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ARSI C=N B HPR BI04, 762927 F12856 em™ Ab B T —CH MR FRFINT FR i e 415 shide, ik B 2 Lk
AR 25— VA B LD AT 919 em ' A HAFT e N—HL TR AN TR AR 2l i 2%, 6 B /e Sk & 5 2k
G LRI HTEE R, Sil-IL-AMC18-CL I A IT R & 5 H 3.07%, ICR & HN 16.73%, LR 7N 3.07%,
Sil-IL-AMCI18-TEN FUE TG 3R 7 5 0 2.88%, RIC R & 5 M 15.98%, F TR & N 2.95%, v I 15 Sil-1L-
AMC18-C1 A1 Sil-TL-AMC18-Tf,N €235 [& 2 #H . 255 T 2 Bl [ 22 M A9 a3 4o s A= o3 Bk B, 45 38 (1) 1
SR TERLFU(RPLC) T, AR F 1 S Ak C18 (A, Wi [l i AR H41 HAT B 3 AT (2) Hh T HAT XU M SE
AHEETAG G KM C18 REE A A B 58 9 /K B 0, BRIt DASE IR R /K 3 A =0 HILIC); (3) £E AR/
JK(RPLC/HILIC)RA (i tBia T, ml [k 88 S5 K M RGP B . i ad %5 28 % BH, Sil-11L-AMC18-Cl & E@ A1 b
Sil-IL-AMC18-TE,N [# 58 AHAG B 5 19 3 K Ml TR M AE HILIC (5 R4 2 T 4 Sil-IL-AMC18-CL [ 72 AH v i T 8 Fil
BRERAZ P2 0 14 43 15, W] SEIZ SR SR K M BT ) B2k 43 18, R 8 42 Pk RSD=0.03%~0.25%(n=9); £ RPLC
AT K Sil-IL-AMC18-TEN [ 7 AH N FH F 6 Bl ARFic W ot 1) 43 5, AN AT LS B0 B2 43 B, 1 HL ) B
PRI B I R ISR, A E 52 1 RSD=0.05%~0.10%(n=9).
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Abstract In this work, octadecyl-modified silica chromatographic stationary phases with amide and imidazole-

based ionic liquid bipolar groups co-embedded were prepared by stepwise bonding and two stationary phases with
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different anionic coordinations (Sil-IL-AMC18-Cl and Sil-IL-AMC18-Tf,N) were prepared by ion-exchange, which

were characterized by means of infrared spectroscopy and elemental analysis. Both stationary phases showed C=C
stretching vibration peaks and C=N bending vibration peaks on the imidazole ring at 1460 and 661 cm™, and asym-
metric and symmetric stretching vibration peaks of —CH at 2927 and 2856 cm ™', which proved the bonding of amino-
imidazole ionic liquid. And the original 919 cm™ of primary amine N—H out-of-plane deformation vibration peak dis-
appeared, indicating that octadecanoyl chloride is bonded with amino. The results of elemental analysis showed that
Sil-IL-AMC18-Cl contained 3.07% of nitrogen, 16.73% of carbon and 3.07% of hydrogen, and Sil-IL-AMC18-Tf,N
contained 2.88% of nitrogen, 15.98% of carbon and 2.95% of hydrogen, which indicated that Sil-IL-AMC18-Cl and
Sil-IL-AMC18-Tf,N chromatographic stationary phases were prepared. The chromatographic separation modes and
performance of Sil-IL-AMC18-Cl and Sil-IL-AMC18-Tf,)N stationary phases were investigated, and the results showed
that: (1) the two stationary phases had higher column efficiency than commercial C18 columns in the reversed-phase
chromatographic mode (RPLC) ; (2) since the stationary phase has a bipolar group, it has a stronger hydrophilic
ability compared to the traditional hydrophilic modified C18 silica stationary phase, and thus hydrophilic chromato-
graphic mode (HILIC) can be realized; (3) simultaneous separation of hydrophilic and hydrophobic substances in
mixed reversed-phase/hydrophilic (RPLC/HILIC) chromatographic mode. It was found that Sil-IL-AMC18-Cl
stationary phase had stronger hydrophilic properties compared to Sil-IL-AMC18-Tf,N stationary phase, so in the
HILIC chromatographic mode Sil-IL-AMC18-Cl stationary phase was used for the separation of 8 base nucleosides,
which could realize the baseline separation of this kind of strong hydrophilic substances, and the RSD of the injection
repeatability was 0.03%—0.25% (n=9) ; in the RPLC chromatographic mode, Sil-IL-AMC18-Tf,N stationary phase
was used for the separation of 6 anilines, which not only could realize the baseline separation, but also improved the
peak trailing problem of anilines, and the RSD of the injection repeatability was 0.05%—0.10%(n=9).

