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Preparation of chiral micro-packed high performance liquid
chromatography column with small-size silica gel coated
with amylose tris(3,5-dimethylphenylcarbamate)
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LIANG Yuntao, YUAN Liming’
(School of Chemistry and Chemical Engineering, Yunnan Normal University, Kunming 650500, China)

Abstract: The separation of chiral compounds using common dimension chiral chromatographic
columns consumes a large of mobile phase and a long time. This is mainly due to the fact that the
inner diameter of common chiral chromatographic column is usually 4.6 mm and the column length
is 25 cm. The larger column volume requires more mobile phase to drive the sample through the
separation process, and the longer column length increases the migration path of the sample within
the column, resulting in an extended separation time. Moreover, the common dimension chiral
column is filled more stationary phase which is usually expensive. The micro-packed column, due
to their structural characteristics, with inner diameters typically controlled and a few millimeters
and significantly shortened column lengths, show broad application prospects in improving
separation efficiency, achieving miniaturization of separation instruments, and reducing the con-
sumption of stationary and mobile phases. In this study, amylose tris(3,5-dimethylphenylcarbamate )
(ADMPC) was used as the chiral selector. Amylose molecules have a helical structure, and the size
of the helical cavity and the chiral environment can be regulated through substituent modification.
The introduction of 3, 5-dimethylphenylcarbamate groups can enhance the hydrophobic interaction,

hydrogen bonding, and # -7 stacking between ADMPC and chiral compounds, thereby improving
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chiral recognition ability. Due to its excellent selectivity and wide applicability, it has become a
research hotspot in the field of chiral separation. Two 10-millimeter-long micro-packed columns were
prepared by coating ADMPC on silica gel particles with diameters of 500 nm and 1.7 pm, re-
spectively, and were named ADMPC-1 (500 nm silica gel) and ADMPC-2 (1.7 pm silica gel). On
these two micro-packed columns, 23 and 20 racemates, respectively, including various types such
as alcohols, esters, ketones, and acids, achieved good separation effects. Notably, there are certain
differences in separation selectivity between these two micro-packed columns, showing a certain
degree of complementarity. Moreover, these two micro-packed columns also exhibit this
complementary property compared with the commercial Chiralpak AD-H chiral column. The most
significant advantage of micro-packed columns is the short separation time, most compounds can
be separated within 8 min, and many compounds can achieve baseline separation. Commercial chiral
columns, due to their longer column lengths, usually require 15-30 min or even longer for sample
retention time, and some compounds may not achieve baseline separation due to insufficient
resolution. The shorter column length and optimized small size silica gel of micro-packed columns
significantly reduce the retention time of samples and improve resolution, which is of great sig-
nificance for high-throughput screening experiments (such as chiral compound screening in drug
development ), and can significantly improve experimental efficiency. At the same time, due to the
reduced column volume, the amount of mobile phase used is also very small. Common dimension
chiral columns usually consume tens to hundreds of milliliters of mobile phase for one analysis,
while the micro-packed columns in this study only require a few milliliters or even less for one
analysis. This greatly reduces the generation of organic waste and lowers environmental pollution,
in line with the development concept of green chemistry. In addition, compared with common
dimension chiral columns, the amount of stationary phase in micro-packed columns is significantly
reduced, significantly lowering the cost; at the same time, it can also provide suitable column
dimemsion for the development of miniaturized chromatographic systems.

Keywords: high performance liquid chromatography; miniature column; amylose tris (3,5-di-

methylphenylcarbamate ) ; silica gel
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Fig. 1 Synthesis of amylose tris(3,5-dimethylphenylcarbamate) (ADMPC)
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Fig. 5 Chromatograms of chiral compounds on the ADMPC-1 micro-packed column
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Fig. 6 Chromatograms of chiral compounds on the ADMPC-2 micro-packed column
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Fig. 7 Influence of injection volume for the separation effect of 1-(4-fluorophenyl)ethanol on ADMPC-1 micro-packed column
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Table 1 Separation data of chiral compounds on the ADMPC-1, ADMPC-2, and Chiralpak AD-H columns under NP elution

