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Abstract: Hyperbranched polyglycerols (HPG) represent an emerging class of dendritic polyethers
characterized by a highly branched, three-dimensional architecture and a multitude of terminal
hydroxyl groups. This distinctive structural configuration confers exceptional hydrophilicity, bio-
compatibility, and a high density of modifiable surface functionalities, thus establishing HPG as
highly promising materials for the development of advanced chromatographic stationary phases. Their
application is particularly relevant for the separation of polar and hydrophilic analytes, which has
long posed a significant challenge in conventional reversed-phase liquid chromatography. The in-
tegration of such hyperbranched polymers with robust inorganic substrates, such as silica gel, has
recently gained traction as a sophisticated materials strategy. This approach synergistically combines
the superior mechanical strength and pressure resistance of the inorganic matrix with the rich surface

chemistry and tunable hydrophilicity of the polymer, thereby addressing critical limitations of
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traditional stationary phases in hydrophilic interaction liquid chromatography (HILIC) applications.
In the present study, a novel HILIC stationary phase, designated HPG-Sil 3, was synthesized through
the in-situ ring-opening polymerization of glycidol monomers from the surface of aminopropyl-
functionalized silica microparticles. The synthesis commenced with a meticulous silanization step
to graft (3-aminopropyl) triethoxysilane (APTES) onto the silica surface, thereby introducing a
uniform layer of primary amine groups. These amine functionalities served as initiation sites for the
subsequent grafting-from polymerization, ensuring the formation of a covalently anchored, robust
HPG layer. This covalent immobilization strategy is critical for mitigating stationary phase degradation
and polymer leaching under prolonged chromatographic use, thereby guaranteeing long-term op-
erational stability. The successful fabrication of the HPG-Sil 3 material and its physicochemical
properties were thoroughly characterized using a suite of analytical techniques. Elemental analysis
indicated a substantial increase in carbon and hydrogen content post-modification, providing
quantitative evidence of organic polymer grafting. Fourier-transform infrared (FTIR) spectroscopy
further corroborated this result, revealing signature absorption bands associated with the stretching
vibrations of O-H and C-O-C ether linkages, which are characteristic of the HPG polyether structure.
Thermogravimetric analysis (TGA) demonstrated the material’s excellent thermal resilience, with
the onset of HPG decomposition occurring above 200 C, a temperature window far exceeding the
operational range of typical HILIC analyses. Textural properties, evaluated via nitrogen physi-
sorption, showed a predictable decrease in specific surface area and pore volume relative to the
unmodified silica substrate. This reduction is attributed to the partial filling of the mesoporous silica
network by the grafted HPG chains. Importantly, the material retained a sufficiently open porous
structure to facilitate efficient mass transfer of analytes during chromatographic runs. To system-
atically investigate the chromatographic behavior and retention mechanism of the HPG-Sil 3 phase,
a set of model polar compounds, including thymine, uracil, hypoxanthine, and adenosine, was
selected. The influence of critical mobile phase parameters on the analyte retention factor (k) was
examined, including the acetonitrile (ACN) content, the concentration of ammonium acetate buffer,
and the buffer pH. The observed retention trends were unequivocally indicative of a dominant HILIC
mechanism. A pronounced increase in retention with increasing ACN content was observed for all
analytes, consistent with the enhanced partitioning of solutes into a water-rich layer immobilized
on the hydrophilic stationary phase surface. Conversely, an increase in buffer concentration led to
a decrease in retention, a phenomenon explained by the competitive adsorption of buffer ions with
the analytes for polar interaction sites on the HPG layer. Furthermore, the retention of ionizable
analytes, namely hypoxanthine and adenosine, was demonstrably influenced by the buffer pH, as
pH variations alter their ionization state and thus their overall hydrophilicity and interaction strength
with the stationary phase. Under the optimized chromatographic conditions, all four model analytes
were baseline separated within a 10-min runtime, exhibiting excellent peak symmetry and high
repeatability. The practical utility of the HPG-Sil 3 stationary phase was further demonstrated through

