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* Fused-Core technology
was developed by

(1) J.J. Kirkland, F.A. Truszkowski, C.H. Dilks, and G.S. Engel, J. Chromatogr., Jack Kirkland.

A 890, 3—13 (2000).
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(2) J.J. Kirkland, T.J. Langlois, and J.J. DeStefano, Am. Lab. 39, 18-21 (2007). o)ﬁiiﬁﬁéa%ifiL A
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Porous layer

Manufacturer Brand PEIEE S thickness IR GIEERED Suzn‘ ace area  g,nged phase
(um) (nm) (m*g)
(pm)
Advanced
1 Chromatography UltraCore 25,5 9.5 130 C18, Phenyl-hexyl
Technologies
2 Advanced Mterials HALO 2.0,2.7, 0.2,0.4, 0.5, 9 16 40 100 120, 135, 15, C18, C8, Phenyl-Hexyl, PFP, Cyano, RP-Amide, HILIC,
Technologies 3.4,4.6 0.6 T 90 Pentahydroxy-HILIC, C4, Glycan
3 AkzuNobel Kromasil ClassicShelll 5 g 05 110 c18, C8
EternityShell
Agilent Technologies  PoroShell 1.9,2.7,4,5 0.25,0.5 12, 30 130 C18, C8, Phenyl-Hexyl, PFP, SB-Aq, Cysno, HILIC
5 Chrom4 Isosceles 2.6, 4.6 0.5, 0.6 9.5, 16 140, 90 C18, AQ, C8, C3, Phenyl-hexyl, PFP, Amide(HILIC)
6 ChromaNik sunshell 2.0,26,34, 0.2,04,0.5, 9,12, 16,30, 150,90, 40,15, C18, RP-AQUA, C8, PFP, Pnenyl-Hexyl, 2-Etheylpyridine, HILIC-
Technologies 4.6 0.6 100 22 Amide, C30, Hexafunctional C18, C4
Dr Maisch PeproShell 2.6 C18
Fortis Technologies SpeedCore 2.6,35,5 0.4 8, 16, 30 140 C18, C18-Amide, C18-PFP, Diphenyl, PFP, HILIC C8, C4
GL Sciences InertCore 2.4 0.3 9 100 C18
10 Knauer BlueShell 26,45 0.5 8 130 C18, C8
Ascentis Express/ 2.0,2.7,3.4, 0.2,04,0.5, 120, 135, 80, C18, C8, C4, RP-Amide Phenyl-Hexyl, Biphenyl, Cyano, PFP,
11 Merck (supelco) BioShell 5 0.6 9,16, 40, 15, 90 Pentahydroxy-HILIC
12 Macherey-Nagel NucleoShell 2.7 0.5 9 130 C18,Phenyl-Hexyl, PFP, HILIC
13 Nacalai Tesque CosmoCore 2.6 0.5 9 150 C18, Cholestrol, Pentabromobenzyl
14 Perkin Elmer Brownlee SPP 2.7 0.5 9,16 C18, C8, Phnyl-Hexyl, PFP, RP-Amide, HILIC
; ) 1.3,1.7,2.6, 0.2,0.23, .
15 Phenomenex Kinetex/ Aeris 365 0.35. 0.67 10, 20 200 C18, C8, Phenyl-hexyl, PFP, Biphenyl, HILIC, C4
16 Restek Raptor 2.7 9 150 C18, Biphenyl, PFP, HILIC
17 Sepax Technologies  Opalshell 2.6 0.5 9 150 C18
18 Osaka Soda Capcell Core 2.7 0.5 9, 16, 30 150 C18, AQ, Adamantyl , Phosphocholine, PFP
Sumipax ODS Z-Shel . N
19 SCAS Sumichiral OA-Shell P1 2.6 0.5 9, 30 150, 40 C18, Poly(diphenylacetylene) derivative
20 SIELC Technologies ~ Coresep 27 9 M!xed mode: RP + cation exchange, aRP + anion exchnge, HILIC
+ ion exchange
21 Thermo Scientific Accucore 26,4 8,15 130 C18, C8, AQ, henyl-Hexyl, Phenyl, C30, PFP
22 Waters Cortecs 1.6, 2.7 0.26 9 100 C18, C8, Phenyl-Hexyl, HILIC
23 Welch Boltimate 2.7 0.5 9 120 C18, Phenyl-Hexyl, PFP, HILIC
24 YMC Meteoric Core 2.7 0.5 8, 16 150, 90 C18, C8
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2.6 um ZHAERB LR 5 um for routine
B (/oR—3522U%h)

