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Preparation of Pyysema Hydrophilic Interaction Chromatographic
Stationary Phase by Atom Transfer Radical Polymerization and Its
Chromatographic Properties
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Abstract Surface-initiated atom transfer radical polymerization (SI-ATRP) technique is an attractive polymer grafting, in
which the polymer chains with controlled molecular weight and molecular weight distribution can be obtained. The graft
density is controlled by the surfaces density of the initiator, and the graft chain length by the ratio of monomer to initiator or
the polymerization time. It plays an important role in the preparation of functional materials in the field of separation science.
In this paper, SI-ATRP of dimethylaminoethyl methacrylate (DMAEMA) was conducted on the surface of 5 um silica using
2-bromoisobutyryl bromide as the initiator and CuBr/1,1,4,7,7-pentamethyldiethylenetriamine (PMDETA) as the catalytic
system, a novel Ppyapma chromatographic stationary phase was obtained in DMF medium at 60 “C. The three stationary
phases with different chain lengths of the grafted DMAEMA were tried by manipulating the polymeric conditions. The con-
centrations of DMAEMA were changed but the polymerization time kept the same for three DMAEMA-grafted silica. For
the first one named as ATRP1, [DMAEMAY/ [initiator]/[CuBr]/[PMDETA] ratios were selected as 50 : 2 I 1 : 2, the second
(ATRP2), [DMAEMA]/[initiator]/[CuBr])/ [PMDETA] ratios as 75 : 2 : 1 : 2, and the third (ATRP3), [DMAEMA]/[initia-
tor]/[CuBr]/[PMDETA] ratios as 100 : 2 : 1 : 2. Three stationary phases were characterized by means of elementary analy-
sis. The synthesized stationary phases were evaluated in detail to determine its separability, effect of the content of water and
the salt concentration in the mobile phase on the retention of solutes. The stationary phases can effectively separate seven
nucleosides in HILIC mode, and the retention time of nucleosides have a positive relationship with increasing the chain
lengths of the grafted poly(DMAEMA). It was used for separation and determination of some nucleoside compounds in
Ningxinbao Capsule. Compared with NH, hydrophilic interaction chromatographic column for separation of these com-
pounds under the same chromatographic conditions, the separation efficiency is better. The results showed that the retention
of solutes was controlled by partitioning between mobile phase and a water-rich layer immobilized on the stationary phase.
The stationary phase has good chromatographic properties for separation of polar compounds.
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matographic properties
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Figure 1 Synthesis route of Ppyapma hydrophilic interaction chromatographic stationary phase
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B2 &R A YT Pomasmasi AE(A)FIZ AT (B) FI g
Figure 2 Chromatograms of some nucleoside compounds on Ppyagma-si
(A) and NH, columns (B)

Mobile phase: acetonitrile-ammonium formate (90 : 10, V/V); flow rate: 1.0
mL/min; detection wavelength: 254 nm; Column temperature: 25 °C. 1. Uracil,
2. Adenine, 3. Adenosine, 4. Uridine, 5. Inosine, 6. Cytidine, 7. Guanosine

t/min

B3 7 AL =M DMAEMA (44T 1 1 i 15
Figure 3  Chromatograms of 7 nucleosides separated by three
Sil-DMAEMA columns

Columns: (a) ATRP1; (b) ATRP2; (c) ATRP3. The chromatographic condi-
tions were the same as in Figure 1
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Figure 4 Effect of salt concentration on retention

Mobile phase: Acetonitrile-water containing ammonium formate concentration
varied (90 : 10, V/V); flow rate: 1.0 mL/min; pH=6.0; detection wavelength:
254 nm; Column temperature: 25 °C. 1. Uracil, 2. Adenine, 3. Adenosine, 4.
Uridine, 5. Inosine, 6. Cytidine, 7. Guanosine
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Figure 5 Effect of water content of mobile phase on the retention

Other conditions are the same as in Figure 1. 1. Uracil, 2. Adenine, 3. Adeno-
sine, 4. Uridine, 5. Inosine, 6. Cytidine, 7. Guanosine
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1. Uracil, 2. Adenine, 3. Adenosine, 4. Uridine, 5. Inosine, 6. Cytidine, 7.
Guanosine
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Figure 7 Linear plot of Ig k and lg Ng

1. Uracil, 2. Adenine, 3. Adenosine, 4. Uridine, 5. Inosine, 6. Cytidine, 7.
Guanosine

T4 B 22 AR TR T ok R R R I 3. A 4 e SE O AR,
B0 5 By AR Sl RENS). A% 2R ok L A
sy —, RAKIIE, BRI, wigof, #E) i
JINKR G SR 5 2 b 2B SRR SCHRIRIE ] RPLC 30 52
TR R P T A AR E R, (Hh TR
Y RAE RARAE EARFAIRSS, B ReE AN m. ACHBE
EEE@ Pomaema %7K@,IJ§%7]‘H§J\% T,E\EP E’]*ﬁﬁ‘%‘é%ﬁ
Yt T HA .
(1) 70 IR AT i 11 Kb 3t