mode
ADMPC-1 ADMPC-2 Chiralpak AD-H
Racemate

k, a R, k, a R, k, e R,
1-(4-Chloro)phenylethanol 2.06 2.20 1.17 2.67 1.00 - 0.86 1.04 0.49
Warfarin 6.71 2.34 1.06 9.83 1.79 1.38 0.55 1.89 2.31
Ibuprofen® 2.07 1.68 0.85 2.86 1.00 - 0.71 1.00 -
3-Benzyloxy-1,2-propanediol 2.12 1.91 1.02 1.85 1.00 - 2.24 1.04 0.70
Bupropion hydrochloride 2.10 1.84 1.22 3.77 1.81 1.03 1.93 1.00 -
4-Chlorodiphenylmethanol 2.09 3.2 1.67 2.78 1.94 1.31 1.65 1.14 2.01
Cetirizine” 1.76 1.91 1.08 1.88 1.00 - 1.42 1.26 2.73
1-Phenylethanol 2.02 1.88 1.09 2.94 1.79 1.34 0.83 1.00 -
1-Phenyl-1-butanol 2.06 1.93 1.05 2.86 1.54 0.73 0.75 1.00 -
1-Phenyl-1-pentanol 2.07 1.61 0.61 2.89 1.00 - 0.73 1.00 -
4-Phenyl-2-butanol 2.22 1.85 0.91 3.1 1.68 1.17 0.71 1.09 0.84
4-Methyl-1-phenyl-2-pentanol 2.07 1.63 0.71 2.96 1.00 - 0.58 1.00 -
1-(4-Methylphenyl) ethanol 2.02 2.15 1.05 2.81 1.00 - 0.86 1.11 1.16
2-Methoxy-2-phenylethanol 2.01 1.64 0.82 2.34 1.00 - 0.91 1.23 2.70
1-(4-Fluorophenyl) ethanol 2.02 2.12 1.24 2.82 1.99 1.25 0.83 1.00 -
1-Indendanol 2.42 1.00 - 2.87 1.95 1.23 1.19 1.08 0.62
4,4’-Dimethylbenzoin 2.07 1.9 1.30 2.67 1.00 - 5.09 1.09 1.43
4-Methyldiphenylmethanol 2.07 1.00 - 2.86 1.8 1.05 1.65 1.14 1.48
1,2-Bis(4-fluorophenyl)-2-hydroxyacetophenone 2.04 2.14 1.42 4.53 1.35 0.56 4.36 1.10 2.09
Methyl mandelinate 2.04 1.00 - 2.72 2.55 1.58 1.92 1.08 1.56
Ethyl mandelinate 2.01 1.00 - 2.74 2.16 1.31 1.66 1.12 1.80
1-Phenyl-2-propanol 2.05 2.04 1.06 2.79 1.81 1.07 0.78 1.11 0.39
4-Bromo-a-methylbenzyl alcohol 2.10 2.31 1.18 2.89 1.95 1.36 1.07 1.05 0.27
4-Fluoro-a-methylbenzylamine 2.19 1.91 1.25 2.36 1.00 - 0.62 1.29 2.51
1-(2-Fluorophenyl) ethanol 2.05 2.03 1.12 2.77 1.72 0.97 0.89 1.05 0.23
1-(2-Methylphenyl) ethanol 2.06 2.02 1.25 2.78 1.72 1.20 0.69 1.18 1.22
1-(3-Bromophenyl) ethanol 2.12 1.00 - 2.92 1.79 1.11 1.04 1.00 -
2-Phenylpropionic acid 2.27 1.00 - 2.92 1.47 0.52 0.93 1.22 0.42
1-(3-Fluorophenyl) ethanol 2.05 2.09 1.02 2.54 1.97 1.23 0.86 1.00 -
Fipronil 2.03 1.00 - 2.83 1.94 1.18 0.54 1.00 -

Mobile phases: a) n-hexane-isopropanol-trifluoroacetic acid (90:10:0.2, V/V/V); b) n-hexane-isopropanol-diethylamine (90:10:0.2,
V/V/V ); -: inseparable; k, : retention factor of the first enantiomer; «: separation factor; R_: resolution.

BN . PR R AR R KRR AT ADMPC-2

AU SEL T8 A6 A I BEAR 1947 45 -

2.4 REX ADMPC RE RS &MWHMEBEETHE

FHRSHFL

2.4.1 ADMPC-1 f{ & 3 7t 4%
FIGARER T A F] A 35 4 R EE X ADMPC-1 i3

R AL YR o PERE RS2 A o AN KT | Bl 4 3 7

FEIEE M 20 TTFE ] 40 T, 20 M 5 [E & A =22 18]

MOAH B AE 0SS, B TR, W, R

FE3E S IR E N ADMPC-1 BRI S M A fig R B
AR RE T
2.4.2 ADMPC-2 # A H % &

R T AFRE &M T, ADMPC-2 [ # 5
SNt Z B A B AR . R0 s R T 1-
B CBEAEAN AT IR B O B AT Sy, R B > 1 T
FER , 1-8 3 2B ) O B i) L AN AR sk 2 Rl 7
EARAET o Tk BBy e 5 [ AR 28
FRHE /N o T FE B — E 1 B S, AR I ) 1 i R (]