0.5 um

s

1.6 um

0.6 um

HAEZE 9 nm,

2.6 um 16 nm, 3.4 um
30 nm,
100 nm 46 hm
3.4 um for protein
0.2 pm, MFLEI nm

HFLEE
30 nm

9 nm
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PAIF1E: 2.6 um
o HAFLEE: 100 nm

| RIFE: 2.6 um
FEFLEE: 16 nm

FIF#E:3.4pm
HFLEE: 30 nm
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Plate Height, um
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¢ Fully porous 5 um

m Fully porous 3 um

x Core Shell 2.6 um

_---= Fully porous 2.6 um

P
-

Column: C18, 50 x 4.6 mm
Mobile phase:
Acetonitrile/water=(60/40)
Temperature: 25 °C
Sample : Naphthalene

A Fully proous 1.8 um

5 10
Mobile Phase Velocity, mm/sec

15



Sub2 pmHh>S A&

Pressure, MPa
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PITIVRNS LEDETLLE

—=Sunniest C18-HT 2.0 um
—4—Brand A C18 1.9 um
-#-Brand B C18 1.8 um
——Brand CC18 1.7 um
Brand D C18 2.6 um
—><SunShell C18 2.6 um

Column dimension: 50 x 2.1 mm
Mobile phase: Acetonitrile/water=(70/30)
Temperature: 25 °C

0.5

1 1.5
Flow rate, mL/min
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UHPLC{E FH 3 |7 2um (1.8um) LRIL KR
EZ#8(3)=21,300 Column: SunShell C18, 2.6 pm 100 x 2.1 mm
1 ) Mobile phase: CH,CN/H,0=60/40
Flow rate: 0.3 mL/min -
4
Pressure: 12.5 MPa "U"?\Z‘pm (1'8“m) 2
L /\ Temperature: 25 °C FRLUTDET]
| | J | | Sample: 1 = Uracill
> 4 6 3 2 =Toluene
3 = Acenaphthene
1 Retention fime/min 4 = BUtylbenzene
Plates(3)=38,000 Column: SunShell C18, 2.6 um 150 x 4.6 mm
2 Mobile phase: CH;CN/H,0=70/30
3 4 Flowrate: 1.0 mL/min
Pressure: 11.5 MPa
{ }\ J\ Temperature: 25 °C
2 4 6 8 10

Retention time/min ”
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Plates Pressure(MPa) Plates/pressure
Sunniest C18-HT 2.0 um 9,900 16.7 593
Brand A C18 1.9 um 7,660 16.3 470
Brand B C18 1.8 um 10,100 19.6 515
Brand CC18 1.7 um 11,140 32.0 348
SunShell C18 2.6 um 9,600 9.7 990
Sunniest C18-HT 2.0 um E— — —
Brand A C18 1.9 um — — N
Brand B C18 1.8 um I I ____BE-C
Brand CC18 1.7 um ] ] I 2~ 3158
SunShell C18 2.6 um F F ﬁ

0 5,000 10,000 0 10 20 30

o

300 600 900

Column: 50 x 2.1 mm C18, Mobile phase: Acetonitrile/water=(70/30), Temperature: 25 °C n
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35,150 13993 34,462
’ 30,564 40,320
42 053 '
40,139 41,043 34,052
41,610
Normal 13 pL 0.1sec 0.4sec 0.25mm I 39 255 [\
Semi-micro3.2uL 0.1sec 0.4sec 0.13 mm L ﬂ L ]\ JL
Semi-micro 3.2 uL 0.05sec  0.05sec 0.13 mm L X J( N J ]k
[ RAARN RERRE RS RRARE RN RAR LAY LR RN RN ARARN RAARE EERRY RARAE AR MR AR R RN R RN
0 ] 2 3 5 6 7 8 9 10 11
Retention fime/min
45000
40000 Column: SunShell C18, 5 um 250 x 4.6 mm
7 acensphthene 5 Mobile phase: CH,CN/H20= 70/30
35000 g A
Toluene Butvlb Flow rate: 1.0 mL/min,
ﬁ 30000 utylbenzene ' o
oK Temperature: 40 °C
g 25000 / Pressure: 6.7 MPa
fH 20000 Detection: UV@250 nm