the efficient separation of alginate oligosaccharide homologs with degrees of polymerization (DP)
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ranging from 2 to 7. The elution order followed increasing DP, which aligns perfectly with the HILIC
retention principle, as larger oligosaccharides possess more hydroxyl groups and exhibit stronger
hydrophilic interactions. The stationary phase also demonstrated remarkable operational stability,
with no observable changes in retention times or chromatographic efficiency over 10 consecutive
injections, underscoring its robustness for routine analytical applications. In conclusion, the HPG-
Sil 3 stationary phase synthesized in this work exhibits outstanding hydrophilic separation per-
formance, a well-understood HILIC retention mechanism, and excellent long-term stability. These
attributes position it as a highly competitive and promising material for the analysis of a wide array
of polar compounds, including nucleosides, carbohydrates, and polar pharmaceuticals, across
diverse fields such as metabolomics, biopharmaceutical analysis, and food chemistry. Future re-
search will focus on the precise control of polymer parameters, including molecular weight,
branching density, and post-functionalization, to fine-tune the properties of the HPG layer for
tailored selectivity towards specific applications. Furthermore, a systematic evaluation of its per-
formance using complex biological and environmental matrices will be conducted to assess its
practical applicability.

Keywords: hyperbranched polyglycerol; hydrophilic chromatographic stationary phase; hydro-

philic mechanism ; alginate oligosaccharides

i WS — B E N h R IR R 2
B ELAT L R I R T B S R A
Bt R0 RURS G R0 I A o A S — R £ AT 4
AT DL AR B AL AR ) A SR, A R A TR
TR BERCPE R AN S B WL AR R A A R BRI T
FE S M TR R . e i B B (alginate oligo-
saccharide, AOS) J& #3 3 B (Y B ff% 7= 9 . A L T8
B, AOS B AT AL 5 0 40 BA M BE b R B
SR SR ALK G T BE SE A TE R TR . R AT
IKEEPER AR ZE T AOS 7E i i Atk dh (B2 2 A
HUAE R Ty R B i S5 4 7l 458k iy 97

MR Z IR W], AOS & H il & B 1 2 (gulu-
ronic acid, G) 1 H & ¥ [ 2 (mannuronic acid,
M) FEARR A A X G SR B Y 2 0 I
SEBE AT LA 15 45 8 s 1 U %) Ik AR R L AR R R A R
TE A G VS R e Pl M B AR A ) H R
T T2 S Wl LA DR P P 22 R e W Th B L T L H & b T
T2 SE AT A Wi SR B T R AR LA K I i w4 2
U ERAE R 2~5 19 AOS T L RAE N
5 1) AOS X8 P A0 M R B B UM AE 2 R A
FE/) AOS AT A R 52 T 1l 7% v s % 5 s 2R 1 I [
DL KA I B A 5 o, B s AR P ke
H i, 1% 50 09 6035 43 85 07 6 A0 B 28 4 A4 L BE I
B % SF TCE S B A M S AOS,
B T HAE S F K LB O T 3RS 4L oy

o ZERGEIT ) AOS, JF M B LA M-I RE L R
AR E AOS B i b BERTHET . SEAKAE i
(HILIC) K 4F R FEME R AL G W 1 40 g e A vh 48 3] T
]z ORE . HILIC DR M [ 5 A AL Lo 1A HILAH -
TR AHTR A it Sl AH by R a5, 32 O I A [ A R
i 7K J2 MU 8 A0 2 (8] /9 A BAE AT e Bt
2 48 1) AR (35 AH FL L 2% 7K AR A 603 B3 5 49 B A
TEAL &P, BE 08 £ it 55 S AR €5 35 K [m] (Y 45 5 ik %
PR o X T P R ) o S S L K AR T B
BE S I 1 A B AR .

8 57 Ak B H il (hyperbranched polyglycerol,
HPG) /& i Hlid o 28 & S5 810 & F R G
Y. HPG LU il o8 FEAS G548 BT il 2 35 3k 22 (] /Y
45 B N Y B B S A ST AR AR fE R
A b B, H I A R S B R AR R, TE B
R B (1) S RN I 2 A5 2y A B 4 1
Jo a5 AR B BOIR 25442 . B, HPG FE /K AR
Z R A AL R B R R o e oy T 3R
TR DA 50 ) o 2 K3 G v B I 3 PR A ) e AR v T o

AWFFER ] HPG 1Y & 256 7K A A B AR 25 1
B IR T —Fh B 8 HPG I fig Ak A 1k [ 2 A
(HPG-Sil) . % [ & AH 38 4 — 4 1 ik 3 10 ) Ak 5t ik
5 HPG [8] /)R A B, I8 LA & % 7 58 oy
T WA HPG £ 8E, 52 Th [ 2 AH 2 2K 1 F0Jr 2
PERE , JFK HPG-Sil W T AOS 43 B . A#F5E N