Keywords Hydrophilic modified C18 silica gel filler; Mixed-mode liquid chromatography stationary phase; Base

nucleoside; Aniline
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M RE I R EMRME AR T, ZBEE A T A P R B R4 TR, Qiu 5 S IF & T B ik
M A C18 [E 2 A SilmC18, HXFZ 30 F5 48 (PAH) R Ak A 5 AS Rl 4 43 v o AT e e k5 (7) £
Tl 74 35 AT e A TR 1 2 AR 20, Jing S0V A B T A W3R A /e B (i S [ A, SR
T2 [ 7 AE T Ak R B AT — S I ER DR VR A, Liu S0 48 T80 5 b B A I 1 R IR e 1 il
IR PE AR A, 2 81 5 A ELAT IR AR TE A | 5 1009% K ShAH I B SEZSME | 5 i 23R 05 1 T AR 3%
PP LRSS AL S P B LD . SR, T AR S T AR PR B K AN I, S E0H 48 e
AR C18 AR 2 AT RPLC B 43 8, Teikib— ik BRK (A X (HILIC) , AT JCT S8
LR el G

BT R R R E PR R 2 E RS L T T U AR B S S [ A R4y
BUHE LR T 2R B, FE - VE R AR AR AR A, DR e R A2 — Al PR S T, O
O [ A S R SR KM . Qiu S5 20 B YRR H Tl HPLC e A, B B 5/, nl o s
WA TCALBHE A M F . Guo %2R 1-(3- BN L) WKk & i 5 e 41, il 45 1 3 AP HA AIRIEL
AEBH B F 1 HILIC 2 5 R0k, Xt Z R &4 - AT Pt S84 A RAF I R . S T H
AR 3 AT o A C 18 [ 2 AR PR AR 1k A S5 KPR IR 4 TR, AR S 8 1 0 7R T i AR R s s 25—V A4 DU,
P I A i A SRR OPE C18 RIS 18 A A, 3% 15 AH [ LA Bk AE L L - VE A L (AR - (AR AE T
FRHLAEF | U E R RN 2 (B BE AN . URR M 5 T e AR ] 5 1) S K 0P €18 [ A ) 21 K
RE &, ASUATHF RPLC 43 & 45X, 38 o] I F HILIC 2 #4520 . 40578 RPLC . HILIC F1 RPLC/
HILICIR & BT, 58T @A r 4 s HLER, FRH 0 5 35 K 1 8 R A% 2 5l 6 Fh
ARG 7 5

1 SEIGERS

1.1 RFI 5

BRIE 2L AL HE(S wm, 10 nm, 400 m¥g), H A Daisogel 2 ) 5 3-58 4 5 = A LR ELE AN 1-(3-%4
PRI BRI, 215 > 98. 0%, b /RICFEARABRA A WERRIMES, 465 > 97. 0%, Jbat i dlRHEe
ARRAF; GRS, 405 >98.0%; SIEMZTT | R 2,4, 6- = 1ROR[E, 46 >99. 0%, I
A7 e A AT PR 5 B BRI E | FRWENE | 2 - P U R S REAZ AT | PRI WEAZ T | IR B IEERS | SL IEERA T
2,6- HUIETR N, SERE > 99. 0%; HR MRS A% 1 FIARAE FE RN , 26 RE > 99. 5%, g T ] 350 A B
] XPEORME, SHEE > 98. 0%, MR FRFIAA R AR Ehie . & W e . WK | JOKHEE
I SR DUSRIRG . — CRERUR N, o3dral, 255 AL AR A BRA w5 BT R | ke
B . S5 DN L DO &K R RN = & B 33 28 ) 4A 4y O A B . S2 S K O Milli-Q B Al K (L BE 3R
18.2 MQ-cm).