15000 / + Semi-micro 0.05 sec

, ¢ Semi-micro 0.1 sec
10000

Uracil A Normal 0.1 sec

5000

0 5 10

E—DnE/#

15

Sample: 1 = Uracil
2 =Toluene
3 = Acenaphthene
4 = Butylbenzene

HPLC: Hitachi LaChrom ELITE
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Brand F C18, 5 um 250 x 4.6 mm N(4)=19,313

Ll .

1 2 4 5 /\ """"" N(4)=20,287
| TG DHIERI/3
lVV 1\\\\\[![!\\\\\ Yll!\llll\ll\\\\\ ‘ ‘ ‘ l \\\\\ ‘ ‘ ‘ l \ \ ‘ ‘ l
0 2 6 8 10 12 14 16 18 20 22
Retention time/min
3 N(4)=20,287
| | 4 j\
[ rerT T TTE T Tt T T IR
0 1 2 3 4 5 6
Retention time/min
7 N
3
UHPLC . 2 1.0 mL/min N(4)=24,124
l ' 5
3
1 1.8 mL/min N(4)=22,424
4 5
l A—A 5um, 250x4.6mmA > AlC
EEN D H85E1/6
I rrTTTT T T IR R
0 1 2 3 4 5 6

Retention time/min

Column:
Brand F C18, 5 um 250 x 4.6 mm
SunShell C18, 2.6 um 100 x 4.6 mm
Mobile phase:
CH;CN/20mM Phosphoric acid = 45/55
Flow rate: 1.0 mL/min,
1.8 mL/min at the lowest chromatogram
Temperature: 25 °C
Pressure: 9.5 MPa for Brand F C18 5 um
13.4 MPa for SunShell C18 2.6 um
Detection: UV@230 nm

- Sample: 1 = Benzydamine

2 = Ketoprofen

3 = Naproxen

4 = Indomethacin
5 = lIbuprofen

HPLC: Hitachi LaChrom ELITE
(NZ0.25mmDEEE L Fk)

UHPLC: Jasco X-LC

13
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P/N

SunShell C4-100

2.1 x100 mm €66561
IS i
S BT

o Nvk
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. Thickness of
Particle Core Pore Surface
. . porous .
size diameter diameter area
layer

26 um 1.6 um 0.5 um 100 nm 22 m?/g
26 um 1.6 um 0.5 um 30nm 40 m?/g
26 um 1.6 um 0.5 um 100 nm 22 m?/g
26 um 1.6 um 0.5 um 30nm 40 m?/g
3.4um 3.0pum 0.2 um 30nm  15m?/g

Carbon
loading

0.6%

0.9%

0.9%

1.2%

0.5%

ChromaNik Technologl'es Inc.

Surface
coverage

End-
capping

Yes

Yes

Yes

Yes

15



Desorption Dv (log d) (cc/g)
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7Y TIVRIF DML D

0.9

0.8 =o—Core shell 2.6um, 16nm
0.7 l \ -#= Core shell 2.6um, 30nm
0.6 f \ =&—Core shell 3.4um, 30nm

0.5 j -O-Core shell 2.6um, 100nm
r/ x“ /N
0.3

RS

1 10 100 1000

Pore Diameter (nm)

16
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YINOBEDE REDEE

Column:
SunShe” C8_30' 2'6 um (30 nm) 100 X 2.1 mm, B L L ELL L L LR LLEELLLELLLEELTLELLLS .
Mobile phase: A) 0.1% TFA in water : :
B) 0.08 % TFA in Acetonitrile
Gradient program: Time 0 min 15 min : o
%B  20%  65% : 25°C
Flow rate: 0.5 mL/min, Temperature: 80°C or 60°C : 150 mm L
Detection: UV@215 nm,
Sample:1 = Cytochrome C, 2 = Lysozyme, 3 = BSA, ___L -
4 = Myoglobin, 5 = Ovalbumin ; 4 : ) 0 » W
UHPLC instrument: JaSCOX—LC "ll ----------------------------------------------------------------------------------
s0°¢ A
oo !
R~
80°C o u U\U
|-—_J
0 2 4 6 8 10 12
Retention time/min 17
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390000 -
340000 -
290000 -
240000 -

