzol-
sulfat, 2-nitro-1,4-penylenediamine, 5-amino-o-cresol,
2-amino-5-methylphenol, 4-amino-3-nitophenol, o-phenylene-
diamine, 6-hydroxyindole, 4,n,n-diethy-2-methyl-p-phenylene-
diamine, 1,5-dihydroxy-naphthalin 2,7-dihydroxy-naphthalin,

n-phenyle-1,4-phenylene-diamine, 1-naphthol, o-aminophenol.

Each compound was prepared in methanol at 10 mg/mL,
mixed together, and diluted down to a level of 0.05 mg/mL
each with 2 g/L sodium hydrogen sulfite solution.

The two samples were purchased locally and designated A
and B. A 0.5-g amount of each sample was extracted using
10 mL of acetonitrile, then placed in an ultrasonic bath for
10 minutes. The solution was then filtered through a 0.2-ym
regenerated cellulose filter. The filtered solution was trans-
ferred to an auto sampler vial for HPLC analysis.

mAU
Pressure: 340 bar
60
9
1
50
15
40 1
6.7 12
30 3 13 16
5 10
20
10 8
12 '
0
0 2 4 6
Figure 1.

Discussion

Chromatographers use sub-2-um particle columns for fast
HPLC analysis because they achieve excellent results. A
UHPLC with a pressure limit of greater than 400 bar is often
used for fast, high resolution analysis with sub-2-pm particle
columns. However, Agilent Poroshell 120 columns have 2.7-uym
superficially porous particles that provide similar efficiency to
the sub-2-pm columns but at 40-50% less back pressure, at
below 400 bar. This makes them suitable for HPLC instru-
ments. These are achievable results because superficially
porous particles have shorter diffusion paths and a much
tighter particle size distribution than totally porous particles.
These two particle features mean the small, superficially
porous particles generate high efficiency, similar to the
efficiency of sub-2-uym columns.

Figure 1 shows the separation of 17 potential hair dye stan-
dard components on an Agilent Poroshell 120 EC-C18 column
in a 10-min gradient. Reasonable resolution is achieved
between all the sample components as well as some minor
impurities present in the sample. It is likely that the impurities
were oxidative degradation products of the major compounds
that were not sufficiently stabilized by the addition of the
sodium hydrogen sulfite solution.

A: 10 mM Acetate

. B: ACN
Time %B
20 0 2
1 2
10 55
1 2
19 0.8 mL/min, 280 nm

1 pL injection
Agilent Poroshell 120 EC-C18,
3.0 x 100 mm, 2.7 pm column

21

8 10 12 min

Standards chromatogram using Agilent Poroshell 120 EC-C18, 2.7 um column. Standards: 1. p-phenylenediamine 2. p-aminophenol 3. 3-aminophenol

4. o-phenylenediamine 5. 1,3-benzenediol 6.unknown 7. 2-chloro-1,4-diamino-benzol-sulfat 8. 2-methylresorcinol 9. 2-nitro-1,4-penylenediamine
10. 5-amino-o-cresol 11. 4-amino-3-nitophenol 12. 6-hydroxyindole 13. 1,5-dihydroxy-naphthalin 14. 2,7-dihydroxy-naphthalin 15. unknown
16. unknown 17. n-phenyle-1,4-phenylene-diamine 18. 2-amino-5-methylphenol 19. 1-naphthol 20. 0-aminophenol 21. unknown 22. unknown.



A 3.0 mm internal diameter column was used for this separa-
tion at a flow rate of 0.8 mL/min, which is almost twice the
normal flow rate of the 0.4—0.5 mL/min typically used with this
column ID. This produced a fast separation with no compro-
mise in performance, due to the fast diffusion in the particles.
Many may relate this to the flat region of the Van-Deemter
curve at high flow rates —the “C” term. The Poroshell 120

2.7 pm particles have a Van-Deemter curve similar to columns
with 1.8 pm particles. The performance of the Poroshell column
does not decrease at high flow rate, compared to that of
columns with 1.8 pm packing, but has lower pressure (340 bar),
which is compatible with that of the 400-bar instruments. An
example Van Deemter curve is shown in Figure 3.

Figure 2 shows an overlay of the chromatograms for Samples
A and B and the standards. Only compound 12 (6-hydroxyin-
dole) was found in Sample A and compounds 1 (p-phenylene-
diamine), 3 (3-aminophenol) and 5 (1,3-benzenediol) were
detected in Sample B. Different components are used in hair
dyes produced by different manufacturers. The amounts of
detected compounds can be measured given the concentration
of standards.

mAU
120
100
80
60
Standards
40
5 12
20 Sample A
1 3 Sample B
0
0 2 4 6 10 12 min
Figure 2. Chromatogram overlay for samples and standard components.
H (cm) vs Flow rate (mL/min)
(60:40 ACN: H,0, all columns 4.6 mm x 50 mm)
0.0025
g Agilent Poroshell 120 SB-C18, 2.7 pm
= 0002
5 Agilent ZORBAX RRHT SB-C18, 1.8 ym
]
E 0.0015
=
-
0.001 2.7 ym Poroshell 120 1.8 um totally porous particles
0.0005
0
0 1 2 3 4 5 6

Flow Rate (mL/min)

Figure 3.

Van Deemter curve of Agilent Poroshell 120 column versus totally porous 1.8 um particle columns.



Conclusion

The method developed for the separation of hair dye compo-
nents on the new Agilent Poroshell 120 EC-C18 column pro-
vides good resolution and is suitable for fast screening of
these compounds. The superficially porous 2.7 ym particle
columns provide similar performance to the totally porous
sub-2-pm columns but with lower pressure. Due to the low
pressure, a 400-bar instrument can run this method. A higher
flow rate allows faster separations on a UHPLC, up to the
600-bar pressure limit of the column.
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4-0-tolylazo-o-toluidine

RS RXH g CASS
1 1,4-phenylendiamine MR RR 106-50-3
2 4-methoxy-m-phenylenediamine 24— FEFR PR 615-05-4
3 4-methyl-m-phenylenediamine 2, LHERE 95-80-7
4 Aniline P 62-53-3
5 benzidine i 92-87-5

o-anisidine I
6 2-methoxyaniline 2RAERRE 90-04-0
7 4, 4'-oxydianiline 44" —HE KR 101-80-4
o-toluidine U
8 2-aminatoluene BEER 9634
9 4-chloroaniline [BF i 106-47-8
10 5-nitro-o-toluidine SREE AR 99-55-8
4,4'-methylenedianiline e — e
I 4,4'-diaminodiphenylmethane YACRECRRE 101-77:9
" 6-methoxy-m-toluidine LREESRERR 120-71-8
p-cresidine N AmT
13 2,6-dimethylaniline 26-—HRERR 87-62-7
14 2 4-dimethylaniline 24— RERR 95-68-1
3,3'"-dimethoxybenzidine e e
15 o-dianisidine 38 CRERRAR 119-90-4
3,3"-dimethylbenzidine . N
16 44bi-0-olidine 38 —FERER 119937
17 4,4'-thiodianiline 44" ——HE KGR 139-66-1
18 2-naphthylamine 2Bk 91-59-8
19 4-chloro-o-toluidine L AR 95-69-2
20 2,4 5-trimethylaniline 2,4, b ZHEXR 137-17-7
21 4 4'-methylenedi-o-toluidine 2, "HERR 838-88-0
biphenyl-4-ylamine — Yt
2 4-aminobiphenylxenylamine FRERELK 92671
3,3'"-dichlorobenzidine v
2 3,3"-dichlorobiphenyl-4,4'-ylenediamine 33 —REAR 91041
24 4-aminoazobenzene LREBRE 60-09-3
4, 4'-methylene-bis-(2-chloro-aniline) = g e
2 2,2dichloro-4.4" -methylene-dianiline 22-—RAN TRETRR 101-14-4
0-aminoazotoluene
26 4-amino-2',3-dimethylazobenzene PREBREE 97-56-3
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1.3 B m Ay ER
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21 BRI ST

G REd, 45238 T Poroshell 120 EC-C18.%% Poroshell 120 SB-C18T F R B 1R B 14T, RIEC-CI8LLSB-CISER M EATE, HmL vk Poroshell
120 EC-C18E2 34E, #AK B30 mmi d x 150 mm, 27 pm, ZWBERFENMA, RAFEFHREH0S mUmn, ZBENSBF, 4 4855
“KRE 2REESHERE. 26 HERK. 24 THERK. 33 “HREEBEK. 33 —REBEERIANMAYEUMBEES B
Hm, SRERBEI, ZAMADHBEALEREGER, BENENTHOFEXMEN/MAYNIBE, Bt BHEREAS ml/
min (30mmAFAEERE)  TUBBRNENT 8, FESBENRL, TUEZAMEDTRBRENSBILET), REARBHOBERD
T

Time B%
0 14
45 29
8 29
9 50
105 65
12 90
14 100
15 14
DAD1 A, Sig=240,4 Ref=off (CACHEM32__.. DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000003.0)
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DAD1 A, Sig=240,4 Ref=0ff (C:\CHEM32_...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000003.D)

mAU 7

40

307

20

e
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0 2 4 6 8 10 12 min
DAD1 B, Sig=280 4 Ref=off (C:\CHEM32_...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000003.D)
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10 12 mi

0 2 4 6 8
DAD1 C, Sig=305,4 Ref=off (C:\CHEM32_...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21\20100819000003.D)
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RIS H6T00r, (IR T S A A — 2 SR EO000arUHPLC L BT, T RIS AR, EhEaT EHRE
RE. EEEREERASNREN SN, MEENEMTNEY, REHIRETREIMRLS,

(] DAD1 A, Sig=240,4 Ref=off (AZOS DYES\...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000001.D)
] DADIA, Sig=240,4 Ref=off (AZOS DYES)...DYES-POROSHELL 120EC\DEF _LC 2010-08-19 09-56-21120100819000002.D)
(] DAD1 A, Sig=240,4 Ref=off (AZOS DYES\...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000003.D)
] DADI A, Sig=240,4 Ref=off (AZOS DYES\..DYES-POROSHELL 120ECIDEF LC 2010-08-19 09-56-21120100819000004.D)
(] DAD1 A, Sig=240,4 Ref=off (AZOS DYES\...DYES-POROSHELL 120EC\DEF_LC 2010-08-19 09-56-21120100819000005.D)
(] DAD1 A, Sig=240,4 Ref=off (AZOS DYES\AZODYE-POROSHELLEC\20100819000002.0)
-1t ]
40
30
20
107 g
U
| ;
0
-10 \ \ \ \ \ \ 1
0 2 4 6 8 10 12 min
B2 ASHEE MBI

136



3N
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Abstract

This Application Note describes how the Agilent 1290 Infinity LC system equipped
with the Agilent Max-Light 60 mm Diode Array Detector cartridge cell was used for
residue analyses of nitroaromatic explosives in soil. Excellent sensitivity can be
achieved with detection limits below 1 pg/L for standard solutions. Chromatographic
selectivity for the structurally related compounds was obtained using an Agilent
Poroshell 120 EC-C18 column operated at 44 °C. The developed method is validated

and applied to a set of soil samples.
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Introduction

Explosive residues are found in ground-
water, sediment, and soil that have
been contaminated by military or terror-
ist activities and civil activities such as
mining and construction.
Trinitrotoluene (TNT) and its metabo-
lites and hexogen (RDX) are the most
commonly used explosives'-2. Bacteria
in the soil transform TNT to the toxic
and mutagenic metabolites 2-amino-
4,6-dinitrotoluene (2A-DNT) and
4-amino-2,6-dinitrotoluene (4A-DNT).

The United States Environmental
Protection Agency has published EPA
Method 8330 for the analysis of
nitroaromatics and nitramines3*. The
structures of the 14 compounds studied
in this work are shown in Table 1. The
determination of explosives in environ-
mental samples is a challenging task.
The inherent limited thermal stability of
some of the explosives makes them
unsuitable for GC analysis.
Consequently, LC is the method of
choice for these compounds. LC/MS
using atmospheric pressure chemical
ionization (APCI) is applicable for explo-
sive residue analysis? because the sen-
sitivity for certain explosives is as low
as 1to 10 ng/kg or ng/L. However, for
some compounds the sensitivity is not
within standards and the instrumental
cost is high.

Explosive residues can be detected at
relatively low levels with UV or DAD
detectors. One of the disadvantages of
using UV-based detection compared to
mass selective detection is the lack of
selectivity. This can be problematic
because some of the compounds are
structurally very similar, which makes it
difficult to separate them chromato-
graphically. The EPA Method 8330,

therefore, recommends the use of two
columns. A C18 phase is used as the
primary column while an additional
analysis on a CN phase is required for
confirmation purposes. Coupling
columns in series produces a combina-
tion of both stationary phases in the
same analyses®. However, sample
matrixes can vary significantly and pro-
duce interferences during sample
analyses. Nevertheless, LC with UV

detection (EPA 8330) is still the method
of choice for this analysis.

This Application Note shows the
advantages of using state-of-the-art
equipment combined with a sensitive
detector for the analysis of all explo-
sives, especially those in soil samples.
The analyses were performed using the
Agilent Poroshell 120 column.

02N NO,  o,N NO,
\N/\N/ \N/\N/
<N N> kN)
PN ||\|0
UzN NOZ 2
HMX RDX
(Octogen) (Hexo gen)

NB
(Nitrobenzene)

CH, CH,
H,N. JT\ NO, 0N JT\ NO,

Tetryl

NO, NH,
2A-DNT 4A-DNT
(2-Amino-4,6- (4-Amino-2,6-

dinitrotoluene) dinitrotoluene)

2-NT
(2-Nitrotoluene)

3-NT
(3-Nitrotol

0,N__CH;
N
©/N02 0,N. JT\ NO,

CH; CH,
i i “NO,

0,N. : _NO,

1,3-DNB
(1,3-Dinitrobenzene)

CH,
0, N. i _NO,
TNT
(2,4,6-Trinitrotoluene)

1.3,5-TNB
(1,3,5-Trinitrobenzene)

CHg
CHg
0,N NO,
NO,
2,4-DNT 2,6-DNT

(2,4-Dinitrotoluene) (2,6-Dinitrotoluene)

CH,

4-NT

uene) (4-Nitrotoluene)

Table 1
Compounds listed in US EPA Method 8330.
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Experimental

Chemicals and solutions

The explosive standard mixtures were
purchased from Dr. Ehrenstorfer
(Augsburg, Germany). The mixtures
were prepared as 100 ng/mL of each in
acetonitrile (Table 2).