Nexera LC-40 % 5 20 AH (2,351 (HPLC) it & SPD-M40 — % A& M R 2%, H A 13/ vl 5 ZORB-
AX Eclipse XDB-C18 {34 (150 mmx4. 6 mm, 5 pm), EEZCFECRHEA PR ] 3 Vario ELITET X 5y
B (EA), #8[E Elementar Al ; RPL-ZD10 BUEAEAL, K% H 8 FIRHE A B2 A 5 Nicolet 6700 7 HL
ST MR (FTIR ) , 25 Thermo 231 .
1.2 iR
12,1 EEARE A R TR I 2 7V 4B P 35 P e ARk et C 18 R [ AH ) B At
FEUNE 1 PR

I 40. 0 g BERE, A 20% $2F82 (200 mL) , Z i FHiFE 10 h. BEaER FHZERK R P, B2 T4,
HFH. B, B0 g THRBRILEERR /80T 50. 0 mL TR, ETRATIATMAO0. 2 mL = 2%
F110. 0 mL 3-50 78 56 = H AU LRl , PRI 24 h. BRRE 4050 FF HR 2R A FE Rk 46, T80 “C LS T
RN NI G RERE (Si-MPCL). T, BL10. 0 ¢ 45 (4 Sil-MPCL 23088 F 50 mL T B 2R, 78 TR A
AARGUTFINAS. 30 mL 1-(3-Z4 L ) BRI | Jin#Aml 3t 48 h. HFAE R o3 7 FH FH R R HE By ik, 180 CELAS
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OH  (OMe):Si~ "~
OH (OMe)5i c 8551/\/\0
OH Toluene, reflux 0~
Bare silica Sil-MPCI
O 0T @y
0 Toluene, reflux Ccr \—/
Sil-MPC1 Sil-IL-C1

O~ Li(TE:N O~
&OE& NN N, _ Li(TEN) &0531 NN TN,

O cr \—/ HO,r. t. O *szﬁ \__/
Sil-IL-C1 0 Sil-IL-Tf>N
N 't
O~ AN NN TSN CI” ~CyHss O~ )k
8731 N N NH, ——— 0—=Si /\/\QN/\N/\/\N Cy7Has
cr \/ DCM, 1. t. {0) of \/ H
Sil-IL-C1 0 Sil-IL-AMC18-Cl1
O c1)l\ H 0
O vy Tt Qs o
“TEN \—/ DCM, r. t. 0 “TEN \n/ H
Sil-IL-T:N Sil-IL-AMC18-Tf:N

Fig. 1 Preparation process of stationary phase

TR A5 3 B IR AR BA B REIR (Sil-IL-C1). TR 4. 00 g fIA5 1 Sil-IL-C1F1 5. 00 g A= F P A Tk IV e 2
[Li(TEN) J408E0F 50 mLABAE K, CIH5 TEN M 7B FAcih, 78 TR N ERN 24 h)5, 4351
FHAB LK A EEPE S, T80 CHAS TRIS 2 B T AR LI (Sil-IL-TEN). 4351 4. 00 g Sil-IL-Cl
R AN Sil-TL-TEN FE RS0 T 20 mL T =G Berh, A 0. 7 mL =%, TE0KIE T RIZIEH: , T m
1. 66 mLAFAEEES , 50 min THEE; FH 22 IRIFHFE RN 12 W, 433 & P B A EEpE s, 780 °C
LS TS B TR I e L A i A T\ e L RE IR (Sil-TL-AMC18-Cl Al Sil-IL-AMC18-TE,N ). %
J& . 43 9 3,50 g Sil-IL-AMC18-Cl fif: ¢ F1 Sil-IL-AMC18-TE,N fif i 230 85 F 12 mL T H 28w, fn A
0.2 mL = ZJi, 0. 8 mL = H ILGERELEA 4 mL T RIRAE, iR T 6 h 5405 F H 280
HBEPE T, T 80 “CILZS T A5 21 — L ik 40 25 s ot 109 25 R AR TR P e 58 AT i 1) /Ut e e
(Sil-IL-AMC18-Cl FI Sil-IL-AMC18-Tf,N).
122 B4 s FH45 0 Sil-IL-AMC18-Cl Fl Sil-IL-AMC18-Tf,N [ 52 A8 43 51 LA P & Wk M/ 5 TR IR
ORI, R TR , 7640 MPa T 253H A 150 mmx4. 6 mm ANFHR GG

RPLC 23 B A5 5 . W shAH K BB FK , 3 3% 1. 0 mL/min, AL 25 °C, #0037 K 254 nm, gEE
10 pL.