190000 -

140000

90000 -

40000

-10000

B

Time Omin 15min

B 20% 65% u

Time Omin  25mi
%B 20% 65%

A

n

»

Time 0 min

35min

-y

%B  20% 65% )

U
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YNFRIDRE

SunShell C8-30, 2.6 um (30 nm) 100 x 2.1 mm,
Mobile phase: A) 0.1% TFA in water B) 0.08 % TFA in Acetonitrile
Gradient program: Time 0 min 15 or 25 or 35 min
%B  20% 65%
Flow rate: 0.5 mL/min, Temperature: 80°C Detection: UV@215 nm,
Sample:1 = Cytochrome C, 2 = Lysozyme, 3 = BSA, 4 = Myoglobin,
5 = Ovalbumin
UHPLC instrument: Jasco X-LC

L/JMUL_J\\‘ .

.

.

5

]
-\ , -

15 20 25 18
Retention time/min
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C4-100
PN
___/‘____—_
C8-100
—(C8-30
—C8-30HT
I T T T 1 1
2 3 4 5 6 7

Retention time / min

SUNVEREEICIXZILER

s s oy = C4-100
MNEVLWANRBFRIZEEHNDS L ILHEE 0.5 um
M, #FLE1000A (100nm)D  precemec B
HEICIXZFEREX0.5 um BSA 0.079
THRIBL. -

vk
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( 5 [ )

Column:
SunShell C4-100, 2.6 um (100 nm) 100 x 2.1 mm,
SunShell C4-30, 2.6 um (30 nm) 100 x 2.1 mm,
SunShell C8-100, 2.6 um (100 nm) 100 x 2.1 mm,
SunShell C8-30, 2.6 um (30 nm) 100 x 2.1 mm,
SunShell C8-30HT, 3.4 um (30 nm) 100 x 2.1 mm,
Mobile phase: A) 0.1% TFA in water
B) 0.1 % TFA in Acetonitrile
Gradient program: Time 0 min 5 min
%B 20% 65%
Flow rate: 0.5 mL/min,
Temperature: 80 °C
Detection: UV@215 nm,
Injection volume: 0.5 uL
Sample:1 = Cytochrome C, 2 = Lysozyme, 3 = BSA,
4 = Myoglobin, 5 = Ovalbumin
UHPLC instrument: HITACIHI Chromaster

£ — 2 1g(WO0.5, min)

C4-30 C8-100 C8-30 C8-30HT EFHMEE

0.5 um 0.5 um 0.5 um 0.2 um

0.057 0.047 0.057 0.046 0.025%
0.056 0.046 0.056 0.046 0.025%
0.122 0.077 0.100 0.075 0.050%
0.066 0.047 0.063 0.045 0.025%
0.133 0.109 0.119 0.109 0.025% 19
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IEEYYI\NOBD52EE(60min)

C4-100
—C4-30
C8-100
—C8-30
——C8-30HT
——(C8-30HTO0.5ulL {

Retention time / min

£ — 2 1g(WO0.5, min)

SHEENEMERICE  sopp o

EK*ﬂ_ﬁﬁ%hil]\é(@ L) , Cytochrome C 0.167
EIABEEELEGAE 0 o

QB@L\O Myoglobin 0.197
Ovalbumin 0.391

45

C4-30
0.5 um

0.177
0.180
0.410
0.221
0.889

50

Column:
SunShell C4-100, 2.6 um (100 nm) 100 x 2.1 mm,
SunShell C4-30, 2.6 um (30 nm) 100 x 2.1 mm,
SunShell C8-100, 2.6 um (100 nm) 100 x 2.1 mm,
SunShell C8-30, 2.6 um (30 nm) 100 x 2.1 mm,
SunShell C8-30HT, 3.4 um (30 nm) 100 x 2.1 mm,
Mobile phase: A) 0.1% TFA in water
B) 0.1 % TFA in Acetonitrile
Gradient program: Time 0 min 60, min
%B 20% 65%
Flow rate: 0.5 mL/min,
Temperature: 80 °C
Detection: UV@215 nm,
Injection volume: 1.0 uL
Sample:1 = Cytochrome C, 2 = Lysozyme, 3 = BSA,
4 = Myoglobin, 5 = Ovalbumin
UHPLC instrument: HITACIHI Chromaster