All dilutions and sample solutions were
acidified with 0.1% (v/v) formic acid to
prevent degradation of tetryl. The final
solvent for injection was a mixture of
0.1% formic acid in water/acetonitrile
75/25 (v/v).

Sample preparation
Dry soil samples were extracted as
follows:

1. Weigh 2 g of soil ina 15 mL
centrifuge tube.

2. Spike with explosives
(optional).

3. Add 5 mL 0.1% formic acid in
acetonitrile.

4. Shake for 10 s.

5. Ultrasonicate at room temper-
ature for 15 min.

6. Store in refrigerator for 2 h.

7. Ultrasonocate at room temperature
for 15 min.

8. Centrifuge.

9. Dilute 1 mL of the liquid with
3 mL of 0.1% formic acid in
water.

10.Mix and filter through membrane
filter (regenerated cellu
lose, 0.45 pm).

Nitroaromate-Explosive Mix 1

Nitroaromate-Explosive Mix 2

(08330100) (08330200)
1,3-DNB 2A-DNT
2,4-DNT 4A-DNT
RDX 2,6-DNT

NB 2-NT

HMX 3-NT
1,35-TNB A4-NT

TNT Tetryl

Table 2

Sample solutions.

Chromatographic conditions
Method parameters:

Column Agilent Poroshell 120 EC-C18, 100 mm x 2.1 mm, 2.7 ym
(p/n 695775-902)
Mobile phase A=0.01% (v/v) formic acid in water
B=methanol
Flow rate 0.55 mL/min
Gradient 0-2.5 min 20% to 28% B
2.5-6.5 min 28% to 30% B
6.5-11.5 min 30% to 70%B
11.5-13 min 20% B
Column temperature 44 °C
Injection 20 pL, with needle wash (flushport, 5 s, water/methanol 1/1)
Sample temperature 15°C
DAD Signal A: 254/8 nm (quantification)

Signal B: 234/8 nm (qualifier wavelength for confirmation)
Peakwidth > 0.025 min

Equipment
An Agilent 1290 Infinity LC system with the following configuration was used:

1290 Infinity Binary Pump with integrated vacuum degasser (G4220A)
1290 Infinity Standard Autosampler (G4226A)

1290 Infinity Thermostat (G1330B)

1290 Infinity Thermostatted Column Compartment (G1316C)

1290 Infinity Diode Array Detector (G4212A)

Max-Light Cartridge High Sensitivity Cell (60 mm optical path length)
(G4212-60007)

Max-Light Cartridge Standard Cell (10 mm optical path length)
(G4212-60008)
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Results and discussion

Method optimization

The separation of the 14 compounds in
a reasonable time is not straightforward
because of structural similarities.
Consequently, the choice of the station-
ary and mobile phase is important. The
final chromatographic method is based
on the method described in Technical
Overview 5990-5552ENS, but a gradient
is used instead of the original isocratic
method to analyze the soil matrix. A
shallow gradient is applied for separa-
tion and elution of the explosives and a
column rinsing step is incorporated at
the end of the run. The total analysis
time including column re-equilibration
is 13 min.

Control of the column temperature is
crucial for the separation of explosives
6 to 11347 A temperature of 44°C was
best to achieve the desired selectivity.
A small amount of formic acid was
added to mobile phase A to ensure the
stability of tetryl. The addition of the
acid does not affect the retention of the
investigated compounds but has an
effect on the baseline shape during the
gradient. Therefore, a low concentra-
tion of 0.01% (v/v) of formic acid was
finally selected to obtain a relatively flat
baseline.

Since extraction of the soil samples is
carried out with acetonitrile, it is impos-
sible to inject large volumes of the

extract without sacrificing chromato-
graphic efficiency and peak shape. The
injection volume should be kept below
2 pL under the given analytical condi-
tions. When larger volumes must be
injected to increase sensitivity the ace-
tonitrile is diluted with a weaker sol-
vent, such as water. Diluting the sam-
ples three times with 0.1% formic acid
in water permits the use of injection
volumes of 20 pL and higher. For a

20 pL-injection of a diluted sample, the
amount loaded on the column is
increased 2.5 times compared to an
injection of undiluted samples and solu-
tions. An example of the influence of
sample solvent and injection volume is
shown in Figure 1.

Efforts were made to further concen-
trate the extract by evaporation under
nitrogen and reconstitution in a smaller
volume of injection solvent.
Unfortunately, some of the more
volatile explosives (such as nitroben-
zene and nitrotoluenes) were lost dur-
ing this step.

Method validation

The detection limit with a 20-pL injec-
tion was found to be approximately
0.5 ppb (pg/L) in the injected solution
when the 60 mm flow cell was
installed. This means that the LOD in
soil samples should be around 5 ppb
(ng/kg). The Max-Light Cartridge high

mAU

1.095- HMX 254
1.920 - RDX 254

2.936-135- TNB 254

3.478-13-DNB 254

6.660 - 24-DNT 254

6.827 - 26-DNT 254

6.052- 2A-DNT 254
8.618-3-NT

5.548 - Tetryl 254
5.829 - TNT 254
6.258 - 4A-DNT 254

Figure 1

Comparison of an analysis of a standard solution in acetonitrile (500 ng/mL, 5 pL injected) — bottom
chromatogram and in 0.1% formic acid in water/acetonitrile (125 ng/mL, 20 pL injected) — top
chromatogram. In both analyses, the amount of each explosive on-column was 2.5 ng.
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sensitivity flow cell has a significantly
longer optical path length (60 mm) com-
pared to the standard flow cell (10 mm)
and should in theory improve the sensi-
tivity by a factor of 6. The performance
of both flow cells was compared and
the results are summarized in Table 3.
The signal-to-noise ratio is increased by
a factor of approximately 4.5 for injec-
tion of a 5 ppb standard solution while
the resolution remains unaffected.
Consequently, the sensitivity will be
about b times higher with the high sen-
sitivity cell. This is confirmed in Table 3
when comparing the data for the analy-
sis of a b ppb standard solution on a 10
mm flow cell and a 1 ppb standard solu-
tion on a 60 mm flow cell. With the
standard 10 mm flow cell installed, sev-
eral of the test compounds could not
even be detected at the 1 ppb level. The
influence of the increased path length
on the signal for a 1 ppb standard solu-
tion is shown in Figure 2.

The repeatability of the method was
investigated at three different levels.
Standard solutions with a concentration
of 1,10, and 100 ppb were each inject-
ed eight consecutive times and the RSD
was calculated. A calibration curve was
constructed by single injections of the
following standard solutions: 1, 2.5, 5,
10, 25, 50, 100, 250, and 500 ppb. The
results are summarized in Table 4.

10 mm, 5 ppb 60 mm, 5 ppb 60 mm, 1 ppb
S/N ratio Resolution S/N ratio Resolution S/N ratio Resolution

Tetryl 45 19.5 35

TNT 5.2 1.74 23.4 1.81 4.0 1.65
2A-DNT 55 1.30 24.3 1.36 47 1.32
4A-DNT 3.8 117 16.5 1.16 3.2 1.05
24-DNT 7.0 2.15 32.3 2.16 5.7 2.05
26-DNT 43 0.77 20.1 0.84 7.0 0.85

Table 3

Comparison of performance of the Agilent Max-Light 10 mm Cartridge and 60 mm flow cells.

mAU
0.9
0.8
0.7+
0.6
0.5
0.4+

4.079 - NB 254

0.3

0.2

yl 254

5.548 - Tetr

5.823-TNT 254

A,
&)
69,
273

46<05U -2A-DNT 254
e

ea; “”3535

6.253 - 4A-DNT 254

4
ea g, 6725

64'658 -24-DNT 254
° 11449,
24847 -26-DNT 254
L5,

4 4.5 5

5.5

6

6.5

7 min

Figure 2

Detail of analysis of a 1 ppb standard solution with Max-Light Cartridge Standard Flow Cell (10 mm
optical path length) — bottom chromatogram and with Max-Light Cartridge High Sensitivity Flow Cell

(60 mm optical path length) — top chromatogram.

Repeatability (n=8), %RSD

T o n 5 Linearity

Compound em1nnls;:blm 1 ;:1 10r::b 1nor::b (1-500 ppb) B*
HMX 0.09 594 1.68 1.05 09994
RDX 0.11 5.96 191 0.88 0.9999
135-TNB 0.10 1084 1.49 0.46 09995
13DNB 0.08 371 1.04 0.96 09995
NB 0.07 9.05 2.00 158 0.9996
Tetryl 0.09 1085 1.63 1.64 09988
NT 0.10 9.07 1.65 1.29 09992
2A-DNT 0.08 6.78 1.55 0.83 09994
4A-DNT 0.08 351 2.29 143 09992
24-DNT 0.08 6.78 1.84 117 09992
26-DNT 0.08 765 218 1.20 0.9996
2-NT 0.03 1388 418 117 09997
4-NT 0.03 1215 3.15 148 09998
3-NT 0.02 462 3.05 119 09995
Table 4

Method performance.
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Sample analyses

Three different soil samples are ana-
lyzed before and after spiking with the
explosives at the 50 and 500 ppb (ng/kg
soil) level. After sample preparation and
analysis, the result is compared to the
injection of a 5 and 50 ppb (ng/mL)
standard solution. The recovery for the
spiked samples is calculated after the
subtraction of peaks present in the non-
spiked samples. The data are shown in
Table 5. For most samples the recovery
is within reasonable limits (for example,
between 80 and 120%).

Some values, however, such as the

50 pg/kg spikes of TNT and 26-DNT are
significantly higher than expected with
interferences of the sample matrix. In
the developed method, the DAD signal
at 234 nm was additionally stored for
confirmational purposes and the cali-
bration was performed with this wave-
length as well. When the detected peak
corresponds with the respective explo-
sive the calculated concentrations
should be very similar for both wave-
lengths. This was not the case for the
detected peaks in the soil samples in
this study. Therefore it was concluded
that these peaks are interferences of
another nature.

This demonstrates the well known lack
of selectivity of UV-based detectors
compared to mass selective detection
for very low concentrations of explo-
sives. However, a DAD detector
remains the first choice for expected
concentrations in the range of approxi-
mately 100 pg/kg. An example of an
analysis of nonspiked and spiked soil
samples is shown in Figure 3.

Spike 50 pg/kg

Spike 500 pg/kg

Compound Soil 1 Soil 2 Soil 3 Soil 1 Soil 2 Soil 3
HMX 80.7 72.0 69.2 91.9 95.3 90.3
RDX 106.8 95.0 94.2 90.0 89.6 89.6
135-TNB 79.5 100.2 104.5 93.3 99.2 100.5
13DNB 129.6 139.0 152.6 96.9 100.4 100.9
NB 104.8 110.7 107.0 104.3 1Mm1.2 108.3
Tetryl 95.1 95.4 94.7 92.7 94.2 96.6
TNT 1375 248.9 1911 100.6 97.6 93.1
2A-DNT 101.7 96.6 97.9 93.2 95.0 96.9
4A-DNT 102.4 91.5 96.5 90.5 93.1 95.3
24-DNT 121.0 89.9 88.8 98.3 96.7 97.9
26-DNT 157.7 2305 202.0 99.3 93.8 93.6
2-NT 83.0 91.2 107.8 108.3 118.0 105.0
4-NT 115.7 103.2 97.2 108.8 104.9 99.1
3-NT 98.5 106.7 87.2 105.0 108.1 99.7
Table 5

Recovery of explosives in spiked soil samples (values are in % recovery).

13-DNB 254

135-TNB 254

26-DNT 254

1 2

3 4

5

9 min

8

Figure 3

Overlay of a soil sample and spiked soil samples (50 and 500 pg/kg).
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Conclusion

The developed method allows detection
of the U.S. EPA 8330 explosives at sub-
ng/mL levels in standard solutions.
When applying the method to soil sam-
ples this corresponds to a detection
limit of approximatly 5 ppb (ng/kg).
Reaching these low levels is possible
because the sensitivity of the new
Agilent 1290 Infinity DAD in combina-
tion with a Max-Light Cartridge High
Sensitivity Flow Cell. The results for
repeatability and linearity in standard
solutions and recovery in spiked soil
samples demonstrate the applicability
of this approach for routine analysis.
Additionally the Agilent Poroshell 120
EC-C18 column proved its significance
for supplying the necessary selectivity
to separate these structurally similar
compounds in a relatively short analysis
time.
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Introduction

The presence of phenols in the environment is caused by
their generation from many industrial processes. These
processes include the manufacture of phenolic resins, antiox-
idants, pesticides and the combustion of wood, coal and
petroleum. Some phenols are germicidal and are used in for-
mulating disinfectants, and other phenols are formed during
natural processes. When phenolic compounds are discharged
into the environment they can present a serious hazard by
contaminating water because they cause devastation to the
majority of the aquatic organisms and induce bhioaccumula-
tion in the food chain at trace levels. Others possess estro-
genic or endocrine disrupting activity. Frequently, these com-
pounds find their way into the environment as water pollu-
tion. The analytical determination of phenol and substituted
phenols is necessary because of their toxicity, persistency,
and widespread use in industry. Many phenols are on the
priority pollutant list.[1]

Agilent Poroshell 120 EC-C18, 2.7 ym columns perform simi-
larly to sub-2-um totally porous materials, but since they use
2-um column frits like those found on 5-pm columns, they
require no additional sample preparation. This allows a more
seamless method transfer to new Poroshell 120, from estab-
lished methods using 5-pym columns.[2,3,4]

In this work, a gradient method is transferred and optimized
from a 4.6 x 100 mm, 5-um column to an Agilent Poroshell
120 EC-C18, 4.6 x 100 mm column. Gradient time was
decreased from 20 minutes to 3 minutes, and a higher peak
capacity resulted. Time can be further reduced using a 4.6 x
50 mm column, while maintaining the peak capacity of the
original method.