- 376 - 1,

i % 44 %

Al L — A AOS 1Yl £ K 45 - g S
BT SR (4 75 ik FEOR SCHE L [ R R T HPG
T 185 RO (T AT A9 R T

1 TLWESH

1.1 UEIAF SR

3200L A, 3% 4 ( K% A R 5 23 B AL 2% A PR A
A) ) ; STA449F3 A 43 H{ (TGA, % [ Netzsch 23
A ) 3 SUB000 47 A& 5f 49 4 v ¥ & il 4% (SEM, H A&
Hitachi Ltd /A 7 ) ; Tecnai G2 Spirit % 5} H1, T i %
5% (TEM) \MULTIFUGE X1R & 3 % % 55 .0 L (£
Thermo Fisher Scientific 2\ @] ) ; Spectrum 3 {#

T A #2046 % 15 L (FTIR, 2 [E PerkinElmer In-

struments 7\ 7] ) ; Vario EL cube JG 2 73 #7143 (f&
Elementar Analysensysteme 2\ @ ) ; ASAP-2020 %
S Y (26 B Micromeritics 23 7 ) ; DZF-6020
2 TR (RS 2 e & AR A A o

FERZ (5 pm) 1 T 75 JH A0 s i 4 A PR 2 ) 5 i
B Cai gz 97%) (4K H ol (L 97%) 4y T 1 (4A)
Yy T b BT T A AR B 0y A BR 2 w5 e e
WE DR WE R B IR R (A5 2, 1 Tt J&K
FREARA R &K (a3 ai) PR (o Hral)
Pt (a3 ) IR o (i o) (P9 IR (6o i 40) i 2
(fa e ) fHA 5 T (AIBN, 4l % 98%) 41 F I
g 2 s MR AL B I s AT BR A Al O (g 4l 5
TooK O (a5 el ) W F Ll R B A RA A
iy T S e [V R A o A R R AR

OH

S
ONa
Methanolate Glycidol toluene
R oy —XC0 loHene.
2 =4 N5, 110°C
OH ONa ’

OH

[l

O  OH O OH
Proton transfer
OH o e OH
Y

Hyperbranching

1.2 SEEBEKEERE HPG-Sil Bl &

HPG-Sil 3k i i & o 2 WA 1. B 5.0 g Ak
J6E T v £5 R v iR ML 6 AL 24 h, i 98 S K e =
P, T 80 CHLK T4 h T i 1%

¥ 4.0 g 15 1058 4 1 fE A 250 mL BeJf
EASSA T A 45 mL B A 2.16 mL HI 44
VW, 5 min ARAF S BRI IEAE S R L
250 r/min it £ 30 min, i 3€ , 3 H 100 mL Jo 7K H
P FN P R PRV . REMRAE 100 CF %5 T4 30 min.
ERSSSAT A 48 mL T4 )5 H KR 16 mL 4
AKCH T, B A PR B A B TR . B TR R AE
110 CF L) 300 r/min i $f 40 min, if i G4 He4h 3
385 U b ok U8 MR B KR B R g 2o D
BRTE 60 CF Tt %, 15 211& 4 1 2 HPG 119 [&
E A HPG-Sil 1. HE LI AR, B2 EMm 3 2
HPG 1% [# % 1 HPG-Sil 3,
1.3 BigFmEE

25 A AT AL BE . FHOJC K Bl s A T
VDL TR

AT s ais i ma f2 T 138 g |
Wl % 1 HPG-Sil 3 [ 5 #8743 5T B R b, L
FH 5 g TR 98, 76 50 MPa OB [ o A 3 75 21 R 55
B4 (150 mmx4.6 mm, K 3% 4K F) 45 o0 B AL 5 A PR
o) R TH R ) 9218 B %2 40 MPa 4k +F 30
min J5 AR, KSR BR N 0 J5 8F T ik,
WS DR A5 R B 5, 38 D 0f AR, i SR AR R -
1.4 Hmbl&E

iy P v W | DR W BE UK B WS LR T 4 AR 1

Na ONa’

L S

OH
OH OH
OH
rl\/\l\j S
0 HO

Add monomer ONg
— OH
O

/j/ Polymerization
HO Na'