C8-100 C8-30 C8-30HT C8-30HT 0.5ulL ERXHIERE
0.5 um 0.5um 0.2 um 0.2 um

0.160 0.155 0.212 0.144 0.050%
0.153 0.166 0.196 0.145 0.050%
0.276 0.514 0.422 0.330 0.100%
0.180 0.199 0.238 0.176 0.050%
0.247 0.428 0.184 0.176 0.050%

20
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Y IND BB

Column: SunShell C8-30, 2.6 um (30 nm, 0.5 um layer) 100 or 150 x 2.1 mm,
Mobile phase: A) 0.1% TFA in water B) 0.08 % TFA in Acetonitrile
Gradient program: Time O min 5 or 60 min
%B  20% 65%
Flow rate: 0.5 mL/min, Temperature: 80 °C, Detection: UV@215 nm

Sample:1 = Cytochrome C, 2 = Lysozyme, 3 = BSA, 4 = Myoglobin, 5 = Ovalbumin

SYNDBORBRHEEGFRESMHE
AlZERWSZENHD.

ML - N

20 25 30 35 40

Retention time/min

Ovalbumin
RESHERID IV /NDEBICHESL TL\DE

30 35 40 21



REEMAIOS8 Triton X-100

Column: SunShell C18, 2.6 um 150 x 3.0 mm i.d.
Mobile phase: Tetrahydrofuran:Acetonitrile:Water = 20:20:60
Flow rate: 0.5 mL/min
Temperature: 25 °C
Detection: UV@275nm
Sample: 1= Triton X-100

10 15 - - -

Retention fime/min
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HBiASE(C IO TIEFONITHRENIK (19G) Dok

Column dimension: 100 x 2.1 mm i.d.

L\ Mobile phase: A) water/TFA (100/0.1)

&, B) acetonitrile/TFA (100/0.085)

30-45%B (0-30 min)

Flow rate: 0.4 mL/min
Temperature: 80 °C
Detection UV at 215 nm
Injection 5 plL
Sample: #HIZIBEIC K > THEONICHRENIA

(gG, TOTAYGCPIT 1 ZT14 —NSLATHER

L] Not eluted Core shell C8, 300 A
COBEERH DRSS, C8
j Totally porous C4,300 A A7 ATIHgGIFEH LIEL)

m j k Core shell C4, 300 A
L
{4 j \ SunShell C4-100, 1000 A

f T T T T T T
0 2 4 6 8 10 12 14 16 18 20

Retention time/min 73
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BRI (19G) DY 1 XRS5

10,000,000

': \\‘\ SunSec Diol30

Se=c—= | Column: SunSec Diol30, 4 pm 300 x 4.6 mm i.d.
e ‘ Mobile phase:

T A T 0.1M Phosphate buffer + 0.2 M NaCl (pH6.8)
—t= | Flow rate: 0.35 mL/min

o Db Temperature: 25 °C

| Detection UV at 220 nm

N Lot ; Injection 2 pL

SRR TR Ldke T T Sample: fEIRIBEICK > TEOSNITHEENIA

ﬂ (g6, TOT A VGCPI 1« ZT1—NSATIER)

1,000,000

5100000
3

JU__

6 8 10 12 14
Retention time/min

24
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2-70/\/ = VaiEaBIC#HmNLIcIgCD 1 &t

Column dimension: 100 x 2.1 mm i.d.
Mobile phase: A) water/TFA (100/0.1)
B) acetonitrile/2-propanol/TFA (80/20/0.085)
15%B (0-0.5 min) and 15-50%B (0.5-50 min)
Flow rate: 0.4 mL/min
Temperature: 80 °C
Detection UV at 215 nm
Injection 5 plL >-F0/% ) —)LIZCSHS
Sample: #IiQIBEIC K > TEONIZHREMIA 'ngGEJEHjaﬁdégjﬁg
(IgG, TOT A1 YGP I« ZFT14 —NSLATHE) BEIEL 2D,