Experimental

An Agilent 1200 Rapid Resolution liquid chromatography
(RRLC) system was used for this work:

* (G1312B Agilent Binary Pump SL with mobile phase A: 0.1
% Formic Acid in water and B: Acetonitrile. The gradient
started at 5% B, held at that concentration; then ramped to
40 % B, held at that concentration, and then re-equilibrated

146

to the initial condition. Gradient times vary depending on
column dimensions and flow rate (Tables 1 and 2). The
system is configured with the pulse damper and standard
mixer installed.

+ (G1367C Agilent Automatic Liquid Sampler (ALS) SL.
Injection volume was 20 pL and 10 pL for the 4.6 x 100 mm
and 4.6 x 50 mm columns respectively.

* (G1316B Agilent Thermostatted Column Compartment
(TCC) SL with temperature set to 35 °C.

+ G1315C Agilent Diode Array Detector (DAD) SL with the
signal set to 270, 4 nm and reference set to 360, 100 nm,
using a G1315-60024 micro flow cell (3-mm path, 2-pL
volume).

+ Agilent ChemStation version B.04.01 was used to control
the HPLC and process the data.

Five Agilent columns were used in this work:

 Agilent Poroshell 120 EC-C18,4.6 x 100 mm, 2.7 pm —
Agilent p/n: 695975-902

* Agilent Poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 pm
— Agilent p/n: 699975-902

+ Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 1.8 pm
— Agilent p/n: 959964-302

+ Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 3.5 ym
— Agilent p/n: 959961-902

* Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 5 pm
— Agilent p/n: 959996-902

The compounds of interest are shown in Figure 1, with their
respective structures. Compounds were dissolved in water at
1 mg/mL. Equal aliquots were combined to produce a mixed
sample. Thiourea was used as a void marker in all samples to
determine t;.

The following compounds were purchased from Sigma
Aldrich: hydroquinone, resorcinol, phenol, 4-nitrophenol,
p-cresol, o-cresol, 2,3 dimethylphenol, 2,5 dimethylphenol,
1-napthol. Formic acid was purchased from Sigma Aldrich
(Bellefonte, PA). Acetonitrile was purchased from Honeywell,
Burdick and Jackson High Purity, (Muskegon, MI). Water
used was 18 M-Q Milli-Q water (Bedford, MA).
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OH OH
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OH
4-Hydroxyphenol
(Hydroquinone)
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Figure 1. Compounds of interest.

Results and Discussion

The original work shows an excellent separation of phenols
commonly identified in drinking and surface water. The objec-
tive in this work was to chromatographically improve the
method; either by increasing the peak capacity of the analysis
or substantially shortening the chromatography. A change in
the acidic modifier from acetic acid to formic acid is made.
The use of formic acid instead of acetic acid lowers the pH of
the mobile phase slightly and can allow cleaner baselines. As
discussed in reference 5, once a separation has been opti-
mized (selectivity and retention index), it is possible to further
improve the chromatography by varying column length, parti-
cle size and flow rate. However the k* value must be main-
tained, while varying these column conditions so as not to
lose selectivity while gaining peak capacity.

Equation 1:

Where:
t_is the gradient time,
Fis the flow rate
L is the column length
d is the column diameter
A%B is the change in organic content across the
gradient segment

k* = (tgF)/(d/Z)ZL(A%B)

As shown in a previous note, the initial gradient is scaled
keeping column volumes constant, and preserving method
selectivity. In this case, the flow rate is varied between

0.5 mL/min and 3.5 mL/min at 0.5 mL/min intervals. Using
Equation 1 as a guideline, the conditions listed in Table 1 are
developed. These conditions were calculated manually but
could just as easily have been calculated using the Agilent
1200 Series Rapid Resolution LC Method Translator and Cost
Savings Calculator [6]. These conditions are the basis of the
chromatographic programs used for the 100 mm columns in
this study. As can be seen, all steps in the program are pro-
portionately shortened as the flow rate is increased. In the
resulting chromatographs in Figures 2a and 2b, elution order
remains similar for the scaled chromatograms of both the

5 pm Agilent ZORBAX Eclipse Plus C18 and the 2.7 pm
Agilent Poroshell 120 EC-C18 columns. In addition to these
columns, the same experiments are performed on 3.5 pm
Agilent ZORBAX Eclipse Plus C18 and 1.8 um Agilent
Z0ORBAX Eclipse Plus C18 columns with the resulting chro-
matograms depicted in Figures 3a and 3b respectively. The
pressure generated using the 4.6 x 100 mm, 1.8-pm column
approaches 550 bar at 2 mL/min. Therefore, no further experi-
ments are considered. In all cases, the separation elution
order is maintained. The peak capacity of each chromatogram
is calculated using Equation 2. Peak capacity in the simplest
terms, is the number of peaks of a given width that can fit
between the first and last peaks.

Table 1. Gradient Program Used with 4.6 x 100 mm Columns

%B Time (min)

5 4 2 1.33 1 0.8 067 034
40 34 17 11.33 8.5 6.8 567 284
40 40 20 13.33 10 8 6.67 3.34
5 42 21 14 105 8.4 7 35
5 50 25 16.67 125 10 834 417
Flow rate

(mL/min) 05 1 15 2 25 3 35



Similar selectivity allows convenient method transfer between Agilent ZORBAX Eclipse Plus C18 and Agilent
Poroshell 120 EC-C18 column

0.5 mL/min

28 bar,n, = 88
d A A A~ l\./\_A_A M A

10 15 20 25 30 35 40 45 min

A

I

5

A 1.0 mL/min
L \ L 54 bar, n, = 100*

2-Methylphenol
2,3-Dimethylphenol
2,4-Dimethylphenol

0 1-Napthol 2.5 mL/min
I I I I.II i 136 bar, n, =93

Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 5 pm
p/n 959996-902

108 bar, n, = 95

1 Thiourea

2 4-Hydroxyphenol .
L_uw 3 3-Hydroxyphenol 1.5 mL/min

i e e B S B 4 Phenol 81 bar, n; =101

5  4-Nitrophenol
L_/\_A_L;M‘J\J\Ji g 4-MethYIphen0| 2.0 mL/min

8

9

1

3.0 mL/min
165 bar n, =89

3.5 mL/min
Original method™ 194 bar, n, = 86

Figure 2a. Scaled chromatography using Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 5 ym column.

Similar selectivity allows convenient method transfer between Agilent ZORBAX Eclipse Plus C18 and Agilent
Poroshell 120 EC-C18 column
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Figure 2b. Scaled chromatography using Agilent Poroshell 120 EC-C18, 4.6 x 100 mm, 2.7 ym column.
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Similar selectivity continues along the Agilent ZORBAX Eclipse Plus C18 family and Agilent

Poroshell 120 EC-C18 column

1 2 3 4 56 7 8,9
0.5 mL/min
f\ i 46 bar, n_ = 105
Al n A .~ M
L S O B O B B B L L L L L L L T T T T
5 10 15 20 25 30 35 40 45 min
- h A Mo M 1.0 mL/min
I

T T T T T T

Figure 3a. Scaled chromatography using, Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 3.5 ym column.
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3 3-Hydroxyphenol

4 Phenol

5  4-Nitrophenol

6  4-Methylphenol

7 2-Methylphenol

8  2,3-Dimethylphenol
9 2,4-Dimethylphenol
10 1-Napthol

Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 3.5 ym
p/n 959961-902

90 bar, n, = 109

1.5 mL/min
133 bar, n, = 112

2.0 mL/min
177 bar, n, = 109

2.5 mL/min
220 bar, n, =108

3.0 mL/min
264 bar, n, =103

3.5 mL/min
309 bar, n, = 100

Similar selectivity continues along the Agilent ZORBAX Eclipse Plus C18 family and Agilent

Poroshell 120 EC-C18 column

4 5.6 7 8.9

0.5 mL/min
125 bar, n, =115

Thiourea
4-Hydroxyphenol

Figure 3b. Scaled chromatography using, Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 1.8 ym column.

3-Hydroxyphenol
Phenol
4-Nitrophenol
4-Methylphenol
2-Methylphenol
2,3-Dimethylphenol
2,4-Dimethylphenol
0 1-Napthol

= OO NDO A WN =

Agilent ZORBAX Eclipse Plus C18, 4.6 x 100 mm, 1.8 pm
p/n 959964-302
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Equation 2: C18 column, with the gradient conditions summarized in
Table 2, and the results depicted in Figure 5. A comparison

Conditional Peak Capacity n = (tg , —tg ;)/W between the peak capacities of 50 mm and 100 mm Agilent

Where: . . .
dt..-R A fthe | dfi luti Peak Capacity of Agilent Poroshell 120 Column is similar
tg , and tg ;2 Retention times of the last and first eluting to 1.8 pm column of same size and higher than 3.5 or 5 pm
peaks columns_of similar size, Peak ca{)_aclt of totally porous
particles is inversely proportional to their size.

w is the 4o peak width
w = (W,, /2.35) x 4 160.000
W,, = peak width at half height

Peak Capacity vs Flow Rate

140.000

Peak capacity for each of the chromatograms shown in
Figures 2 a and b and 3 a and b are plotted in Figure 4. The 120.000

highest peak capacity is found for the 1.8 pym Agilent ZORBAX z

Eclipse Plus C18 column at 2 mL/min. It is likely that the peak g 100.000

capacity would have been higher at faster flow rates. The 100 2 /\‘\-\_

mm Agilent Poroshell 120 EC-C18 column generates the next 2 80.000

highest peak capacity between 2 and 3 mL/min. Figure 5 indi- g

cates that a faster separation is possible with only a slight S 60.000- ,

loss of peak capacity. The 3.5 pm column has an optimal peak S - Agflem Poroshell 129 FC-C18.4.6>100mm. 2.7 pm

capacity at approximately 1.5 mL/min, while the 5 ym column 40.000 =&~ Agilent ZORBAX Eclipse Plus G18, 1.6 x 100 mm. § pm

has an optimal peak capacity, between 1 and 1.5 mL/min. In Agilent ZORBAX Eclipse Plus, 4.6 x 100 mm. 3.5 um

general, with totally porous columns of the same dimension, 20.000-| =+ Agilent ZORBAX Eclipse Plus C18,4.6 x 100 mm, 1.8 ym

larger particle columns yield lower peak capacities at lower

optimal flow rates. The chromatographic scaling experiment 0.000 ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
0 0.5 1 15 2 25 3 35 4

is also carried out using a 50 mm Agilent Poroshell 120 EC- ,
Flow rate (mL/min)

Figure 4. Peak capacity of Agilent Poroshell 120 EC-C18 compared to total-
ly porous Agilent ZORBAX Eclipse Plus C18 columns of different
particle sizes at varied flow rates.

Agilent Poroshell 120 EC-C18, 4.6 x 50 mm column can provide peak capacity of original method at 182 bar in
3 minutes instead of 20 minutes

1 2 3 4 5,6 7 8.9 10
0.5 mL/min
A L 48 bar,n, =75
T T T [ T 1 1 T [ T T [ T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T.1
2.5 5 15 10 12.5 15 17.5 20 22.5 min

J.M;A—)\_L_NLA_W\_,%d 1.0 mL/min

T T T T I T T T T I T T T T I T T T T I T T T T ] 93bal’n=91
e

Thiourea 1.5 mL/min

4-Hydroxyphenol 139 bar, n, = 97
3-Hydroxyphenol

1
2
3
4 Phenol
| WA 5  4-Nitrophenol 2.0 mL/min
6
7
8
9
1

4-Methylphenol 186 bar,n. =99
2-Methylphenol

2,3-Dimethylphenol

2,4-Dimethylphenol 2.5 mL/min

0 1-Napthol 233 bar, n_ = 99

p/n 695975-902

3.5 mL/min
330 bar, n, =97

T T T [ T T T T ]
3.0 mL/min
e Agilent Poroshell 120 EC-C18, 4.6 x 100 mm, 2.7 ypm 281 bar, n, = 99
[ N E B R B N I
Figure 5. Scaled Chromatography using Agilent Poroshell 120 EC-C18, 4.6 x 50 mm, 2.7 ym column.
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Table 2. Gradient Program Used With 4.6 x 50 mm Columns co n clusio n

%B Time (min)

5 4 ) 133 1 08 067 032 HPLC columns packed with superficially porous particles offer

10 1 17 133 85 68 567 284 many advantage§ over columns pa.cked with conventlona'l,
fully porous particles. The superficially porous 2.7-uym Agilent

40 40 20 1333 10 8 667 334 Poroshell 120 EC-C18 offers similar efficiency and selectivity

5 2 2 14 105 84 7 35 to the 1.8-um Agilent ZORBAX Eclipse Plus C18 column, with-

5 50 25 16.67 125 10 834 417 out the high back pressure.

::3:::) 05 1 15 2 25 3 35 While columns packed with larger 5-uym particles can yield

excellent separations, many separations can be improved by
implementing a column change and appropriate gradient scal-
Poroshell 120 EC-C18 columns is shown in Figure 6. The opti- ing. Due to the similar selectivity between Agilent Poroshell

mal peak capacity of the 50 mm Agilent Poroshell 120 EC-C18 120 EC-C18 and Agilent ZORBAX Eclipse Plus C18 columns,
column is found to be between 2 and 3 mL/min, at 3 min. The methods can easily be transferred from older Agilent ZORBAX

last peak is eluted at 2 min with a peak capacity equivalentto ~ Eclipse Plus C18 columns to new Agilent Poroshell 120 EC-
the peak capacity of the original 20-min 4.6 x 100 mm, 5 pm C18 to decrease run time, improve throughput and increase
method. peak capacity.
Peak Capacity of Agilent Poroshell 120 Column of References
100 mm column is higher than the peak capacity of
50 mm column, with gradients scaled. 1. V. Coman, and Z. Moldovan, “RP-HPLC Method for the

Separation of Some Phenol Derivatives Using Gradient
Elution and UV Detection.” J. High Resol. Chromatogr.
2000, 23, (12) 699-701.

