
コア⇝ェルカラムの基礎講座
これからコア⇝ェルカラムを
試してみたい方へ 必見！！

クロマニックテクノロ⇞ーズ

塚本友康 長江徳和

新技術説明会

http://chromanik.co.jp
毎࠰ƷJASISȷ薬学会等Ʒ資料Ǜ公開ƠƯƓǓǇƢ

コǢǷǧȫƴ関Ƣǔ最新情報ǋ公開中！！



理論段数ǛɥƛǔƨǊƴ
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理論段高さᲢHETP)Ǜ˯くƢǔ

HETP≒2.2 x 粒子径

粒子径 5 µm 3 µm 2 µm 2.6 µm

理論段高さ 11.0 µm 6.6 µm 4.4 µm 4.4 µm

粒子径ƕ小さいほƲ理論段高さƸ˯くƳǔ ?



コǢǷǧȫ型ǷȪǫƷ歴史
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(1) J.J. Kirkland, F.A. Truszkowski, C.H. Dilks, and G.S. Engel, J. 
Chromatogr., A 890, 3–13 (2000).
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21 (2007).



コǢǷǧȫ充填剤ƱƸ
Superficially porous particle

コǢᲢ核ᲣƷ周Ǔƴ多孔質層ƕ存נ

粒子径ƴǑǓǫȩȠןƸ決ǇǓᲦ粒子径ƷᲬ乗ƴ反比例ƠƯ
ǫȩȠןƸ高くƳǔ

同ơ粒子径Ʒ全多孔性Ʒ粒子ƴ比ǂᲦコǢǷǧȫ粒子Ƹ多孔
質層ƕ薄いƨǊᲦ溶質Ʒ拡散距離ƕ短くƳǓᲦᡮく࠯衡化Ƣ
ǔƨǊᲦ段数ƕ高くƳǔ

ƭǇǓᲦコǢǷǧȫƸ3µm粒子Ʒן力Ʊ同等ưあǔƴǋƔƔ
わǒƣᲦサȖ2µmƷ性能Ǜ発揮Ƣǔ
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ȢノȬǤȤȸᲢ単層Უ多孔質構ᡯ

二種類ƷコǢǷǧȫ構ᡯƷǷȪǫ粒子

ȞȫȁȬǤȤȸᲢ多層Უ多孔質層構ᡯ
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粒子径：2.6  µmᲦコǢ径：1.6 µmᲦ多孔質層Ʒ厚さ：0.5 µm
細孔容積：0.30 mL/gᲦ比表面積：150 m2/gᲦ細孔径：9 nm
Ტ16 nm, 30 nm), 多孔性ǷȪǫƷ体積Ʒ割合：77%

0.5 µm

2.6 µm コǢ

多孔性ǷȪǫ部

0.5 µm

コǢ

多孔性ǷȪǫ部

2.6 µm
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1.6 µm

ȢノȬǤȤȸᲢ単層Უ多孔質構ᡯ

SunShellǷȪǫƷコǢǷǧȫ構ᡯƷ概略図



粒度分布Ʒ比較

Company A, 2 µm

Sunniest, 2 µm

SunShell, 2.6 µm
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ーan DeemterƷ式

1. F. D. Antia and C. Horvath, J. Chromatogr., 435 (1988) 1-15.

A項 ： 多流路拡散Ŵ渦巻Ɩ拡散 ： 粒径Ǜdp

B項 ： ǫȩȠ軸方向ǁƷ拡散ŴǢȊȩǤȈƷ移動相中Ʒ拡散係数ǛDm

C項 ： 物質移動Ʒ項 ： 固定相-移動相ưƷ物質移動Ŵ粒子内ưƷ

拡散ƴǑǔ物質移動ƴ依存
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Mobile  Phase Velocity, mm/sec

Fully porous 5 um

Fully porous 3 um

Fully proous 1.8 um

Core Shell 2.6 um

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

全多孔性ƱコǢǷǧȫƷ理論段高さƷ比較
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Fully porous 2.6 um



多流路拡散ȷ渦巻Ɩ拡散ƕ小さくƳǔ
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粒度分布Ʒ広い充填剤Ტ一般的Ƴ全多孔性ǷȪǫᲦ粒子間空隙率:35%～40%Უ