HILIC 23 #5455 « 3 sl AH R 25 1 20 mmol/L F FREZ K, i3 1. 0 mL/min, #1325 °C, A
254 nm, PEFEE 10 pl.

RPLC/HILIC 43 B 52K 3 SR ) 1 20 mmol/L F FR B /K %W , W 1. 0 mL/min, A3 25 °C,
K K 254 nm, #EFER 10 L.

RIERACE W5y B 451 T sh A A HEEADK, P 1. 0 mL/min, #E7E 25 °C, R 254 nm, i
FEE 10 pl.

B L AZ TP A 23 88 45 - IR Bh AR 21 1 20 mmol/L FE R /K 5 W , 73 1. 0 mL/min, FEiR
25 °C, KK 254 nm, FEFEE 10 L.

2 F#ERE5TR

21 EEMEBRIE
2.1.1 LA RAE R H AR 2T AR G T A X R A S | Sil-MPCI L, Sil-TL-C1, Sil-IL-T£,N
Sil-IL-AMC18-C1 # Sil-IL-AMC18-Tf,N ¥F47 T RAE . K 2 A /R £ AMELZL T 1042 em™ AL H W I F ik i |

il
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Si—O # 1y 25 th¥R s, 3417 F11632 em™ 2 AWl
g 3 30) A ek 52 6 T 7% B A ek 5 3 O—HL SRRV 4 41
S AR . SEREERAR L, Sil-IL-C1 A1 Sil-IL-
TEN L ANEIE I TE 1460, 661 F1919 em™ 40 H 3
W T 0 | 435 A A R IR BR | C=C i 4 P sl
C=NZ5 {h 4R shié F{f e N—H m MV E AR shig , 50

1566§1632

3417
m 2927 _ 4.
285671~
14607

W1 1- (3-8 5 ) BRIk 2 5 Sil-MPC1 ] . Sil-IL- !
AMC18-Cl 1 Sil-IL-AMC18-T£,N [ 4T 4} i 7E 2927 1000 33003000 2300 2000 1300 1000
F12856 cm ™ Ab H IR T —CH YA X R FiR e 45 vlom!

U, TAE 919 em™ Zb AN N—H i #M5 JE PR 5/ Fig.2 FTIR spectra of bare silica(a), Sil-MPCI(),
W 2, 2T I S A Y IO 5 51 SiHIL-Cl(e), SI-IL-TEN(@), SilIL-AMCIS-CI
Sil-IL-C1 Fl Sil-TL-TE,N I (¢) and Sil-IL-AMC18-TE,N(f)

212 TTE SN RHICE PR R . Sil-MPCL, Sil-IL-Cl, Sil-IL-AMC18-Cl, Sil-IL-Tf,N F/I
Sil-IL-AMC18-TE,N #4 73RAE , 45051 F3 1 BB A& B Y0 AT 3 NRES R348, SRR AR
o, Sil-MPClH C FIH G ZE & B4 DI N2 5. 88% Fl1 1. 26%, IESL AN L C S BRI R m . 5
Sil-MPCIAH L, Sil-IL-C1H C FIN JGER 1% 1t 43 iGN 22 10. 20% F13. 48%, 1iESE 1-(3-2 PN 5 ) WK 2 5
AR b 5 SI-IL-CLA E, Sil-IL-TEN 1 S TT 2 & 38 il 2 2. 08%, Ui B Sil-IL-TEN & 4E T B 148
e, HeAh, AT Sil-IL-CL A Sil-IL-TEN, Sil-IL-AMC18-C1 #1 Sil-IL-AMC18-TE,N 71 C G £ & 243 4 fin
216. 73% 1 15. 98%, WFSE - /\LedE VB4 B .