140.000 -
2. W. Long, and A. Mack, “Fast Analysis of Sulfa Drugs
120.000 using the Agilent 1100 Series LC with Agilent Poroshell

120 EC-C18 columns,” Agilent Technologies publication

100.000 5990-5572EN, 2010.
80.000 / 3. A Gratzfeld-Hisgen, and E. Naegele, “Maximizing effi-

ciency using Agilent Poroshell 120 columns,” Agilent

160.000 — Peak Capacity vs Flow Rate

ity

Conditional peak capac

60.000 - Technologies publication 5990-5602EN,2010.
40,000 —— Agilent Poroshell 120 EC-C18, 4.6 x 100 mm 4. A. Mack, and W. Long, “.F.ast, Loyv Pressure Aqalysis of
: === Agilent Poroshell 120 EC-C18, 4.6 x 50 mm Food and Beverage Additives Using a Superficially
20.000 Porous Agilent Poroshell 120 EC-C18 Column, “Agilent
' Technologies publication 5990-6082EN,2010
0.000 \ \ \ \ \ \ \ \ 5. Snyder, Kirkland, Glach “Practical HPLC Method
0 0.5 ! F|163v rate(,an/minz)'s 3o Development,” Chapter 8, 2nd ed. John Wiley & Sons,
1997
Figure 6. Peak Capacity of 50 and 100 mm Poroshell 120 EC-C18 at varied 6. The Agilent 1200 Series Rapid Resolution LC Method
flow rates. ’

Translator and Cost Savings Calculator
http://www.chem.agilent.com/en-us/products/instru-
ments/Ic/pages/gp60931.aspx

For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem.
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Technical Overview

Introduction

BIEMUREHBXNHEL AR XBEEASHNULEY. Eit, EPA TR
RIS ERT TS, BTXEN SR TIRERETRS, BHAEREi
LE(E SampliQ DVB EIHEZEER (SPE) EHBMANKRRENSWAIRRET T,
IR, iEiTh T ZHEE PoroShell 120 EC-C18 &l HEX XL SYMBIEIBHR,

A dilute aqueous solution of EPA Method 8330 Calibration Mix A and B standards
(14 explosive and nitro compounds) was applied to Agilent’s SampliQ DVB SPE
tubes for isolation and sample cleanup. Samples were eluted with acetonitrile
(ACN). The eluent was diluted to 30% acetonitrile/water and analyzed on Agilent’s
Poroshell 120 EC-C18 column.

An Agilent SampliQ DVB SPE tube (3 mL tube, 60 mg, p/n 5982-3136) was used for
isolation and concentration of the sample (1 pg/mL) from the 2% acetonitrile/water
solution. Twelve milliliters of the sample were applied to the SampliQ DVB SPE tube
as illustrated in Figure 2. The combined acetonitrile effluent was diluted to 30% ace-
tonitrile/water, and analyzed at 210 nm and 254 nm using external standards on
Agilent’s Poroshell 120 EC-C18 column (3.0 mm x 100 mm, 2.7 pm, p/n 695975-302).

Recoveries for the 14 compounds ranged from 90% to 105%. The RSDs were equal
to or less than 1.2% for three replicates. The results presented here show that
Agilent’s SampliQ DVB SPE tubes, coupled with Agilent’s Poroshell 120 EC-C18 col-
umn is an excellent combination for the isolation and analysis of these compounds.
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Study Purpose and Methodology

The purpose of the study was to evaluate the effectiveness of Agilent’s SampliQ
DVB SPE tubes for the isolation and purification of nitro-containing compounds and
explosives (Figure 1). Given the similarity of many of the structures, this sample
provides an excellent opportunity to evaluate the separation on Agilent’s Poroshell
120 EC-C18 line of columns.

An aliquot of 14 standards in acetonitrile (50 ug/mL each) was diluted to provide a
2% acetonitrile/water solution of standards (1 pg/mL each std). This solution was
used as the sample for application to the SampliQ DVB SPE tube.

_0\N¢0
|
0 0 NO,
0 KN\ - M, I,
\ / N N
NN N—N* 07 W o
/ A\Y
-\ 0
N N 05N NO,
At L,
7 N
0~ o -0 o
HMX RDX 1,3,5-tnb
1,3,5,7-tetranitro-1,3,5,7-tetrazocane 1,3,5-trinitro-1,3,5-triazinane 1,3,5-trinitrobenzene

Oi\N+;0 0y, +-07

0,N NO,

Va
_=
o
S
7
=2
\

0~ NO,
1,3-dnb nb Tetryl
1,3-dinitrobenzene nitrobenzene N-methyl-N-(2,4,6-trinitrophenyl)
nitramide
U§N+,07 O§NV07
0,N NO, H30: i H3C: i
-0 O
HoN T+/ \\T NH,

NO 0~ 0~
2,4,6-tnt 2A-4,6-dnt 4A-2,6-dnt
2,4,6-trinitrotoluene 2-amino-4,6-dinitrotoluene 4-amino-2,6-dinitrotoluene

CH,

S 0~
NO, CH, \N+/
02N\©/N02 H30\©

NO,
2,6-dnt 2,6-dnt 2-nt
2,6-dinitrotoluene 2,6-dinitrotoluene 2-nitrotoluene

O§N+/07 O§N+/07
; HsC {
CHy 3-nt

4-nt

4-pitrotoluene 3-nitrotoluene

Figure 1. Structures.
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60 mg/3 mL SampliQ DVB SPE

Condition 1 mL ACN

\

Condition 1 mL Water

Y

Load 12 mL Sample

T
Flow through cartridge should be 1-2 mL/min

Y

Wash 0.6 mL Water

.

Dry Cartridge 1.5 min air flow

Elute 0.72 mL ACN
Elute 0.30 mL ACN

Y

Dilute to 30% ACN/water

Figure 2.

Results and Discussion

Sample cleanup scheme using Agilent SampliQ DVB SPE

The average recoveries of triplicate samples ranged from 90% to 105% (Table 1). The
highest RSDs for the three replicate recoveries was 1.2%.

Table 1. Recovery Data from Agilent’s Polymer SampliQ DVB SPE Tubes
Compound Sample Replicate

Number ID % Recovery %RSD (n=3) Full name

1 HMX 104 0.8 1,3,5,7-tetranitro-1,3,5,7-tetrazocane
2 RDX 103 0.6 1,3,5-trinitro-1,3,5-triazinane

3 1,3,56-tnb 105 0.6 1,3,5-trinitrobenzene

4 1,3-dnb 103 0.7 1,3-dinitrobenzene

5 nb 101 1.2 Nitrobenzene

6 Tetryl 90 1.2 N-methyl-N-(2,4,6-trinitrophenyl) nitramide
7 2.4,6-tnt 103 0.6 2,4,6-trinitrotoluene

8 2A-4,6-dnt 103 0.6 2-amino-4,6-dinitrotoluene

9 4A-2,6-dnt 101 0.6 4-amino-2,6-dinitrotoluene
10 24-dnt 102 0.6 2 4-dinitrotoluene
" 2,6-dnt 102 0.7 2,6-dinitrotoluene
12 2-nt 98 1.2 2-nitrotoluene
13 4-nt 98 1.0 4-nitrotoluene
14 3-nt 97 12 3-nitrotoluene

These compounds are a mixture of the EPA Method 8330 Calibration Mix A and B.
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Excellent separation of the compounds was achieved with the Agilent Poroshell 120
column as illustrated in Figure 3.

4
mAU E
150 1 3
125%
100 2
75%
50-]
zsé
0“#_‘
27
L B L ) ) D
0 2 4 6 8 10 min
Legend: 1. HMX 6. Tetryl 11. 2,6-dnt
2.RDX 7. 2,4,6-tnt 12. 2-nt
3.1,3,5-tnb 8. 2A-4,6-dnt 13. 4-nt
4.1,3-dnb 9. 4A-,6-dnt 14. 3-nt
5.nb 10. 2,4-dnt
Figure 3. Representative standard chromatogram, 5 ug/mL, 254 nm.
HPLC Analysis
Column: Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 pm
(Agilent p/n 695975-302)
Mobile phase: 25% MeOH/water (isocratic)
Flow rate: 1.0 mL/min
Detection DAD: 254,210 nm
Column temperature: 44°C
Injection volume: 30 pL
Flow cell: 10 mm, 13 pL
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Conclusion

The use of Agilent’s SampliQ DVB SPE tubes provided high recoveries with excel-
lent reproducibility. This, coupled with the separation achieved with Agilent’s
Poroshell 120 column, provides a complete package for the analysis of nitro com-
pounds and explosives. One would expect this procedure to be applicable to
additional nitro compounds and explosives.

Agilent SPE part numbers

Description Part number
SampliQ DVB SPE tube, 3 mL tube, 60 mg 5982-3136
Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 pm 695975-302

For More Information

For more information on our products and services, visit our Web site at
www.agilent.com/chem.

Author/Contact

Joan Stevens is a sample preparation application chemist based at Agilent
Technologies, Inc., Wilmington DE, USA.
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T IEm IR RLE
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X
HPLC, Poroshell 120, 408 sapEHi{h

e

KERBTHER RGN —REMETEENRENEA RS RtE—BENERRNTE.
—RATHREELINEEFTENIRK, NEEARREREANEATERL, XEHR,
B Z5 s rh ¥R A RABHPLCS: , AR (81434 60~86min A%, AASIMER S TRIAKE NS
MEEBAOR20 8, BRINTEREANENRAE EWFRAITE, SiEK, BF
MEFFERER, RERBEENARERESTEONENE, EETHENLFEER
ARER. BSYEREEXREENREEEMUNER, SRERESTHNTIREN, £F
REARMBESLI, RERASRIHEL OPooshe 1NRFRAZAEERESE, MTHRE
RRE SHBNER, NMEESAARARARENLHTREDTHTREN. XK
FiPoroshell 1208 143, FRAFEAREEEMN, NERAEREFERERMITEMMULE, 27
HEMAAFERIERT /2N E, —RAMRBLB0H. EEENELEREE)BEALT
BMRNTTE, DBXRERRENT, NHSE,

VMRS TE

11L& 5

12003 X0k 8 € (X (Agient/A 5]) ;

Z B5(HPLCER SIGMAZA )

Bk (Mili-0ZR)

B R REIAREY H25mg/ml (A E) B ).

12 B 5EH

A Poroshell 120 SB-CI8KE(4.6 mmi.d. x 100 mm, 27 wm), £:260°C, F1.0mL/min, 7
A 0I%=FZBKAER: RaEB. B0NZIKER (BH80%ZBEKERMASM=FZ
BR) . RIMENER. RK2m, #ERERO L, REBEBEMTRAT.
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HE D, o mL/min A A% R B%
1 0.0 1.000 100.0 0.0
2 1.0 1.000 100.0 0.0
3 31.0 1.000 50 50
4 32.0 1.000 100 0.0
5 40.0 1.000 100 0.0
1.3 i B
BALEREG (25mgni) .
14 % %
1L RRLS)

SEEnABA. BUImI TRA A A1000ml #8847k H . 0.22 u mKAR BT &,

TRENHEB. ER800mI Z fE-5200ml B4 KR & B ANA0.80mITFA, 0.22 p mBHIABEEE 8.

14.2 B 40 B e e ()

1421 ERBHE (20~200u1) BR200 1B EREGRTF15mIEPE d, AMA192 | #B4E7K . 50 ul 10%NHAHC03, 35u1DTT (100mg/ml) FoKA4EH50C
KB 1574,

1422 3|0 B FEEEPEARHNZERR, MALOulIAA, REFEXERR16mn, MARERETPCK2 ul, BIFITCABUNG, HMEEHul, B
S E3TCKA16/NES,

1423 BEEVIEMEARRTI00CKA1A 4, A O R13000gE::0min, B EFATFRM,

143 E

ZR2 FrAl e & e,

2 R 5 R

21 BIEEHMIEE

BPoroshell 1204F (4.6 mmi.d. x 150 mm, 27 um) fEAMTHE, ZHEIK/ZRZBARDERTHPLE ML, SRET, RSHE (60C)
BHTESTRNDBEMNRHPER, RAEBE AR HTA (085mi/l) BB THERSGHKT, N B RUTRERE R bOAT A8
AMHENERN. BUEE 71208 ELE, —ROWHERINE20lmN, X, SMERNERNATEE2A SRR E26min, AMURS T THEX
K, MATETHIEH.

VWD1 A, Wavelength=214 nm (POROSHELL | ' \DEF_LC 2010-07-28 13-53-20120100728000001.D)
mAU ]
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24 ER R RIEHNER

VWD1 A, =214 nm (E:\HPLC\DATA\KH903 " [ \DEF_LC 2009-02-26 17-14-53\20090226000008.D)
—tt
200
|
1757
150 \ P‘
| |
125
| | | M\
100 \‘ [ ‘L ﬂ
75 ‘ ‘ ‘ | |
| \ ‘ | \ \ | ‘\” | |
| . i A
/‘ IV TALY U (I
o
0 ‘ ‘ ‘ 1‘0 ‘ ‘ ‘ ‘ 20 ‘ ‘ ‘ ‘ 3‘0 4‘0 5‘0 miry
E? ERETRAEIECIER (REHImg/mL)
25 Poroshel 120N ER S5 T it SR BIEE LR
[ VWO A, E%=214 nm (E\HPLC\DATAEEWXL20100811 2010-08-13 17-26-091075-0901.0)
51t
400
350
300
250 4
200 4
180 4
1004 (..
50 I‘ p H] I
D-=‘J
0 1ID F_ID EID 4ID il
{REBR Ia] , EER 3] I 35 s - i,
(min] K IMAU'S) VAU SFREF (min] EiRE NBE bt
11.064 1389.23596 44946976 0.70 0.0465 314220
11.446 563.41101 170.62788 0.51 0.0421 409852 5.07 1.03
{RERRTA) , iR i 5 I 35 . = g
(min] K IMAU'S] MAU] SFREF [min] EIRER NEE bt
20431 4977.20703 382.30249 1.05 0.2135 50711
20816 498.06061 67.61501 1.10 0.1201 166366 1.35 1.02
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.
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Peptide Mapping of a Monoclonal Antibody Using

Poroshell 120

Susanne C. Moyer, Agilent Technologies, Inc.

Protein—based pharmaceutical drugs, such as fusion proteins
and monoclonal antibodies (mAb), are playing an increasing
role in modern therapeutics. Analytical characterization of pro-
tein therapeutics is very complex and time consuming. One type
of analysis that is undertaken to determine the primary structure
of the protein is peptide mapping. In peptide mapping analy-
sis, it is imperative that 100% sequence coverage be achieved
and that modifications to the molecule are identified. Typical
LC-MS peptide mapping protocols can have LC gradients in
excess of 100 min. Obviously, such lengthy run times adversely
affect throughput capabilities and methods for reducing these
run times while achieving analytical goals are needed. The Agi-
lent Poroshell 120-SB C18 column was used for the LC-MS
analysis of a tryptic digest of a monoclonal antibody standard to
demonstrate a greatly reduced analysis time of 20 min while
achieving 100% sequence coverage of both the heavy and the
light chains.