IO ERENFYER, B 100 mL 06,
hn 60%Z. % 20 mL, A 10 min, 013 3 h, RGHEEE
250 mL AEITH 60% L85 E RBNZIE, B, B
(3000 r/min, 3 min), 0.45 um JEAERLIE, I/KEREZ
B, A AR, B 8B SRR B I I, SikRuE
an (B 8AKRT I, 3 MRS W Ul AT E ko &,
30N A RS, RIS AZ Y, SRR, AR iRy
HZRJT. VWIS L) Pomapwa SR K G HAT RIFH) 70
ErERe, WTHT T O FERE PR S Y5 5 Al
fk.
Q)T LERETZ TR UG EREINE

43 RS SRR 3 Pl AR UE L 20.0, 40.0, 60.0, 80.0,
100.0 mg, H4EiKE R, 2 100 mL s, &
KRZEE, FEAIECH RS0 0.2, 0.4, 0.6, 0.8, 1.0
mg/mL AR S F I 4.6 TR SR e,
O SV T, DA IR 9 B (mg/mL) B AA bR (X)), U T

R2 O HIMRIERNE T AR H R
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Figure 8 The chromatograms of the standard nucleosides (A) and the
extract from Ningxinbao capsules (B)

The chromatographic conditions were the same as in Figure 1. 1. Adenine, 2.
Uridine, 3. Guanosine, 4. Cytidine
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Analyte Linear range/(mgeL ") Regression equation Correlation coefficient (r) Detection limit/(mgeL ")
JIRVEENS 1.0~20.0 Y=0.01487+3.8854X 0.9997 0.25
PRUGEIS LT 2.5~70.0 Y=2.5030X—0.2785 0.9993 0.16
AL 5.0~95.0 Y=2.1432X40.009279 0.9995 0.34

Acta Chim. Sinica 2012, 70, 1725—1730

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 1729



W F F R

MR

AP 5y BRI SE . AESRAREE, 182 AR AT LU
Loy T ML R, s AT SRR AR R S )
oA TR,

4 SZIGERSY
41 RFI5{EE

LC-20AT = R AR (458 (H A ).

KAURERECRAR: 5 pm, LLRRL 60 mYg, P4l
F2: 300 A, P EBRE R 22 AL E D FRRIF ST IT); T
T LIEEEZ(PMDETA), CuBr(fb2#4l), 2-9R.5 T iR
(97%), F RN G R — F & L 1iE (DMAEMA), JRBEIE
JIRREERS ) JULEF, Humsme iz, IRy, PR, 9
WA AZ T, P A AR PR A ] TR AR,
T B b R 2k AT PR A .
4.2 FERRTRALIE

FREX 3.0 g REBZINA 60 mL 20% (V/V)fEERR, 7%
Smin, T-110 ‘C[IJE6 h, [RIFEE, AbO3HHhaE, FK
AR TE R, Ol NEISPE2 X, 120 CHEAT
18 24 h.
4.3 SARERIE &

B IR TR IR R S 100 mL PRSI, N
A 40 mL THEH2E, 875 10 min, 76 N, {47 F 2218350
5.22 mL y-Z A = CAUERERE, W se B ThER 2
110 ‘C/V 24 h. PSR, bt manng, 20 m PR
I & 2 ¥k, 120 CEAS 45,
44 2-RETHEHREAEERNTHE

W3 g THRAFIVENIERERR, 7381 24 mL TR
PUSRI Y, S BERE 1 b, FAEVK RN 2.3 mL =
ZM%, Bk 30 min J5, ZEWMA 1.5 mL 2-3R5F T EER,
Fi RN 24 h, PP DUERRIR . 280K . TN YEES,
60 ‘CILZ T4 24 h.
4.5 1EF;5 DMAEMA ElEHBIE K

IR 3.0 g WAREERAE b 51571+ 100 mL H.350f
o1, N 0.166 g CuBr, 1.5 mL PMDETA(TL 3t — 24
F=H, 5 mL FILNFR & LER(DMAEMA),
I 15 mL DMF {E R HI % IR A, a2
W, 60 C RN 24 h, 4S50 G20 5 —IREEmK,

1730  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

0.1 mol/L EDTA /K% iE, R85 M KEZAMK, LI,
WERYEE, 75 60 CEHZ T, RIS Pomapva o5
JKAE T €0, [ 5 A1
46 BILHMEERGILESY

FREL 3.0 g [E 5241, DLHEE AT, B i s
Jii, £ 40 MPa & /) LLH A TIUF AN 15 em X 0.46
cm. LD AL . WA E: L -HIRE K
VW UV R K 254 nm; 30 min 25 S0, AT
28 0.45 pm PEFL 8, HEREAARL 10 plL.
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