Table 1 Elemental analysis results of bare silica, Sil-MPCI, Sil-IL-Cl, Sil-IL-AMC18-Cl, Sil-IL-Tf,N
and Sil-IL-AMC18-Tf,N

Average elemental content(%)

Analyte N c u 5 Bonding density/( mol-m™)
Bare silica 0 0.31 1.22 —
Sil-MPCl1 0.02 5.88 1.26 —
Sil-1L-Cl 3.48 10.20 2.08 0.17
Sil-IL-AMC18-ClI 3.07 16.73 3.07 — 1.27
Sil-IL-Tf,N 3.44 9.79 1.78 2.08
Sil-IL-AMC18-Tf,N 2.88 15.98 2.95 — 1.21

* Not tested.

FRELAMEIERIIC A HT 4 R FE W, Sil-1L-AMC18-Cl 1 Sil-IL-AMC18-T£,N fif st €633 ] 22 AH £ il 4%
ez
22 B REIE
221 RAlegERX W TEEMSAIENIER C18 KA, 78 M @it = (RPLC) T (BN A K
HH SRR ), I R S IE | 25T | 4-filf 3 R ANZE 4 RO RIS OGS AR P 2 AR ME ) O PR T 275 (o ik
FERI A B PERE VR T T VA . I3 R (A)~(A,) FI(B,)~(B,) 2351~ Sil-IL-AMC18-Cl A3: 1 Sil-IL-AMC18-
TEN AELEA RS ) 15 20 0 2 21 18, 5K AR B b 4303 4 80: 200 (A FI(B,) 1, 75:25
[CA)FI(B,) JF170:300 (A)FI(B,) |. Z5FFHA, 2 B [ FHAE SO @3 25048 T AT RASE BN 4 R4
FR5 8, T HLBE R SRR S L B AR RERATR , 2 g A 1 42 o 4- il RS EUOR N ZR O A 3R, AP BiR
SV A [ A R AR B A SR i A

TE U S AH R B REK (IR L 80:20) 2514 T % 42 T 4 FI % 4 F 7€ Sil-IL-AMC18-Cl #F | Sil-IL-
AMC18-TE,N FEFIE S Ak C18 4 b B PRSI AR BORIXTFR A -, 452141 F3R2. AL, 7€ RPLC 70 X
T, Sil-IL-AMC18-CI A3 £ Sil-TL-AMC18-Tf,N £ () FEIS H5 A 8% HL R b Ak C18 A 5, DB &4 T Sil-IL-
AMC18-ClH: 1 Sil-TL-AMC18-TE,N A 341 HLAT 5 5 ALK .
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(A1) | 4 (A2) | (As)
2 5 4 )
3 4
3
3
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 6.0 0 1.0 20 3.0 40 50 6.0 0 10 20 3.0 40 50 6.0
t/min t/min f/min
®) | 4 B) 1 B) 1
2 5 A
3
3
I I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1.0 20 3.0 40 50 60 0 1.0 20 30 40 50 60 0 1.0 20 3.0 40 50 6.0
t/min f/min t/min
Fig. 3 Reversed-phase mode chromatographic performance evaluation chromatograms on
Sil-IL-AMC18-CI(A) and Sil-IL-AMC18-Tf,N(B)
Peak 1. uracil; peak 2. phenol; peak 3. 4-chloronitrobenzene; peak 4. naphthalene.
V(CH,0H):V(H,0)=80:20(A,, B,); 75:25(A,, B,); 70:30(A,, B,).
Table 2 Column efficiency data of 3 columns under reversed-phase conditions
Tailing factor Theoretical plate number/m
Compound Sil-IL-AMC18-Cl ~ Sil-IL-AMC18-Tf,N ~ XDB-C18  Sil-IL-AMC18-Cl  Sil-IL-AMC18-Tf,N ~ XDB-C18
column column column column column column
Uracil 1.004 1.202 1.400 19053 22660 4160
Phenol 1.123 1.052 1.130 26007 29113 10807
4-Chloro-1-nitrobenzene 1.098 1.020 1.349 29333 33880 18460
Naphthalene 0.993 0.917 1.399 33067 37547 25260

222

52
5

FoREEHEA DI L & N FR I T, %5 T Sil-IL-AMC18-Cl # Sil-1L-
AMC18-TE,N [H 2 AHA7E 2 KA 28 (HILIC) F A4 dEfe . 76 HILIC 2 B AEaUR , (i [ @ AT 5 0 3
JR AR FR 1T R Mg AN 5 [ B AR ST 26, B 5 i sh A AL VI C . R, 8 i A i sh A
CIEMILLG, %52 T A7 HILIC AT 3 sl AH T A HUAE 4 L0 7 R A% T 2 o O R 4T R 1