Experimental Conditions

A 3.0 X 150 mm Agilent Poroshell 120 SB-C18 column (PN
683975-302) was used with an Agilent 1200 LC and 6520
QTOF for peptide mapping experiments. Mobile phase A: 0.1%
formic acid in water and mobile phase B: 0.1% formic acid
in acetonitrile. The flow rate of the column was 0.3 mL/min
and the column temperature was maintained at 40 °C. The LC
gradient was: 0—3 min 2%B, 3—13 min 2%—45%B, 13—15 min
45%—-65%B, 15-15.1 min 65%-90%B, 15.1-17 min 90%B,
17-18 min 90%-2%B, stop time 20 min.

Results and Discussion

Complex tryptic digests of mAbs employ shallow gradients,
often stepped, to separate the many peptide fragments into
discreet peaks. Often tryptic maps take 2 h to complete using 2.1 X
250 mm, 5 pm particle-sized columns, significantly affecting
laboratory productivity. Sample degradation also may occur

Figure 1: Rapid analysis of an mAb peptide map using a Poroshell 120, 3.0 X 150 mm (PN683975-302).
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Figure 2: 100% sequence coverage achieved of mAb with many unique compounds identified using MassHunter.

between long injection cycles so any reduction in analysis time
is welcome.

One way to achieve shorter analysis times is to use
Poroshell 120 columns. These columns contain 2.7 wm superfi-
cially porous particles that provide almost equivalent efliciency
to UHPLC (sub-two micron totally porous) columns. Thus,
more efficient Poroshell 120 particles packed in a shorter column
length can provide similar chromatographic results to their longer
5 wm predecessors in a fraction of the time.

A tryptic digestion of a standard 10 pmol mAb was inject-
ed five times onto a Poroshell 120 column. Total analysis time
including gradient re-equilibration was only 20 min. Figure 1
shows the five overlays of the total ion chromatograms (TIC).
Good retention time, reproducibility, and peak-to-peak resolu-
tion indicate a stable instrument, column, and mobile phase gra-
dient and re-equilibration, and is the first indicator of a robust
method for validation. Also, Poroshell 120 columns have larger
frit pores compared to smaller sub-two micron column frits, to
resist plugging from “dirty” or complex samples such as protein
hydrolysates.

The faster analysis gained from Poroshell 120 did not com-
promise the chromatographic map of the mAb. Figure 2 shows
the results from Agilent MassHunter Molecular Feature Extractor
(MFE). MFE is an algorithm that uses the LC retention time and
the QTOF accurate mass to extract unique compounds from the
data set. These MFE compound results are then matched back
to the heavy chain and light chain protein sequences from the
mAb standard. This 20 min Poroshell-120 method resulted in
100% sequence coverage for both the heavy and light chains of
the mAb.

162

Conclusion

The Poroshell 120 SB-C18 column can greatly reduce the analysis
time of an LC-MS peptide mapping experiment, while achiev-
ing high-performance and highly reproducible peptide separa-
tions. The combination of highly efficient 2.7 wm superficially
porous particles and relatively large pored frits make Poroshell
120 ideal for analysis if complex samples such as mAb digests.

References
(1) LW. Dick Jr. et al., J. Chromatogr. B, 877 230-236, (2009).
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Abstract

Columns based on superficially porous technologies are an alternative to
sub-2-pm particle based columns. The combination of these columns with the
Agilent 1290 Infinity LC system produces high efficiency separations. Agilent
Poroshell 120 columns offer:

* Lower back pressure
* Highest efficiency

+ Comparable volume capacity

Introduction

Recently, sub-2-pum particle columns have gained a lot of interest, due to their high
efficiency. They can be used at higher flow rates than those evaluated by the van
Deemter equation. The loss in efficiency at higher flow rates is minor in comparison
to the efficiency at the optimum flow rate. Run times and cycle times can be short-
ened and results obtained faster.

The drawback of these columns is that significantly higher back pressures are
obtained, due to the small particle sizes. In many cases, especially for long
sub-2-pm columns, the LC instrumentation must allow back pressures of
>400 bar.

The superficially porous particle technology offers an alternative for very high reso-
lution analyses’, because these columns show significantly less back pressure. The
efficiency of these columns, compared to that of sub-2-pm particle columns is
slightly lower. It is possible to obtain very high plate counts by coupling columns,
due to less back pressure.
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This Application Note demonstrates
that the coupling of three long Agilent
Poroshell 120 columns results in
extremely high efficiencies. It is also
demonstrated that the back pressure
can be kept below 400 bar, unless spe-
cial LC equipment is available. In that
case higher flow rates are possible to
save analysis and equilibration time.
Finally, a comparison was made
between one 2.7 pym porous shell col-
umn and one sub-2-pm particle size col-
umn.

Experimental

Equipment

An Agilent 1290 Infinity LC system
equipped with a binary pump, autosam-
pler, thermostatted column compart-
ment and diode-array detector with a
10-mm path length cell was used for
the experiments.

An Agilent ZORBAX Rapid Resolution
HT 4.6 mm x 150 mm, 1.8 pm column
and an Agilent Poroshell 120, 4.6 mm x
150 mm,

2.7 pm column were used. These
columns can be used up to 600 bar.

The ChemStation software revision
B.04.02 was used.

Results and discussion

Potential benefits of superficial-
ly porous columns

Superficially porous column technology
is based on particles with a solid core
and a superficially porous shell. These
particles consist of a 1.7-pym solid core
with a 0.5-pm porous silica shell. In
total, the particle size is about 2.7 pm.
The 2.7 um superficially porous parti-
cles provide 40-50% lower back pres-
sure and 80-90% of the efficiency of a
sub-2-pm totally porous particle. The
superficially porous particles have a
narrower particle size distribution than
a totally porous particle. This results in
a more homogeneous column and

reduces diffusion in the column. At the
same time the small particle and the
porous shell allow for lower resistance
to mass transfer. The result is higher
flow rates without efficiency loss.!2

Configuring the system

The following experiments evaluated
the performance of the Agilent
Poroshell 120 columns. The internal
diameter was 4.6 mm and the column
length 150 mm for all columns used.

+ Evaluation of the plate number of a
single column at 1.5 mL/min

* Evaluation of the plate number for
three coupled columns at 1.5 mL/min

* Evaluation of the plate number for
three coupled columns at higher flow
rates

* Precision of retention times using
isocratic and gradient conditions

+ Comparison of a porous shell versus
a sub-2-pm particle column

Column efficiency (plate number) is typ-
ically measured using isocratic condi-
tions. For a symmetrical peak use the
following equation to calculate the
plate number (N):

N = 5.54 (RT/W)?

where RT is the retention time and W
the peak width at half height.

Chromatographic conditions:

mAU 4
30 E Compound Plates/column E
] Acetophenone 35472 0.46 n
] Benzene 33998 0.78 =
25 Toluene 34978 . b
] ™ N
i ]
20 s
15 S
10
5 L
L \
e B o o T A B B e B A e e
0 0.25 0.5 0.75 1 1.25 15 1.75 2 2.25 min

Agilent Poroshell 120 SB-C18 150 mm x 4.6 mm, 2.7 ym

Thiourea, Acetophenone, Benzene, Toluene

Column:

Sample:

Mobile phase: Water: ACN = 30:70
Flow rate: 1.5 mL/min
Injection volume: TuL

Column temperature: 50 °C

Detector:

DAD 254 nm/10, Ref 360/100 nm, 20 Hz, standard cell

Figure 1

Chromatogram to evaluate N for the Agilent Poroshell 120 150 mm x 4.6 mm column.
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Evaluation of plate numbers for
single column

The following compounds were used to
evaluate the plate number for a single
column: uracil, acetophenone, benzene
and toluene.

The resulting chromatogram and evalu-
ated plate numbers are shown in
Figure 1.

The result was approximately 35000
plates/column for toluene under the
chromatographic conditions specified.

Evaluation of plate numbers for
three coupled columns

The plate number for one column is
approximately 35000 plates. The expec-
tation is that three columns deliver a
plate number of 105000 plates. Column
coupling was done using stainless steel
capillaries, 90 mm x 0.12 mm. Plate
numbers were evaluated for different
flow rates.

The resulting chromatograms are
shown in Figure 2. If a 400-bar LC sys-
tem is used, about 80000 plates can be
obtained at 1 mL/min flow rate.
However, higher flow rates and efficien-
cies can be obtained with this LC sys-
tem, which allows pressures up to 1200
bars.

At 1.5 mL/min flow rate the obtained
plate number of approximately 103000
plates is close to the expected value.

The best result for toluene with
approximately 115000 plates was
obtained at 1.8 mL/min with a retention
time <5 min (Table 1).

Sample:

Column:

Mobile phase:

Flow rate:

Injection volume:
Column temperature:

Detector:

mAU+
17.59
15+ .
1 Flow rate 1 mL/min
107 N~83000 (4. peak)
54 Max Pressure: 316 bar A
0
T T e e e L o B e e e e e e
0 1 2 3 4 5 6 min
mAU _
17.5
15+ .
R Flow rate 1.5 mL/min
101 N~103000 (4. peak)
5 Max Pressure: 478 bar
0
T T —— — 7 T T T
0 1 2 3 4 5 6 min
mAU 4
17.57
15
1 Flow rate 1.8 mL/min
107 N~115000 (4. peak)
54 Max Pressure: 573 bar
0,
— 71 " T T 1
1 2 3 4 5 6 min

Chromatographic conditions:

Thiourea, Acetophenone, Benzene, Toluene

Three coupled Agilent Poroshell 120 SB-C18,
150 mm x 4.6 mm, 2.7 pm columns

Water: ACN = 20:80

1,15, 1.8 mL/min

1L

60 °C

DAD 254 nm/10, Ref 360/100 nm, 20 Hz, standard cell

Figure 2

Two chromatograms to evaluate N for three coupled Agilent Poroshell 120 150 mm X 4.6 mm columns

at different flow rates.

Compound Plates k’
Acetophenone 114120 0.29
Benzene 109931 0.46
Toluene 114800 0.62
Table 1

Plate numbers at 1.8 mL/min flow rate.
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For higher k" values good results are
obtained using three coupled columns. mAU 3 g
A flow rate of 1.2 mL/min was used. 60 ] -
(Figure 3) Three coupled columns at a pressure of 528 bar
Precision of retention times 3
using isocratic conditions 30 g
Precision for isocratic conditions at ] 2 5
1.5 mL/min was evaluated and results 3 Vs T N=78739  N=76179 N= 72309
are shown in Figure 4 together with an 10 el g U K3 k=4.80
overlay of six consecutive runs. The I l I % J‘\E 5
precision of retention times is < 0.034% 0 N
RSD. and the precision for areas is J T T S o
< 0.66% RSD, except for uracil. Chromatographic conditions:
Sample: Thiourea+Test sample: Set of nine compounds, 100 ng/uL
each, dissolved in water/ACN (65/35) 1. Acetanilide, 2.
Acetophenone, 3. Propiophenone, 4. Butyrophenone
(200 ng/pL), 5. Benzophenone, 6. Valerophenone, 7.
Hexanophenone, 8. Heptanophenone, 9. Octanophenone
Column: Three coupled Agilent Poroshell 120 SB-C18,
150 mm x 4.6 mm, 2.7 ym columns
Mobile phase: ACN/Water 60/40
Column temperature: 60 °C
Flow rate: 1.2 mL/min
Detector: DAD 254 nm/10 nm, ref 360/100 nm, 20 Hz, Standard cell
Figure 3

Plate numbers at higher k' values for three coupled columns at 528 bar and 1.2 mL/min flow rate.

mAU E Isocratic run n=6 N
1754
B Compound | RSD RT (%)|RSD Area (%) 0
159 uraci 0.033 2.047 3
1 |Acetophenone 0.024 0.388
1257 [Benzene 0.022 0.553 8
J |Touene 0.029 0.654 o
101
. g
754 o
5
2.5
E U
R A O I S ) O O B o |

15 2 2.5 3 35 4 45  min
Chromatographic conditions:

Sample: Uracil, Acetophenone, Benzene, Toluene
Column: Three coupled Agilent Poroshell 120 SB-C18
150 mm x 4.6 mm, 2.7 ym columns
Mobile phase: Water: ACN = 20:80
Flow rate: 1.5, mL/min
Injection volume: 1TuL
Column temperature: 60 °C
Detector: DAD 254 nm/10, Ref 360/100 nm, 20 Hz, standard cell
Figure 4
Overlay of six consecutive runs using isocratic conditions and precision data for retention times and

areas.
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Precision for retention times
and areas using gradient
conditions

The precision for gradient analysis was
evaluated using a gradient from 35 to
95% in 10 min. The results and the
overlay of six consecutive runs are
shown in Figure 5.

Excellent precision was achieved for
retention times of all compounds (RSD
< 0.04%), except for Thiourea

(Figure 5).

The RSDs for the areas of all compound
peaks were less than 0.38% for a 1-pL
injection.

mAU
160 4

120

80+

40

0.917
— 1527

2.416

o~
o
]
<

Gradient
n=6

| e 6.049
e 6,907
= 7.702

4 8 min
Peak RSD Retention time (%) RSD Area (%)
Thiourea 0.092 0.372
1 0.020 0.238
2 0.038 0.255
3 0.033 0.21
4 0.029 0.186
5 0.027 0.227
6 0.023 0.194
7 0.018 0.183
8 0.017 0.251
9 0.017 0.167

Sample:

Column:
Mobile ph
Gradient:

Flow rate:

Detector:

ase:

Injection volume:

Column temperature:

Chromatographic conditions:

Thiourea + Test sample: Set of nine compounds, 100 ng/pL
each, dissolved in water/ACN (65/35)

1. Acetanilide, 2. Acetophenone, 3. Propiophenone,

4. Butyrophenone (200 ng/uL), Benzophenone,

6. Valerophenone, 7. Hexanophenone, 8. Heptanophenone,
9. Octanophenone

Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm
Water and ACN

At 0 min 35% ACN, at 10 min 95% ACN

1.5 mL/min

1uL

60 °C

DAD 245/10 nm, Ref 400/100 nm, 20 Hz, standard cell

Figure 5

Overlay of 10 consecutive gradient runs and precision data for retention times and areas.
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Comparison of the peak capaci- .