Core shell C8, 1000 A

_
A A
“ SunShell C4-100, 1000 A
. )

0 5 10 15 20 25

=

Retention time/min ’5
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F/ W3 ALICKBDMIRRIBEICKDTESNIE
RRINIR(196) DR

Column dimension: 100 x 2.1 mm i.d.
100 x 0.15 mm i.d. (nano-clolumn)

Mobile phase: A) water/TFA (100/0.1)

B) acetonitrile/TFA (100/0.085)

30-45%B (0-30 min) (0-15min)
Flow rate: 0.4 mL/min, 0.004 mL/min (nano-column)
Temperature: 80 °C
Detection: UV at 215 nm
I( Injection: 5 L, 0.1 plL (nano-column)

Core shell C4, 300 A Sample: %H}H@I%%‘:d: ) T?%Bﬂt*%glé}ﬁﬁ\

100 x 2.1 mm i.d. J (gG, 7OF7 1 VGP I« 514 —NOALATHER)
N
SunShell C4-100, 1000 A
‘rl 100 x 2.1 mm i.d. } M
SunShell C4-100, 1000 A J \
100 x 0.15 mm i.d.
~\
(‘) I2 Jli é I8 1i0 1‘2 1I4 1I6 1I8 2|0
Retention time/min 26
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Improved MAb Separations with
1000 A Superficially Porous Particles

Stephanie A. Schuster®, Brian M. Wagner, Joseph J. DeStefano, Taylor J. Shields, William L. Miles, and Barry E. Boyes
Advanced Materials Technology, Inc, 3521 Silverside Rd., Ste. 1-K, Quillen Bldg, Wilmington, DE 19810

*Corresponding Author: Stephanie A. Schuster, Advanced Materials Technology, Inc, 3521 Silverside Rd., Ste. 1-K, Quillen Bldg, Wilmington, DE,
19810 USA, 1-302-477-1526 (phone); 1-302-477-2514 (fax); sschuster@advanced-materials-tech.com

Figure 1. Crystal structure of human IgG[1] with the x and y lengths.

27
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AL ‘GRﬁoﬁﬂi February / March 2017
" o
e

B

Figure 2A. SEM image of a 2.7 um superficially porous 1000A particle. 2B. FIB image of a
1000A SPP showing the 1.7 um core with 0.5 pm shell.

* EZX0.1uymD U A—RAFNLZABERBIAEEIN TS,

* FLFF0.1umD /U IR—SARIERIERIFLHEEMNTE, A LEIF2.7umBIFHEH
(2755,

* L=D>T, KFIFZF0.1umD AT LIZLER, 2. 7umD AT LI 1/700DB XIS,

28
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Figure 4. Pore size distributions of 1.7 um 300A FPPs and 2.7 um 1000A SPPs.
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Figure 5. Sample loading using trastuzumab. Conditions: Columns: 2.1 x 150 mm; Mobile phase A:
water/0.1% DFA; Mobile phase B: ACN/0.1% DFA; Gradient: 27-37% B in 10 min; Flow rate: 0.5 mL/
min; Temperature: 80°C: Sample: trastuzumab; Injection volume: 0.1, 0.5, 1, 5, 10, or 20 uL of 7 mg/mL;

Instrument: Shimadzu Nexera; Detection: 280 nm with 350 nm reference wavelength
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Figure 6. Intact trastuzumab separation using 1000A SPPs and 300A FPPs. Conditions: Columns: 2.1 x 150
mm; Mobile phase A: water/0.1% TFA; Mobile phase B: ACN/0.1% TFA; Gradient: 32-38% B in 12 min; Flow
rate: 0.4 mL/min; Temperature: 80°C: Sample: trastuzumab; Injection volume: 2 L of 0.5 mg/mL; Instrument:
Shimadzu Nexera; Detection: 280 nm with 350 nm reference wavelength
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FPP: 70 m?/g, 21 m?(0.3g) in a 150 x 2.1 mm column
SPP: 22 m2/g, 13 m? (0.6g) in a 150 x 2.1 mm column, SPPIXFPPLE R FEIEHKID LE B A HI24E
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