OH

@ s
o/j/

1 HPG-SilMI& K HL
Fig. 1 Synthesis route of HPG-Sil



5 4 1]

G P S, A T R 2 O i T AR 1 T X e 9 S S ) 2 5 1 - 377 -

Al 4 B AR HC 0.3 mg 8 H % f# T 10.0 mL i -7K
(85: 15 ARFR L), 28 0.22 pm f L 38 B8 it 0g 5 45
S BRAERE ST

FREL 2.5 mg AOS # fh #8875 % i T 10.0 mL &
N -7K (85: 15 R BLEL ) H , 28 0.22 pm flFL U8 B it %
JE 35 AOS FE S A

2 #R5WE

2.1 HPG-Sil EEHH R

i o Z0 AN SR AE 75 1 % HPG-Sil 3 [ 5 46 2% 1 B
AE 41 45 ¥ BE AT 70 7 o 7E HPG-Sil 30 BR 19 21 b &1 3%
H(E 2),2953 ecm™ 12 890 em™' &b (i X i C-H
S RO R A 40 I Sl RO BR A AR IR Bl T R GG
fik BR 1 21 40 1 3 o ) 3 A S SRR AR Y B . 2
16 5 H o h & A R & kB (C-O-C) Rl JE (C-
OH). I 2 ¥ 75 HPG-Sil 3 7E 1 000~1 200 cm ™!
b B 2T AN YR 5 BB HPG 40 7 C-0 #ii £
DL b 2180 5 3 25 2R 3% W S Ak 58 H il 7 fk Bk 3R T
) B ) H2 A% o

——HPG-Sil 3
—si0,

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

B2 Si0,#1 HPG-Sil 3 K45 St itk &
Fig. 2 FTIR spectra of SiO, and HPG-Sil 3

TR T R AR R R Tk s 0 A R
il 5 e 2 B T ] 52 A G 43 BT 0 14 R R R R L R
FH T2 3 AU B2 A AN TR 2 88 HPG fEBR R i) C H
LR GEMEATIE SR EW(F 1) ,HPG-Sil 3 ¥
B B2 Si0, i 20 f% , HPG-Sil 3 (& % & 2 Sio,
9 1.8 A, DA ik il W 52 Ak 3R H vl 2 R B 7E A
& Z% 10 . HPG-Sil 3 /) 3 1 # 5 fF & HPG-Sil 1 1Y
2.3 fix, Ui B HPG-Sil 3 [# & A H A 5 5 (1) HPG

N T AESE HPG 78 HPG-Sil 3 [ 4 F 1y
HEA SO, R TGA X k47 #E 43 Hr , UL 3.

®1 Si0, MR REE L HPG-Sil B E 8 # 7T R 9
Table 1 Elemental analysis results of SiO, and silicon
spheres grafted with different layers of HPG-Sil

Elemental contents/% Surface cover-

Analyte C H age/( pmol/m?)
Si0o, 0.25 0.367 /
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Fig. 6 Chromatograms of analytes using different station-
ary phase chromatographic columns

Mobile phase: acetonitrile-water (85: 15, V/V) ; flow rate: 0.6
mL/min; column temperature: 35 C; buffer salt concentration:
40 mmol/L; pH: 7.5; detection wavelength: 254 nm.

Peak identifications: 1. thymine; 2. uracil; 3. hypoxanthine ;
4. adenosine.

2.3 HPG-Sil3 EEHBIZEITHMAR
231 RHMEFLEFEEES T HEE NP E

R IR VA R 3 00 RS X 3 AT ) B Ok BR A Y
Wi o L R g E DR P E YK R RS AR T O A
Y, W58 T O Sh A R 4B A A M b W A
HPG-Sil 3 [# & AH E R AT o Gl 7 fros Bl
A AT S S RN 3 B W AE [ E AR R
I E A ke 5 BTG S SRR ECR 85%
B, 0 BT 90 B4 43 5 N B I ARCBR e R . X
PR Ay il 5 3 50 AH A LI 350 T o A R B30 o, A
AT 5 HPG-Sil 3 [ 5 A 2 11 B4 B 4 35 A LA B K
J2 Z 18] (9 A EL AR R4 0, 07 BA 38 5, 137 & R K PE