AgilentZORBAX RRHT SB-C18
ty of a porous shell column ver- 150 mm x 4.6 mm, 1.8 ym
sus a sub-2-pm particle column F W5 sigma last paak =0.1 min

Peak capacity = 101
To illustrate the difference between Back pressure = 296 bar

porous shell and sub-2-pm columns, '“1"2%7 T © S
two 150 mm x 4.6 mm id columns were 100 g X .
compared analyzing a set of 10 com- 80+ T 2
pounds (Figure 6). 23 l g g
. | L
The Agilent Poroshell 120 column 0 : L : L —
shows shorter elution times, and small- 0 2 4 6 8 min
er peak width, which results in a higher Agilent Poroshell 120 SB-C18
peak capacity for the porous shell col- 150 mm x 4.6 mm 2.7pm
umn. The Agilent Poroshell 120 column N Ez\éizgg;c'?:ytzﬁzg‘ﬁngg%'"
shows 133 peaks with a higher peak mAU 5. g Back pressure = 226 bar
capacity than the sub-2-uym column 1601 N = 3 1
with a peak capacity of 101 peaks. This 1201 2 &
shows 30% higher efficiency for the 801 g =
Agilent Poroshell 120 column compared 401 I 1
to the sub-2-pm column for the condi- 0 ‘ S ‘ — —
tions used. 0 2 4 6 8 min

Chromatographic conditions:

Sample: Thiourea + Test sample: Set of nine compounds, 100 ng/pL
each, dissolved in water/ACN (65/35)
1. Acetanilide, 2. Acetophenone, 3. Propiophenone,
4. Butyrophenone (200ng/pL), Benzophenone,
6. Valerophenone, 7. Hexanophenone, 8. Heptanophenone,
9. Octanophenone

Column: Agilent ZORBAX RRHT SB-C18, 150 mm x 4.6 mm, 1.8 pm,
Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 ym

Mobile phase: Water and ACN

Gradient: 0 min 35% ACN, 10 min 95% ACN

Flow rate: 1.5 mL/min

Injection volume: 1L

Column temperature: 60 °C

Detector: DAD 245/10 nm, Ref 400/100 nm, 20 Hz, standard cell

Figure 6
Chromatograms of a “Phenone” mix analyzed on porous shell and sub-2-pm particle columns.
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Comparison of volume capacity

To test whether porous shell columns
have the same or lower volume capaci-
ty than column packed with 1.8 pm par-
ticles, a highly concentrated sample
was injected. The injection volume was
10 pL and the concentration was
approximately 20 pg in 10 pL (Figure 7).

No significant differences were
observed for the main peak using the
selected conditions. The peak width for
the Poroshell 120 column was some-
what lower because in this case the
peak eluted earlier. The peak width is
typically smaller.

Comparison of signal-to-noise

Impurities in a pharmaceutical drug
were analyzed to evaluate the signal-to-
noise ratio. The impurities were present
in a 0.02-0.03 percentage range. The
chromatographic conditions are listed
in Figure 7.

mAU
200
1504

100

501

o

3.484

Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm
PW1/2 for main peak = 0.0668 min

mAU
2004

1504
1004

=)

504

46 4.8 min

4.198

Agilent ZORBAX RRHT SB-C18, 150 mm x 4.6 mm,
1.8 um PW?1/2 for main peak = 0.0792 min

2.982

4.8 min

Chromatographic conditions:

Test Sample: Tramadol 2,022 mL/mL containing impurities,

Column: Agilent Poroshell 120 SB-C18, 150 mm x 4.6 mm, 2.7 pm
Agilent ZORBAX RRHT SB-C18, 150 mm x 4.6 mm, 1.8 pm

Pump:

Solvent A: Water + 0.2 % TFA and Solvent B: ACN + 0.16% TFA

Gradient: 17 to 45% B in 5 min, Stop Time 7 min, Post time 3 min

Flow rate: 1.5 mL/min

Autosampler

Injection volume: 10 uL

Wash time: 10s

Thermostatted Column Compartment

Temperature: 30°C

DAD: 1290 270/10 nm, Ref. 360/100 nm, 20 Hz, Standard flow

cell of 10 mm path length

Figure 7

Capacity comparison of porous shell and sub-2-pm columns; Injection volume 10 pL = 20 pg.
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Figure 8 shows an overlay of a section
of the complete chromatograms. The
red trace represents the Poroshell 120
chromatogram and the black trace rep-
resents the sub-2-pm chromatogram.

In Table 2, the signal-to-noise calcula-
tions for both columns are combined.
Impurity 1 and 2 were analyzed on the
Poroshell 120 column and on the
sub-2-pm column.

Conclusion

Porous shell columns represent a real
alternative to sub-2-pm columns. The
lower back pressure allows flow rates
of 1 mL/min for a 4.6 mm x 150 mm,
2.7 um column without exceeding the
400 bar limit. In this case, 35000 plates
are achievable or more than 235000
plates/meter.

Column coupling of three 4.6 mm x
150 mm columns result in a plate num-
ber of 100000 plates in under 5 min
without exceeding the 600 bar limit.

Agilent Poroshell 120 columns show
excellent precision data for isocratic
and gradient analysis.

Typically for Agilent Poroshell 120

columns shorter elution times than that

of the similar sub 2-pm banded phase
columns can be expected if the same
chromatographic conditions are

applied. The shorter elution times result
in smaller peak widths and consequent-

ly higher peak capacities.
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Figure 8
Comparison signal-to-noise ratio, red represents the porous shell column and black trace represents
the 1.8 pm particle column. Modifier TFA was used.

Peak Poroshell 120 S/N 1.8 ym S/N
1 14 13.6
2 12.8 12

Table 2
Comparison of signal-to-noise ratios for porous
shell and 1.8 pm particle columns.
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Technical Overview

Introduction
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#n UHPLC &%,
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HTHAABE, ETSHAT, BERARAMBRARERS BRRMENIE
EHRE., IMBEAT, TEZAPMERLRARBR, URBTETERE. BN
M/ MENTEE,

Superficially porous particle columns have a solid core and a porous shell. The
Poroshell 120 particle, for example, has a 1.7 pm solid core and a 0.5 pm porous
shell as shown in Figure 1.
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The 2.7 pm Poroshell 120 Particle is 75% Totally Porous

2.7 um Poroshell 120

1.8 ym totally porous
0.5um

- Pore size 120 A, I
ideal for small

1.8um molecules . 2.7um
| — h

Figure 1. Diagram comparing a superficially porous Poroshell 120 particle to a totally porous
1.8-um particle.

The total particle size is 2.7 pm. Based on this structure the 2.7 pm particle is 75%
totally porous and only 25% of it is the solid core. With so much of the particle
totally porous, sample loading on the column falls into a standard analytical range.
And the sample loading compares well to that achieved on a totally porous sub
2-pym column.

The following illustrates calculations of Volume Total, and Volume Core:

_4 .
V—§plr3

I core = radius of the core = 0.85 pm

I total = Fadius of the whole particle = 1.35 pm

Volume total = 10.31 pm?® Volume Core = 2.57 pm?®

Volume % core = (2.57 pm3/10.31 pm3) x 100% = 25%

Volume Porous Shell = 100% — (volume % of core) = 100% — 25% = 75% totally porous

A series of loading experiments was performed to compare the loading capacity of
the Poroshell 120 superficially porous particle column to another superficially
porous particle column, as well as to both 1.8 ym and 3.5 pm totally porous particle
columns (both Agilent ZORBAX Eclipse Plus C18's).

The experiments were designed to evaluate mass loading, which is the amount of
material on the column with each injection. In mass overloading, the peak shape
will start to change as the loading of the column increases. When the column is
overloaded the peak shape will no longer be symmetrical. One typical change is for
the peak to broaden with the increasing mass load and have a sharp peak front
shifted earlier along with a sloping tail. This change in peak shape can be seen
visually in a chromatogram, but that level of distortion clearly indicates sample
overloading.

At a more analytical level we can measure the peak width at half-height, and when
the peak width doubles we recognize the peak as being overloaded. Peak width is
not the only parameter that can be measured, but it is one good choice. Efficiency
loss is another parameter that can easily be measured.
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The actual loading of acidic and basic compounds can vary based on the nature of
these ionizable compounds. Therefore, the experiments included both acidic and
basic compounds. A neutral compound was also analyzed, but in general neutral
compounds have better sample loading and are of less interest to most chromatog-
raphers. The experiments were designed to start at low, analytical sample loads and
increase the sample loading until the columns were clearly overloaded.

Peak width at half-height served as a primary measure of the sample overloading
and the parameter used for comparison to the loading on the other columns. The
first compound evaluated was an acidic compound, benzoic acid. The mobile phase
was 25 mM NaH,P0, at a pH of 3, which should typically result in good peak shape
for benzoic acid, with pKa = 4.2. The sample loading started out at 0.082 pg on col-
umn and ended at 123 ug on column for 3 mm x 100 mm columns. For each injec-
tion a number of parameters were measured, including peak width at half-height. A
plot of the peak width vs. sample load of benzoic acid is shown in Figure 2.

Sample Loading with Acidic Compounds on Agilent Poroshell 120 is Comparable to sub-2-ym

06 Benzoic Acid Loading
e==g===_Agilent Poroshell 120 EC-C18, 3 mm x 100 mm, 2.7 pm

05 Supelco Ascentis Express C18, 3 mm x 100 mm, 2.7 pm

Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 1.8 pm
e=ie== Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 3.5 ym

Peak width at 1/2 height (s)

01 =—l———N— 85% 25 mM NaH,P0, buffer, pH 3.0
15% Acetonitrile
U 275 nm, 30 °C
I I I
0.082 0.82 8.2 82

Mass of benzoic acid on column (pg)

Figure 2. Benzoic acid loading on 3 mm x 100 mm columns.

A number of observations can be made from this plot. The plot shows that the
superficially porous Poroshell 120 and 1.8 pm totally porous Eclipse Plus columns
have roughly the same loading ability. Through a range of reasonable sample loads,
each column maintains peak width at a given value. The flat region of the curves
shows that each of the superficially porous and the 1.8 pm totally porous columns
yields similar peak width for benzoic acid at pH 3. The only outlier in this plot is the
3.5 pm totally porous Eclipse Plus column, which produces notably wider peaks at
low sample loads. This could compromise the resolution of small impurities. The
chromatograms are shown in Figure 3.
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Peak Width of Acidic Compounds on Poroshell 120 is Comparable to sub-2-pm
0.82 pg benzoic acid on 3 mm X 100 mm columns
2.7 pm, Poroshell 120 EC-C18
mAU
255
207
15 _
E Pw =0.1002
107
Of T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
5 5.5 6 6.5 7 15 8 8.5 min
mAU 5
25; 1.8 pm, Eclipse Plus C18
209
157
E Pw =10.1137
107
5
Of T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
5 55 6 6.5 7 75 8 8.5 min
mAU
257 3.5 pm, Eclipse Plus C18
20
15
103 Pw =0.1631
53
Of\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
5 5.5 6 6.5 7 15 8 8.5 min

Figure 3. Normal peak width comparison of 2.7, 1.8 and 3.5 ym particles with benzoic acid on
3 mm x 100 mm columns.

Overloading of the sample is depicted when each curve in Figure 2 begins to trend
upward. This can be seen at roughly the same amount of benzoic acid on-column
for each of the superficially porous and sub-2-pm columns. Again, the 3.5 pm col-
umn stands out, because it starts with a much higher peak width, and the peak
width doubles at approximately twice the concentration of the other columns. While
this appears to be an advantage, the broader peak widths on the 3.5 pm column will
limit resolution.

Overloading is noted by a change in peak width, peak shape and retention time on
all these columns, as can be seen in Figure 4. For both Poroshell 120 and 1.8-pm
Eclipse Plus columns, low sample load peak widths are roughly the same. They
begin to increase as overloading occurs; for the two columns in Figure 4, overload
occurs at about the same sample load of benzoic acid. In this experiment, overload-
ing is determined when peak width at half-height doubles. Also notable is the
inward shift in retention time and increase in tailing.
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Benzoic Acid Peak Changes with Sample Overload are Similar on Poroshell 120 and 1.8 ym

1.8 pm Agilent Eclipse Plus C18 Agilent Poroshell 120 EC-C18
AU

mAU4  Benzoic acid (ng) e Benzoic acid (ug)
] 0,087 500 0082 Pw =0.2096

400 0.246 1 0.246
] 0.41 400 0.41
1 0.82 ] 0.82

300+ 41 ] 4.1
] 8.2 300 8.2
] 32.8 ] 32.8

2004 01431 2007 Pw =0.1298

100 0.1240 1007 Pw=0.1110
1 Pw=0.1137 ] Pw =0.1002

0] Pw=10.1125 0 o\ Pw =0.0992
B e e o L AL  | B o o e 0 e o L AL e e o o e e o B
6 6.2 64 66 68 7 72 74 76 78 5 52 54 56 58 6 6.2 6.4 6.6 6.8
min min

Figure 4. Overlay showing benzoic acid peak shape change with sample overload on 3 mm x 100 mm
columns.

Figure 5 shows another loading curve with a basic compound, nortriptyline. This
series of data was also collected with a 25 mM NaH,P0, pH 3 mobile phase, which
should produce good peak shape for nortriptyline with pKa=9.7. Sample loading
ranged from 0.008 pg to 4 pg on 3 mm x 100 mm columns. For each injection, peak
width at half-height was monitored and plotted in Figure 5 to determine the point of
overload.