SRR B, A5 ELRETE A = (3,5- 7 HT REIR AR A 5L YR I ) Uk S0/ RUE B K )

7

o0 RICHRAR (2 % o R TP e A

- 803 -

i@

a
10 uL E
8 Ul =
6 ulL
4 uL 154
2 ulL
T T T T 0
0 5 10 15 20
t/ min

50 mV:|V
60 4

71 —e— Peak2

Retention time
—— Peakl
—o— Peak2
Peak area
—=— Peakl

1200

800

400

Peak area / 10* pV-s

)
{0

2 4 6 8 10
Volume of enantiomer / pL

8 ADMPC2RHEERHNS B I-XEZEMNEFERISBURNEMN

Fig. 8 Influence of injection volume for the separation effect of 1-phenylethanol on ADMPC-2 micro-packed column

100 mV]V

40 °C

35°C

in

0°C

25'°C

20°C

6 8 10 12 14
t / min

(=
o
a~

9 ADMPC-1HEEFZHABI1-U-REFEE)ZEMEENSH
HRH 0

Fig. 9 Influence of temperature for the separation effect

of 1- (4-fluorophenyl) ethanol on ADMPC-1 micro-

packed column
25 mV}

40 °C
35°C
30°C
25°C
20 °C

=

.10 15
t/ min

TILL

ADMPC2 B ERAH N BEI-XEZENBEXN I EHE
=4
opA|
Fig. 10 Influence of temperature for the separation effect
of 1-phenylethanol on ADMPC-2 micro-packed col-

E 10

umn

23 W6 A I 0BG g e /0N X AT RO YR BT
10 7 o B N N R (S T 7/ R =R K (Y S R S R B I
LT e A 3 Ot A
25 ADMPC $#HEKHEMNHMEERHEMNR
E M
2.5.1 ADMPC-1 # & 3 7 4

H 11 AT DL 2 A 51, ADMPC-1 f B 3L 55 %
Xf 1-(4- AL ) CBER R 73 RORBEACAAS O B 1) [i]
F0 T AL RSD 4351/ T- 0.93% F1 1.83%., 45 R
U], ADMPC-1 B 74 B R4 AR e Pk

100 mVJ

250 times

/\ 200 times
/ \\/ N 150 times
100 times
50 times
0 5 10 15

t/ min

E 11 ADMPC-1EEFHFSB1-4-HFE)ZBERNEENE
Fig. 11 Stability of ADMPC-1 micro-packed column for
separation of 1-(4-fluorophenyl)ethanol

2.5.2 ADMPC-2 f# & 3 7 4+

S 58 ADMPC-2 fft 8 31 78 A 9 e M L 3R AT
FEAE A €835 25 1 R AT S50 . i 12 AL 1R
OB Ry BT A 8 3 0 4 5 A AT AR A (A0 B AT
R o 1-ZR I 2O BE R AR BR B[R] A0 T LAY RSD 43 il
/NTF0.50% F1 1.38%, % B ADMPC-2 fif % 38 75 A HL



PRI ar-ar FH LA DL R 0B 1 B 1) 2550 07 7 g 8

- 804 - @ T 544 5
= 3 i

AWIE 5E B 0 AP AS [R) 6242 19 B i B /E ADMPC
250 times 1Y 25 K 1 45 [ 2 A7, J T HPLC 09 B4k & % 4
200 fiftes B Mo A B n ADMPC HI P Fh ok 42 Y BE R 35
—— i} H ADMPC-1.ADMPC-2 7 F 14 % 11 75 k|, fif 15
i s B P Bl GRS T AR X N TSR IR 2R TR 2R T
. BRI R0 B rEGe . T BE 2 B N F 1k

5 10

. 15
t/ min

El12 ADMPC-2HEEFZHS B I-FEZERNRES
Fig. 12 Stability of ADMPC-2 micro-packed column for
separation of 1-phenylethanol

A RIFRFRE T
2.6 imiEXT ADMPC B Bl MM B ETH
FHRS B

Van Deemter [l £k K7 L) 5 = 45 34 (6135 33 #2 19
By E e B H SREER LR, TG
T AT AEAS A I N PR R o AR SCAR 5 I 6 A 0k
ZHOHE H OIPWS S 408 (w) BRI, il 13 BF
7N, TE D S F) A B S LY 3R AS T ADMPC-1 (28 i
F kL ADMPC-2 18 ® 4 %5 45 19 van Deemter [ifj £
K, T fi# ] ADMPC-1 3§ A3 55 41 78 I 4 0.050 0
mL/min, B 0.050 2 mm/s i} 3K 75 # ik H, ADMPC-2
fil 8 B 8 BE AE 3 3 S8 0.040 0 mL/min, B 0.040 1
mm/s I AR AR Ho A SO A R0 A2 0 RE I, 53 9F
FRFE L H AR, AL B WA E . & 13 7T
THREF D] RN H BN S48 B B, A sl
REATE o OA H R FERCR A — A i A o, AL T
A FEMEBE 9 7 75 BN H O R BT A R fE