AMC18-TEN [ 7E AR F ) B AR B s , UESA B0 [ E A BAT

f/min

12

(A) —»— Guanine
10k <— Hypoxanthine
Uridine
—¥— Adenosine
81 < —4A— 2'-Deoxyuridine
AN —e— Uracil
6 - \\ —=— Thymine
N
4 o :
- —— R
2L ———
| 1 1 l
90 85 80 75

ACN volume fraction(%)

. M 4 0] LIFE H, & i sh A0 T 206 He ) i s 0, 15 43 25 ) 5t 7E Sil-1L-AMC18-C1 F Sil-1L-
fig,

BRI HILIC £535 5y Btk
12 -
B) —»— Guanine
10k <— Hypoxanthine
Uridine
—v— Adenosine
8- —a— 2'-Deoxyuridine
—e— Uracil
6 —=— Thymine
4 -
2k

ACN volume fraction(%)

Fig. 4 Effect of acetonitrile volume fraction in mobile phases on retention of 7 base nucleosides
in HILIC chromatographic mode on Sil-IL-AMC18-CI(A) and Sil-IL-AMC18-Tf2N(B)
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PR A HUAH LR A A [R5 2 P B R BRA TR, DT 1 4% 2 B 0 o ) ) 4 B

223 RPLC/HILIC &34 & i T Sil-IL-AMC18-C1 1 Sil-IL-AMC18-T£,N [#] 5 AH7EAS [|] il 3 shAH 1A 52
PRI AR [F 2 At DRI LA 2 11 20 mmol/L FBRSEK VA IRAE i shAR , 1 ol 2s ik shAl v 2 1
PR BT T 8 PRI ERET /0 F 0405 . AN S Bt , BEZE LA G & s RIS, SRR
T (5 AR LA T AL A ) 7E Sil-IL-AMC18-Cl F1 Sil-IL-AMC18-Tf,N A1 I f4 {5 58 B i B A1, 2300 i st 750
() HILIC o iS5 X PR B FRAE s 52 AR, i shiE D O & EREAK, skt T (4-fi 20K | ZEAR
1y ) ) O BA 35, I HH LAY ) RPLC @A OR B ARAIE . Rt , 7 Sil-IL-AMC18-C1#1: 1 Sil-IL-AMC18-
TENFE ARG FT R AT S2 3 RPLC/HILIC HR A2 Bkt

45

(A) -@-Uridine (B) —e— Undine
—»-Adenosine —»— Adenosine
4.0 - 2'-Deoxyuridine 4.0 2'-Deoxyuridine
~-Uracil ~ ~&— Uracil
35 Thymine 35 Thymine
E ~4—Naphthalene e —A— Naphthalene
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Fig. 5 Effect of acetonitrile content in mobile phases on retention of 8 compounds with different polarities
in mixed chromatographic mode on Sil-IL-AMC18-CI(A) and Sil-IL-AMC18-Tf2N(B)
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Fig. 6 Chromatographic separation of 6 anilines on Sil-IL-AMC18-Tf,N column(A) and XDB-C18 column(B)
Peak 1: aniline; peak 2: 2,6-dimethylaniline; peak 3: 4-chloroaniline; peak 4: 2-nitroaniline; peak 5: diphenylamine;

peak 6: 2,4, 6-tribromoaniline.
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Table 3 Tailing factors for the separation of 6 anilines on Sil-IL-AMC18-Tf,N column and XDB-C18 column

Tailing factor
Compound

Sil-IL-AMC18-Tf,N Column XDB-C18 Column
Aniline 0.978 1.054
2,6-Dimethylaniline 1.077 1.274
4-Chloroaniline 1.033 —
2-Nitroaniline 0.968 —
Diphenylamine 0.885 1.386
2,4,6-Tribromoaniline 0.837 1.482

* On the XDB-C18 column, 4-chloroaniline and 2-nitroaniline didn’t have tailing factors because their peaks overlapped.
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Fig.7 Comparative chromatogram of 9 consecutive Fig. 8 Chromatographic separation of 8 base nucleo-
separations of 6 anilines on Sil-IL-AMC18- sides on Sil-IL-AMC18-Cl column

Tf,N column
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