Sample Loading of Basic Compounds on Poroshell 120 is Comparable to sub-2-pm Columns

Nortriptyline Loading
0.7— e=g==Agilent Poroshell 120 EC-C18, 3 mm x 100 mm, 2.7 ym

Supelco Ascentis Express C18, 3 mm x 100 mm, 2.7 pm

0.6 Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 1.8 ym
e=ie== Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 3.5 ym

Peak width at 1/2 height (s)

0.1 \— T A T 70% 25 mM NaH,P0, buffer, pH 3.0
30% Acetonitrile
0 205nm, 30°C
I I I
0.0008 0.008 0.08 0.8

Mass of nortriptyline on column (pg)

Figure 5. Nortriptyline loading on 3 mm x 100 mm columns.
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As in the acidic compound plot, this nortriptyline plot shows similar loading for
superficially porous particle columns and sub-2 pm totally porous columns. The
most different column, as would be expected, is the 3.5-um totally porous column
because of the much broader peak width on this larger particle size. For the 3.5-ym
Eclipse Plus column, the peak width doubles at a higher load as compared to the
superficially porous and totally porous sub-2 pm columns because of the broader
starting peak width. Each of the superficially porous columns and the 1.8 pm totally
porous column start with similar peak width measurements, and display character-
istics indicative of overload at nearly the same mass load on-column. Normal peak
widths for 2.7 pm superficially porous, 1.8 and 3.5 um totally porous columns are
shown in Figure 6.

Peak Width of Basic Compounds on Poroshell 120 is Comparable to sub-2-pm Columns.

0.008 pg Nortriptyline on Column
mAUz 2.7 pm, Agilent Poroshell 120 EC-C18
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Figure 6. Normal peak width comparison of 2.7, 1.8 and 3.5 um particles with nortriptyline on
3 mm x 100 mm columns.

The trend in peak width, shape and retention time as nortriptyline load increases is
similar to that of benzoic acid. Peaks shift inward, tail more and grow wider as sam-
ple is overloaded onto the column for both Poroshell 120 and 1.8-pm Eclipse Plus
columns, shown in Figure 7. Most notable, again, is the similar mass load of nor-
triptyline for which peak width doubles on the superficially porous and totally
porous sub-2-pm columns. This indicates very similar sample loading capabilities for
these two columns.
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Nortriptyline Peak Changes with Sample Overload are Similar on Agilent Poroshell 120 and 1.8 pm
1.8 pm Agilent ZORBAX Eclipse Plus C18 Agilent Poroshell 120 EC-C18
mAU 7 Nortriptyline (pg) _ mAU: Nortriptyline (pg) _
1 0 002 Pw = 0.2479 120 0 002 Pw = 0.1947
80+ 0.004 b 0.004
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] 0.2 Pw=0.1882 ] 0.2 Pw=0.1518
1 0.4 60 0.4
40| ]
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g Pw=0.1158 Pw=0.1038
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min min

Figure 7. Overlay showing nortriptyline peak shape change with sample overload on 3 mm x 100 mm
columns.

Valerophenone was used as the probe for a neutral compound loading study. Data
was collected using a neutral mobile phase of water/acetonitrile, producing sharp,
narrow peaks for valerophenone at low sample mass loading. Masses ranging from
0.2 to 300 pg of valerophenone were loaded onto 3.0 mm x 100 mm columns. Peak
width at half-height was measured and plotted against sample load, as shown in
Figure 8. Trends are similar to those found in both the acidic and basic compound
loading studies.

Sample Loading of Neutral Compounds on Agilent Poroshell 120 is Comparable to sub-2-pm

Valerophenone Loading
0.3+ et Agilent Poroshell 120 EC-C18, 3 mm x 100 mm, 2.7 pm
Supelco Ascentis Express C18, 3 mm x 100 mm, 2.7 um

0.25— Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 1.8 ym

=== Agilent ZORBAX Eclipse Plus C18, 3 mm x 100, 3.5 ym

Peak width at 1/2 height (s)

0.05 50 % Water
50% Acetonitrile
285nm, 30 °C
0 \ T T
0.2 2 20 200

Mass of valerophenone on column (pg)

Figure 8. Valerophenone loading on 3 mm x 100 mm columns.
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The totally porous 1.8 pm and superficially porous columns perform similarly with
valerophenone loading, while the 3.5 pm totally porous column produces wider
peaks (Figure 9). This allows for nearly twice the sample load on-column before the
peak width at half-height doubles, but potentially compromises resolution more, due
to the broader peaks.

Peak Width of Neutral Compounds on Agilent Poroshell 120 is Comparable to sub-2-ym

2 ng Valerophenone on Column

2.7 pm, Agilent Poroshell 120 EC-C18
mAU;

307 Pw =10.0840

4 45 5 5.5 6 6.5 min

mAU3 1.8 pm, Agilent ZORBAX Eclipse Plus C18

3 Pw =10.0948

4 4.5 5 5.5 6 6.5 min

MAUZ 3 5 um, Agilent ZORBAX Eclipse Plus C18

203 Pw =0.1248

4 45 5 5.5 6 6.5 min

Figure 9. Normal peak width comparison of 2.7, 1.8 and 3.5 um particles with valerophenone on
3 mm x 100 mm columns.

The chromatographic indications of sample overload for the neutral compound,
valerophenone, are similar to the benzoic acid and nortriptyline examples provided
earlier. Peak width increases as the sample mass approaches overload, while reten-
tion time shifts inward and tailing increases. Figure 10 shows the chromatographic
changes that are evident of overload, highlighting the similarities between the
superficially porous Poroshell 120 and totally porous 1.8-um Eclipse Plus loading
capacities.
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Valerophenone Peak Changes with Sample Overload are Similar on Agilent Poroshell 120 and 1.8 pm
1.8 pm Agilent ZORBAX Eclipse Plus C18 Agilent Poroshell 120 EC-C18
mAU A mAU4
| Valerophenone \ o 01935 3 Valerophenone , o\ _ 44776
] (ng) 2000 (ng)
1750 7 0 E
1 4 17507 0.4
1500 7 1 E 1
] 2 15003 2
12505 10 Pw=0.1498 12500 40 Pw=01374
1000 80 B 80
I 160 10005 459
7804 ) 7507 )
500 Pw=0.1134 500] Pw=0.1034
2504 Pw =0.0981 2507 Pw =0.0875
03 Pw =0.0947 e Pw=0.0843
475 5 525 55 575 6 6.25 6.5 6.75 4 425 45 475 5 525 55 575
min min

Figure 10. QOverlay showing valerophenone peak shape change with sample overload on 3 mm x 100 mm
columns.

Based on the loading curves for each of the compounds on each the columns test-
ed, sample loads that produce peaks with twice the peak width at half-height were
calculated. The results are shown in Table 1. The data shows that the superficially
porous Poroshell 120 and totally porous 1.8-pm Eclipse Plus have similar loading
abilities for all compounds tested, while the 3.5-pm Eclipse Plus can load about
twice the sample mass in all cases. The superficially porous Ascentis Express was
also tested, showing similar initial peak shape (Figure 11), but lower loading capaci-
ties with each compound, when compared to the Poroshell 120. Poroshell 120 was
found to load about double the sample mass of a similar dimension Ascentis
Express column before overloading occurred.

Table 1. Benzoic Acid, Nortriptyline and Valerophenone Loading Studies w/Calculated Mass on
Column at Overload
Benzoic Acid Loading Nortriptyline Loading Valerophenone Loading
Average Peak | Peak Width at | Mass Load on | Average Peak | Peak Width at | Mass Load on | Average Peak | Peak Width at | Mass Load on
Width at 1/2 | Overload (2 x | Column at Width at 1/2 | Overload (2 x | Column at Width at 1/2 | Overload (2 x | Column at
Height (s) Ave PW) (s) Overload (ug) | Height (s) Ave PW) (s) Overload (ug) | Height (s) Ave PW) (s) Overload (ug)
Agilent Poroshell 120 EC-
€18, 3 mm x 100 mm, 2.7 ym 0.100 0.199 29.0 0.106 0.211 0.515 0.083 0.166 137
Supelco Ascentis Express
€18, 3 mm x 100 mm, 2.7 ym 0.103 0.205 16.2 0.085 0.170 0.334 0.074 0.148 79.2
Agilent ZORBAX Eclipse
Plus C18,3 mm x 100, 1.8 ym 0.113 0.225 31.2 0.118 0.235 0.327 0.094 0.188 149
Agilent ZORBAX Eclipse
Plus C18, 3 mm x 100, 3.5 ym 0.164 0.327 62.6 0.142 0.285 0.799 0.124 0.249 280
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Superficially Porous Ascentis Express Shows Similar Initial Peak Shape to Agilent Poroshell 120, but with Lower Loading Capacities (see Table 1)
0.82 pg Benzoic Acid on Column 0.008 pg Nortriptyline on Column 2 pg Valerophenone on Column
Agilent Poroshell 120 EC-C18, Agilent Poroshell 120 EC-C18, Agilent Poroshell 120 EC-C18,
3mm x 100 mm, 2.7 pm 3mm x 100 mm, 2.7 pm 3mm X 100 mm, 2.7 pm
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Figure 11. Agilent Poroshell 120 and Ascentis Express comparison under normal loading conditions with
acidic, basic and neutral compounds.

An interesting observation from these loading studies is illustrated in Table 2.
Overloading on a small particle column is not necessarily a reason to switch to a
larger particle column to avoid overload. Table 2 shows the doubled peak width at
which each column is determined to be overloaded, along with the calculated sam-
ple mass on-column needed to generate that peak width at overload. The third col-
umn for each of the respective loading studies gives the calculated peak width of
the 3.5 um totally porous column at the same mass load needed to double the peak
width on the smaller particle columns. In nearly all cases, the 3.5 pm totally porous
column produced wider peaks at the given sample load than both the overloaded
superficially porous and sub-2-um totally porous columns. This would suggest that
even when high sample loading is required and sample overloading is unavoidable
with small particle columns, superficially porous and 1.8-pm totally porous columns
can still provide narrower peaks and potentially more resolution than a non-over-
loaded 3.5 pm totally porous column.
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Table 2. Comparing Superficially Porous and sub-2-um QOverloaded Peak Widths to Non-Overloaded
3.5-um Peak Widths at Same Sample Mass Load

Benzoic Acid Loading Nortriptyline Loading Valeroph Loading
Peak Width at | Mass Load on | 3.5 um Peak | Peak Width at | Mass Load on |3.5 ym Peak | Peak Width at | Mass Load on |3.5 um Peak
Overload (2 x | Column at Width at Mass| Overload (2 x | Column at Width at Mass | Overload (2 x | Column at Width at Mass
Ave PW) (s) Overload (ug) |Load (s) Ave PW) (s) Overload (ug) |Load (s) Ave PW) (s) Overload (ug) |Load (s)
Agilent Poroshell 120 EC-
€18, 3 mm x 100 mm, 2.7 ym 0.199 29.0 0.244 0.211 0.515 0.245 0.166 137 0.190
Supelco Ascentis Express
C18,3 mm x 100 mm, 2.7 ym 0.205 16.2 0.203 0.170 0.334 0.210 0.148 79.2 0.160
Agilent ZORBAX Eclipse
Plus C18,3 mm x 100, 1.8 ym 0.225 31.2 0.250 0.235 0.327 0.208 0.188 149 0.197

The acidic, basic and neutral compounds used in this loading study show similar
loading capacities for superficially porous and sub-2-um totally porous columns. In
all cases the symptoms of sample overload were similar.—retention time shifts
inward, tailing increases, and peak width increases. However, despite the negative
effects of sample overload on peak shape, superficially porous and sub-2-um totally
porous columns can still yield narrower peaks than larger 3.5 um totally porous
columns at the same sample mass load.

For More Information

For more information on our products and services, visit our Web site at
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Transfer of Methods between
Poroshell 120 EC-C18 and ZORBAX
Eclipse Plus C18 Columns

Technical Overview

Introduction

The developement of superficially porous particles has led to the possibility of
method transfer from larger 5-pm totally porous particles, as well as from sub-2-pm
totally porous particles. One of the benefits of transferring from larger particle
columns is significant time savings, as the superficially porous particles are optimally
run at a faster flow rate achieving similar resolution with a much shorter column
length [1-4]. The high efficiency of superficially porous particles is similar to sub-2-
pm totally porous particles because of the short mass transfer distance and substan-
tially narrower particle size distribution. Transferring methods from totally porous
sub-2-pym columns may also be desirable. Many development laboratories have cho-
sen to use sub-2-pm columns. However, in some cases the higher operating pressure
required of sub-2-um methods may not be transferable to all HPLC systems. In many
cases methods using sub-2-pm columns can be directly transferred to superficially
porous particle columns, without adjustment. This is particularly true when columns
like the Agilent Poroshell 120 EC-C18 and Agilent ZORBAX Eclipse Plus C18 are man-
ufactured to have similar bonding chemistries and use similar retention mechanisms.
Additionally, superficially porous particle columns can perform the same analysis as
sub-2-pym columns, while generating less backpressure. This allows analysts to
increase flow rates for higher throughput, or to increase column length to enhance
resolution without exceeding the system pressure limits.

One asset of the Agilent ZORBAX family of HPLC columns is the scalability of meth-
ods between particle sizes. This allows a quick and reliable transfer of methods
from method development to preparative lab and high throughput analysis.
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Several recent comparisons of Agilent Poroshell 120 EC-C18 and Agilent ZORBAX
Eclipse Plus C18 have shown very similar chromatography. Poroshell 120 was
designed to deliver 90 % of the efficiency of sub two micron columns such as
Eclipse Plus C18 at approximately 60 % of the pressure. Superficially porous parti-
cles found in Poroshell 120 have the low pressure benefits of larger particles while
achieving the performance of sub two micron particles.

Examples of this chromatographic similarity are shown using environmental phenols
in Figure 1 with 0.1 % Formic acid and in Figure 2 in the analysis of soft drink addi-
tives using 10 mM ammonium acetate pH 4.8. In both cases, the retention order of
the compounds are the same. The similarity of these two examples leads to the
larger question, how similar are Poroshell 120 EC-C18 and Eclipse Plus C18, in terms
of selectivity over a wider range of operating conditions and with a larger set of
compounds including acids bases and neutral materials.