O B
2.3.2 R E AR & 3k E ar HPG-Sil 3 & 4R
AT K i %

75 HILIC LT, Ui 8l AR rb 82 o 2 0 9k J3E X A
YA & Yy 0 O B T B & W AR B AT D 2 R

—=— Thymine

1.0 ;
—e— Uracil
—4— Hypoxanthine
—v— Adenosine

0.8

~=

0.6

T T T T T
65 70 75 80 85
o(ACN) /%

E7 ZEERSHIHFTYEHPG-SI3EEHLLREEFH
#m
Fig. 7 Effect of acetonitrile volume fraction on the reten-
tion factors (k) of analytes on the HPG-Sil 3 sta-
tionary phases

FE S o 2% vk Ok R 45 5 B W A 3 AR A E
€ AH 2 1 K JZ Z 18] 43 e DL K43 B i 5 T E A
2 1) 4 FL o7 P FE 25 20 7 M Tk 0 A 4 10 £ 18
JoT A B PR L AR SCRIR S AN R VR B 1 H R i 2 o
WX HPG-Sil 3 43 Bk e bR e S 52 o . 14l 8 7T
D, X6F T iy g s | DR BE | YR BT R, IR B
PR - 34 B 5 It 3l R rh FE R 4 vk B A 15 hm T 4 5
J2= R B A O 2 AH v 28 b R R R R B L 28 vh R 2
I [i] 7 AH 2w K 2308 1 0w K2 SR Kk
AT 338 5t A A 5 BT ) O P O 8 v 40 B L VS BT P U
H0 WS 55 A T L BB AR b — B, BT A i 0 AR IR
AT BE LR [ B, Bl B 22 o 6 o B 9 42 & L 3
TU B AR R R B BN T AR ] R Y T
FIE Jfif 06 B AR A, DA A B 0l 3 0 R (VR i R
RO o PR U Bl A b A R 22 i vk RE T 1 5
HPG-Sil 3 [ 5 A5 X B 20 BT 0 10 O B
2.3.3 iz 4 pH £ x HPG-Sil 3 B = # & 4T 4
ty %

TE HILIC & x0T |, i sl A pH {8 23 e 722 [ 2 A
I T 1 R far DR S, DT S M Al Fi [ 58 A 54 LI
JoT 22 [va] 1 e r A B OO 5 L SR ), 8 1 52 e 3
By 0 A B8 PR 224 [ 5 AR 5 0k 4 B 9 i A
fap AR TR, B TR HERAE R, o T DR B s
AEEES s R 2 WA R SR . AR LA ST R W S A R
MG -/K (85 15, B L ), HY IR i ¥R 1 5 40
mmol/L, #F 5% T i s Al pH 7£ 3.9.4.7.5.5.6.5.7.5
B A P A AR B AT A s, s 9 PR 7R
HPG-Sil # I+, % Bk % Ui 20 A pH A3, g e s



- 380 - 1,

i % 44 %

—a— Thymine

20 —e— Uracil

7 —a— Hypoxanthine

—v— Adenosine

1.6

_~=

1.2 4

0.8 4

0.4 - //

T T
0 10 20 30 40
c(Ammonium formate)/(mmol/L)

8 MHBEPHRBRERENSMPEHPG-SIIIEEHRLELH
=10
Fig. 8 Effect of ammonium formate concentration in the
mobile phase on k of the analytes on the HPG-Sil 3
stationary phase

BE (pK,=9.9) JRMEIE (pK,=9.5) JR 1 (pK,=13.2) il
KRS (pK,=8.7) I & B3 A 38 52 3LAS Wy 1= 7+ 1%
Y pH H & WG 0L T, B B & 0 B R
ROy B R B pH E I A, [ 5E AR 2R T 0 52 Ak
SRR R (AR S A AT RS R
S8 2 AH 5 40 A 4 2Z T Y B - 32 AR FH 3G o DR
ST/ R Al PS =W N TR ) W N A bR & - |
I, 78 HILIC #2XF |, % P 23 A 9 76 18] %2 41 HPG-
Sil 3 | f A2 HAE ik sl AH R0 [ 22 AH 2 143 e A4
N - A2 A A [E] 52
2.3.4 HPG-Sil 3 [ & 48 4 & ¥ A 4 69 L 32
H HILIC £ f8 AL A 2 5L+ 20 7 90 £ [ 2
AH b 0w K Z TR S AR [ A3 B . AT BT