281 ADMPC-1
—— ADMPC-2

267 1.7 um SiO,
g
3 24]
ot
&
2
jo)
5 22 500 nm SiO,
=9

20] %

002 004 006 008 010 012 014
Linear velocity / (mm/s)

E13 BRSESKEEXRE
Fig. 13 Diagram of plate height vs. linear velocity

WM HPLC KR M A EEHE/EMN. S
Chiralpak AD-H F1:#:4f tt ,ADMPC-1 ,ADMPC-2
PR A B S S AR AT) AT 1 00 B R R R O R
4, ADMPC-1 ADMPC-2 W fh i 8 555 7o 4% B B
I 0 3% AR M . AR SCK ADMPC U B07E /N bR AR
RE S b £ i 8 3 e AT T T Pk HPLC 43 55 43 47
N FYEEGE S B AR TR R

S E Lk :

[1] Yuan L M. Chiral Recognition Material. 2nd ed. Beijing: Sci-
ence Press, 2020
FERE PR 5 ). e B R, 2020
[2] Li K, Xiong L X, Wang Y, et al. J Chromatogr A, 2022,
1679: 463415
[3] LiJ, LiuY, Guo Z, et al. CrystEngComm , 2024, 26(37): 5278
[4] Trapp O, Berova N, Collina S, et al. Chirality, 2024, 36
(3): €23657
[5] Zhao Y, Zhu X, Jiang W, et al. Molecules, 2021, 26(4) :
1145
[6] ZhaoSE, Yuan L, Luo X, et al. Chinese Journal of Chroma-
tography, 2025, 43(3): 269
RO, R, B A, F, @, 2025, 43(3): 269
[7] Farid N F, Abdelwahab N S. Microchem J, 2022, 183:
108048
[8] Oliphant E A, Purohit T J, Alsweiler J M, et al. J Liq Chro-
matogr R T, 2022, 45(1-4): 10
[9] GuCS, LiuZZ, Jin HL, et al. Chinese Journal of Chroma-
tography, 2025, 43(6): 650
WIREF, NER, &3%, 5. 61k, 2025, 43(6): 650
[10] Sapozhnikova Y, Nufiez A. J Chromatogr A, 2022, 1676:
463215
[11 Welch J, William H. Chirality, 2020, 32(7): 961
[12] Hyun M H.J Chromatogr A, 2018, 1557: 28
[13] Chai P, Geng X, Zhu R, et al. Anal Chim Acta, 2023,
1275: 341611
[14] Fouad A, El-Sayed D H, Salman B E, et al. Crit Rev Anal
Chem, 2024, 54(8): 309
[15] Ribeiro L F, Urban J. J Sep Sci, 2023, 46(15): 2300174
[16] FerraroJ M, Umstead W J. Molecules, 2023, 28(3): 1164
[17] Shuang Y Z, Wang H, Zhang T C, et al. Chinese Journal of
Chromatography, 2020, 38(4): 464
M, EHL, KRR, 45 @i, 2020, 38(4): 464

[



7

SRR B, A5 ELRETE A = (3,5- 7 HT REIR AR A 5L YR I ) Uk S0/ RUE B K )

o0 RICHRAR (2 % o R TP e A

- 805 -

[18]

Upmanis T, KaZoka H. J Chromatogr A, 2022,
463059

Berkecz R, Németi G, Péter A, et al. Molecules, 2021, 26
(15): 4648

Wu G. Polym Chem, 2022, 13(21): 3036

Gong W, Chen Z, Dong J, et al. J Chem Rev, 2022, 122
(9): 9078

Liu HL, Li Y N, Zi M, et al. Chinese Journal of Chroma-
tography, 2023, 41(2): 187

XM, A, T, L GRS, 2023, 41(2): 187

1673

[23]

[24]

[25]

[26]
[27]

Huang B, Chen J, Wang B J, et al. Chinese Journal of
Chromatography, 2024, 42(9): 891

Bk, BRIE, TR, % @ik, 2024, 42(9): 891

Huang B, Li K, Ma Q Y, et al. Anal Chem, 2023, 95(35) .
13289

Kotake M, Sakan T, Nakamura N, et al. J Am Chem Soc,
1951, 73(6): 2973

Hesse G, Hagel R. Chromatographia, 1973, 6: 277
Okamoto Y, Kawashima M, Hatada K. J Am Chem Soc,
1984, 106(18): 5357