2
3 Agilent Poroshell 120, EC-C18, 2.7 pm 9
P =332 Bar 4
5 7
6 8 10
) A
\ 1 \ \ 1 LI B
0 2 4 6 8 10 min
1
2
3 AgilentZORBAX Eclipse Plus C18 RRHT, 1.8 pm
P =510 Bar 4
I —

[ T T I T T I I I I T 1
0 2 4 6 8 10 min
Conditions
Columns Agilent Poroshell 120 EC-C18, 4.6 mm x 100 mm, 2.7 pm

Agilent p/n 689975-902

Agilent ZORBAX Eclipse Plus RRHT C18, 4.6 mm x 100 mm, 1.8 pm

Agilent p/n 959964-902
Mobile phase A: 0.1% Formic acid

B: MeCN + 0.1% Formic acid
Temperature 40 °C
Detection 275 nm
Injection volume 10 uL
Flow 2 mL/min
Initial 8% B, 10 min 30% B
1. Hydroquinone 6. o-cresol
2. Resorcinol 7. 2-Nitrophenol
3. Catechol 8. 2.3 Dimethyl phenol
4. 4-Nitrophenol 9. 2.5 Dimethyl phenol
5. p-cresol 10. 1-Naphtol

Figure 1. Comparison of Agilent Poroshell 120 EC-C18 and Agilent ZORBAX Eclipse Plus C18 using ace-
tonitrile and formic acid mobile phase for the analysis of environmental phenols.

183



Agilent Poroshell 120 EC-C18, 2.7 pm
Pmax = 356 bar
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Agilent ZORBAX Eclipse Plus C18 RRHT, 1.8 pm
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mAU] 1 6 8
] 9
140 Z
120 10
100 3
1 4
80 5
60 11
40
g I .
E
-20- I — I N I I
0.5 1 1.5 2 2.5 min
Conditions
Columns Agilent Poroshell 120 EC-C18, 3.0 mm x 100 mm, 2.7 ym
Agilent p/n 695975-302
Agilent ZORBAX Eclipse Plus C18 RRHT, 3.0 mm x 100 mm, 1.8 pm
Agilent p/n 959964-302
Mobile phase A: 20 mM Ammonium acetate, pH 4.80
B: Acetonitrile
Gradient 14% B at t,, ramp to 52% B in 2.1 min
Flow rate 0.851 mL/min
Temperature 30°C
1. Ascorbic Acid 7. Aspartame
2. Acesulfame K 8. Sorbic Acid
3. Saccharin 9. Quinine
4. p-Hydroxybenzoic Acid  10. Dehydroacetic Acid
5. Caffeine 11. Methylparaben
6. Benzoic Acid * Quinine Impurity

Figure 2. Comparison of Agilent Poroshell 120 EC-C18 and Agilent ZORBAX Eclipse Plus C18 using ace-
tonitrile and ammonium acetate mobile phase for the analysis of soft drink addities.

184



Experimental

Method development is often based upon the use of a generic gradient. Using a
short Agilent Poroshell 120 EC-C18, 4.6 x 50 mm column, several different mobile
phases can be quickly evaluated. The generic gradient used in this work is run at
2.0 mL/min, starts at 5% organic and increases to 95% organic over 2 min and holds
at this concentration for 1 min. Mass spectrometer compatible mobile phases con-
sisting of volatile buffers such as ammonium formate buffer and ammonium acetate
buffer are used. These buffers were prepared by dissolving sufficient ammonium
formate or ammonium acetate in water to produce 10 mM solutions and titrating
the solutions to the desired pH with the appropriate concentrated acid. The pH of
these buffers covers a range between 3 and 6.5.

An Agilent 1200 Method Development Solution LC system was used for this work:

« G1312B Binary Pump SL
+  G1367D Automatic Liquid Sampler (ALS) SL
»  Two G1316C Thermostatted Column Compartments (TCC) SL

*  G1315C Diode Array Detector (DAD) SL, using a G1315-60024 micro flow cell
(3-mm path, 2-pL volume)

« ChemStation version B.04.01 was used to control the HPLC and to process the
data.

Correlation data was calculated and plotted using Microsoft Excel 7.0.
Four Agilent Poroshell 120 EC-C18 columns were used in this work:

* Agilent Poroshell 120 EC-C18, 4.6 mm x 50 mm, 2.7 pm p/n 699975-902
» Agilent Poroshell 120 EC-C18, 3 mm x 100 mm, 2.7 ym p/n 695975-302
» Agilent ZORBAX Eclipse Plus C18, 4.6 mm x 50 mm, 1.8 ym p/n 959943-902
* Agilent ZORBAX Eclipse Plus C18, 3 mm x 100 mm, 1.8 pm p/n 959964-302

Table 1 summarizes the list of compounds studied for this work. These compounds
were prepared in water or 50/50 water/acetonitrile and injected individually.
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Table 1. Sixty-six Compounds Including Acids, Bases and Neutrals Prepared in
50/50 MeCN/Water and Injected onto 4.6 x 50 mm Columns Individually

List of tested compounds

furazolidone
chloramphenicol
impramithue
norethindrail
cortisone acetate
chloramphenicol
busirone hydrochloride
benzocaine
pyrimethamine
sulfaquinoxaline
sulfamonomethoxine
nimopidin
sulfadimethoxine
sulfamethoxazole
sulfachloropyridazine
sulfamethoxypyridazine
sulfamethizole
sulfamerazine
sulfathiazole
sulfadiazine
benzaldehyde
phenanthrene
biphenyl
acenaphthene
methoxy naphthalene
dimethoxy benzene
alpha hydroxyprogesterone
progesterone
prednisolone
deoxycorticosterone
chlorphenamine

berberine

chlortetracycline hydrochloride
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phenacetin

acetanilide

phenol

resorcial

hydroquinone

4 nitro phenol

o cresol

1 napthol

imipramine hydrochloride
3 4 dihydroxy | phenyl alanine
dl phenyalanine
ephedrine hydrochloride
loperamide

dibenzofuran

procaine hydrochloride
exonazole nitrate
gembigrozil

beta estradiol
metoprolol

protriptyline

hydroxy sophthalic
flufenamic acid
pramoxine hydrochloride
naproxen
diphenhydramine
diflunisal

nisoldipin

diclofenac
hydrocortisone
procainamide hydrochloride
lidocaine

terfenaine

chlorpheniramine maleate



Discussion

Differences in column performance have been studied by many including Wilson,
Nelson, Gilroy, Dolan, Snyder and Carr [5,6]. The United States Pharmacopeia lists
many columns [7] and a tool to determine how interchangeable columns may be.
Characteristics such as silica chemistry and bonding can change selectivity. Silanol
activity affects peak shape dramatically through secondary interactions. It also can
affect selectivity through H-bonding or ion-exchange. These effects hecome more
pronounced at higher pH than at lower pH [8]. Both Agilent ZORBAX Eclipse Plus
C18 and Agilent Poroshell 120 EC-C18 Columns are made from silica produced by
Agilent at the same facility that makes the final columns. Both are intended to be
highly inert columns and have been designed to yield excellent peak shape with
basic compounds. In addition to the effect of pH, silanol activity can also be affected
by differences in solvent. Methanol is an H-bonding solvent that has weaker elution
strength than aprotic acetonitrile [10]. By choosing a wide range of conditions, it is
more likely that differences in selectivity will be revealed.

Figure 3 shows similar retention of 66 compounds on Agilent Poroshell 120 EC-C18
and Agilent ZORBAX Eclipse Plus C18 columns using a generic gradient analysis
with a variety of compounds from different chemical classifications. The high corre-
lation coefficient (R2) indicates a high degree of similarity between the interactions
involved in the separation on the two Agilent C18 columns, while a slope of
approximately 1 implies similar interaction strengths [9,10].
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Generic Gradients using Acetonitrile, Buffered with 10 mM Ammonium
Formate or Ammonium Acetate between pH 3 and 6.5

Acetonitrile pH 3.0, Agilent Poroshell 120 EC-C18 versus
Agilent ZORBAX Eclipse Plus C18
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Figure 3. Scatter plot of retention time of 66 compounds on Agilent Poroshell 120 EC-C18, 4.6 x 50 mm,
2.7 um versus Agilent ZORBAX Eclipse Plus C18, 4.6 x 50 mm, 1.8 ym. (continued)

188



Acetonitrile pH 4.8, Agilent Poroshell 120 EC-C18 versus
Agilent ZORBAX Eclipse Plus C18
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Mobile phase A: 10 mM Buffer
B: Organic (ACN)
Gradient 5% B at ty, ramp to 95% B in 2 min, hold 95% B for 1 min
Flow rate 2 mL/min
Sample 1 pL of 1 mg/mL standard in H,0 or H,0/ACN

Figure 3. Scatter plot of retention time of 66 compounds on Agilent Poroshell 120 EC-C18, 4.6 x 50 mm,
2.7 um versus Agilent ZORBAX Eclipse Plus C18, 4.6 x 50 mm, 1.8 ym.
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Figure 4 shows scatter plots of the retention times of 66 compounds on Agilent
Poroshell 120 EC-C18 versus Agilent ZORBAX Eclipse Plus C18 columns at different
pH values between 3 and 6.5 in acetonitrile. Figure 2 shows scatter plots at different
pH values between 3 and 6.5 in methanol. The slope and RZ values for these combi-
nations are summarized in Table 2. As illustrated, the correlation between the two
plots is quite good. While retention times sometimes change with the ionic com-
pounds, the changes are proportional on both columns. A slight difference in the
slopes of the correlation curves may indicate some difference in H bonding interac-
tion between Agilent ZORBAX Eclipse Plus C18 and Agilent Poroshell 120 EC-C18
when comparing the acetonitrile and methanol data (slope of 0.99 and slope of
1.01), but this is not likely to cause any problems in method transfer and is only
measureable given the large number of experiments and compounds studied.

Generic Gradients using Methanol, Buffered with 10 mM Ammonium
Formate or Ammonium Acetate between pH 3 and 6.5

MeOH pH 3.0, Agilent Poroshell 120 EC-C18 versus
Agilent ZORBAX Eclipse Plus C18
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Figure 4. Scatter plot of retention time of 66 compounds on Agilent Poroshell 120 EC-C18, 4.6 x 50 mm,
2.7 um versus Agilent ZORBAX Eclipse Plus C18, 4.6 x 50 mm, 1.8 ym. (continued)
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MeOH pH 3.8, Agilent Poroshell 120 EC-C18 versus
Agilent ZORBAX Eclipse Plus C18
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Figure 4.  Scatter plot of retention time of 66 compounds on Agilent Poroshell 120 EC-C18, 4.6 x 50 mm,
2.7 um versus Agilent ZORBAX Eclipse Plus C18, 4.6 x 50 mm, 1.8 um. (continued)
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MeOH pH 6.5, Agilent Poroshell 120 EC-C18 versus

Agilent ZORBAX Eclipse Plus C18
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Conditions
Mobile phase: A: 10 mM Buffer

B: Organic (MeOH)

Gradient:
Flow rate:
Sample:

2 mL/min

Figure 4.

5% B at ty, ramp to 95% B in 2 min, hold 95% B for 1 min

1 pL of 1 mg/mL standard in H,0 or H,0/ACN

Scatter plot of retention time of 66 compounds on Agilent Poroshell 120 EC-C18, 4.6 x 50 mm,

2.7 um versus Agilent ZORBAX Eclipse Plus C18, 4.6 x 50 mm, 1.8 ym.

Table 2. Summary of Correlation Data

Acetonitrile

Methanol

a. pH =3.0y = 0.9915x -0.0193 R? = 0.9967
b. pH =3.8 y = 0.9901x -0.0202 R? = 0.9963
c. pH =4.8 y = 0.9845x -0.0175 R = 0.9969
d. pH =65y = 0.993x -0.0316 R? = 0.998
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a. pH =3.0y = 1.0293x -0.0821 R = 0.9979
b. pH =3.8 y = 1.0305x -0.0839 R? = 0.9981
c. pH =4.8y = 1.0415x -0.002 R* = 0.9972

d. pH =65y = 1.0106x -0.0943 R? = 0.9982



Another benefit of the Agilent Poroshell 120 columns over sub-2-pm columns is
lower operating pressure. The pressure is related to the particle size of the column;
larger particles naturally yield lower pressure than smaller particles. In addition to
the particle size, the pressure generated inside a column is dependent upon several
other factors including solvent linear velocity, and solvent viscosity at a given com-
position and temperature. While this is a gradient study, the most viscous solvent
composition in this study occurs between 40/60 and 50/50 methanol/water. At

25 °C the viscosity of this solvent is 1.62 cP. The most viscous acetonitrile composi-
tion is 10/90 acetonitrile/water. At 25 °C the viscosity of this solvent is 1.01 cP
[11]. As indicated in the references the viscosity of the solutions is inversely depen-
dent on the temperature. The pressure verses linear velocity graphs for Agilent
Poroshell 120 EC-C18 columns and Agilent ZORBAX Eclipse Plus C18 1.8 pm
columns are shown for both solvent pairs as Figures 5 and 6. In this case 100 mm
columns are used. As stated earlier, this benefit can allow the use of longer
columns achieving the same pressure (and larger injection volumes), or higher flow
rates.

Differences in selectivity are more likely to occur in cases where the pore size dif-
ference becomes more important, typically for compounds between 1500 and
2500 mw. Compounds such as PAHs that involve shape selectivity may also be
problematic.

Methanol/Water (45:55)
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Figure 5. Pressure measured at varied linear velocities indicates lower operating pressure for Agilent
Poroshell 120 than an a 1.8 ym column of similar length.
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Acetonitrile/ Water (10:90)

600+
y=100.77x + 22.884
500 -~ Rz = 09987
400
_ y=61.528x + 7.8858
s R%=0.9991
o
5 300
@
o
a
200+ @ Agilent Poroshell 120 EC-C18,
3.0x 100 mm, 2.7 pm
100 4 B Agilent ZORBAX Eclipse Plus C18,
3.0x 100 mm, 1.8 pm
0 \ \ \ \ \
0 2 4 6 8 10

Linear Velocity, mm/s

Figure 6.  Pressure measured at varied linear velocities indicates lower operating pressure for Agilent
Poroshell 120 than an a 1.8 ym column of similar length.

Conclusions

This work has demonstrated the equivalence of selectivity between Agilent
Z0RBAX Eclipse Plus C18 and Agilent Poroshell 120 EC-C18 columns across a wide
range of pH and mobile phase conditions. Both column chemistries are manufac-
tured using similar materials with similar proprietary bonding chemistries. Both
columns were designed to achieve excellent peak shapes for bases without sacrific-
ing low pH peak shape and performance for other compounds. The benefit of using
Agilent Poroshell 120 EC-C18 columns is high efficiency at a lower backpressure.
Based on this work, it is expected that if the need arises methods developed on
Agilent ZORBAX Eclipse Plus C18 columns can be reliably transferred to Agilent
Poroshell 120 EC-C18 columns and conversely with low risk.
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