—a— Thymine
204 —eo—Uracil

—4— Hypoxanthine
—v— Adenosine

0.8

T T T T T T T T
35 40 45 50 55 60 65 70 75 80
pH
B9 MBENEE R pH X ST 7E HPG-Sil 3EEE E kM
Fig. 9 Effect of the mobile phase buffer pH on k of the
analytes on the HPG-Sil 3 stationary phase

8 7K J2 A Sh AH 43 BiE 28 BIOA [0 S 0 43 8 Y, R
7RG BE AT AL B A R AR A n = (1) s >

lgk = A - So (1)
XA RHEEGE HIEB R R K TS MG 1g k
XF @ L AE LA I i e 0 AR o S U Bl AR TR R
TR (KO AR 53 (%) o

L/ IR K DNE 2 OV K LA (RS | A8
5 45 RN BE VL AL T A RS . IS R 4 R OK a3
(o BILEE A A IE AR 0 % 1 W BT AL RS i ML
o FEAE W BRHVE A B AR A, = (2) TR

lgk =B - nlge (2)
Xfon R 1g k XF 1g @ LRk 40LA B il 28 1 Ak R

76 HILIC €& 3% rf i) 22 5 % FE AL 32 /T [ e
FHFRETE B T8 KR, 73 0 W 76 8 7 A0 2Z 0] £F 7
Sy B AR A T R A 2R AR A R — 3K
PE 43 A 4 5 18 5 A 3R T 22 ) 7 10 3 A7 7E B S5 AR
FH o iz B AR v 43 B 1 1 O B DR 5 O Bl A
IR 2Z R 56 R A (3) frR Y

Ink=a+ by —clng (3)
K ca — MR H B b 5 TR E A AR
AHOC Y FR B ¢ 2 9 T 5 ¥ 50 22 (8] 0 A AR FH AR G
R EL

T Sl A K S AR S R S B 4 AR R ) R
PR, L o 78 Ak 2 52 W) I Sl R A R S L AT
SR S BT 5 R K2 T I 4 B RN 5 2 A )
8 2 BRFAE T DR /0N o A R o 1 R B8 ERL RO 3l A
KRR 56 &, BE9E HPG-Sil 3 [ 52 A1 45 B W b
s o S B ML B ol FH 43 W R T 22 B AR B AR AR
RUXE 4 Pt M Ar o S OR B8 BT 5 0 s A R oK
T E A LW E 10 Fis .

4 PR M bR AE R S B PLER LIS R B 7
0.979~0.998, W Fff HLFE =] 9 R %L +° 4 0.954~0.989,
Z H AR B ILELA E 7 KT 0.996, 36 B ) 1 #E
i £ HPG-Sil 3 [ @ M X M IR R A5 & 2 &
TR HLEE BEAT €6 1% 4 i WLBE , SOAT LA A AR
oI o RN I E S N R () N
EH .

2.4 HPG-Sil3 E®REREES B A

AL B9 43 85 40 T, HPG-Sil 3 #7055 4 3 i
SERRM S B AN E 11 FoR o 454 SCik[29,30 ] i
3% T A, HPG-Sil 3 [ 32 A 78 55 KA T B 4
BN RG N 2~7 BRI ZENE . HPG-Sil 3 [# & 4



54 05 S, A BT B 2 Y e T [ A 1 B KT e v T S R 1) 43 8 N - 381 -
0.2 -
a ®  Thymine 0.04 = Thymine 024, = Thymine
e Uracil ’ b e Uracil ) 0.0 ] e Uracil
0.0 4 4 Hypoxanthine 014 A Hypoxapthme - 4 Hypoxanthine
v Adenosine . v Adenosine -0.2 v Adenosine
\4 <4
0.2 - -0.4
o S0 Y o2 < ]
20 E= £ -0.6 1
1 -0.3 4 E
-0.4 -0.8
| '.::\\&_ 0.4 % 104 \\\‘\‘
-0.6 05 -1.24 ‘\'\\
! T T j T j T i T T T T -1.4 T T T T T v T g T
0.15 020 025 030 035 -0.8 -0.6 -0.5 -0.4 015 020 025 030 035
9 Igg 9

E 10 HPG-Sil 3B EHEFKEX THRE RS EIFMH

Fig. 10 Retention and distribution evaluation of HPG-Sil 3 stationary phase in hydrophilic mode mechanism investigation

a. plot of distribution model; b. adsorption model; c. multi-factors retention model.
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mized conditions
Numbers indicated the degree of polymerization.
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