粒度分布Ʒ狭充填剤 ᲢコǢǷǧȫǷȪǫᲦ粒子間空隙率:30%～35% Უ

多流路拡散Ŵ渦巻Ɩ拡散ƕ小さくƳǔ AdpƷAƕ小さくƳǔ
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ƀ拡散ƴǑǔ物質移動ᲢƷ遅ǕᲣƁƸュ項
ƴ関係ƠƯいǔ
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ǫȩȠ軸方向ǁƷ拡散

細孔ƷƳいコǢƷ存נƴǑǓŴ
ǫȩȠ軸方向Ʒ拡散ƕ阻害さǕǔ B項ƕ小さくƳǔ

全多孔性充填剤

コǢǷǧȫǷȪǫ

溶質Ƹ細孔内ǋ粒子外Ʊ同様ƴ拡散Ƣǔ



コǢǷǧȫ構ᡯƷ利点

ーan Deemter Ʒ式Ʒャ項Ღヤ項ƓǑびュ項ƕ小さくƳǔ

非常ƴ狭い粒度分布Ʒ核ᲢȕȥȸǺȉǷȪǫᲣƕ入手ưƖǔ
ƨǊᲦコǢǷǧȫ粒子Ƹ粒度分布ƕ狭くᲦ密Ƴ充填ƕ比較的
簡単ƴưƖǔŵƜƷ密Ƴ充填ƕャ項Ǜ小さくƢǔ

コǢƕ溶質Ʒ拡散Ǜ妨害ƠᲦ溶質ƷǫȩȠ軸方向ǁƷ拡散ƕ
抑えǒǕǔƨǊᲦヤ項ƕ小さくƳǔ

多孔質層ƕ薄くᲦ多孔質内ưƷ溶質Ʒ拡散距離Ტ移動距離Უ
ƕ短くƳǔƨǊᲦュ項ƕ小さくƳǔ
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全多孔性ǷȪǫƱコǢǷǧȫ型ǷȪǫƷ
標準試料Ʒ保持比較

移動相: Methanol/water(75:25)
温度: 40oC
ǫȩȠ: 150 x 4.6 mm
流ᡮ: 1.0 mL/min

全多孔性ǷȪǫ
Sunniest C18, 5 µm

コǢǷǧȫ型ǷȪǫ
SunShell C18, 2.6 µm

コǢǷǧȫ型ǷȪǫ
P社 C18, 2.6 µm

比表面積 340 m2/g 150 m2/g Effective 200 m2/g

保持時間(tR) 保持指数(k) 保持時間(tR) 保持指数(k) 保持時間(tR) 保持指数(k)

1) ǦȩǷȫ 1.70 0 1.34 0 1.36 0

2) ǫȕǧǤン 1.90 0.12 1.46 0.09 1.49 0.10

3) ȕǧノȸȫ 2.17 0.28 1.65 0.23 1.61 0.18

4) ȖȁȫșンǼン 13.35 6.85 10.87 7.11 6.19 3.55

5) o-ǿȸȕǧȋȫ 19.19 10.29 15.49 10.56 8.15 4.99

6) ǢȟȫșンǼン 19.96 10.74 16.56 11.36 8.75 5.43

7) ȈȪȕǧȋȬン 24.35 13.32 21.95 15.38 9.44 5.94

SunShell C18 2.6 µm

1
2

3
4

5
6

7
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Plates Pressure(MPa) Plates/pressure

Sunniest C18-HT 2.0 µm 9,900 16.7 593

Brand A C18 1.9 µm 7,660 16.3 470

Brand B C18 1.8 µm 10,100 19.6 515

Brand C C18 1.7 µm 11,140 32.0 348

SunShell C18 2.6 µm 9,600 9.7 990

単ˮן力あƨǓƷ段数比較

Sunniest C18-HT 2.0 µm

Brand A C18 1.9 µm

Brand B C18 1.8 µm

Brand C C18 1.7 µm

SunShell C18 2.6 µm

0 5,000 10,000 0 10 20 30 0 300 600 900

Column: 50 x 2.1 mm C18, Mobile phase: Acetonitrile/water=(70/30), Temperature: 25 oC

15
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コǢǷǧȫC18Ʒ標準試料Ʒ保持比較
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Column: 

Kinetex C18, 2.6 µm  150 x  4.6 mm 

Ascentis Express C18, 2.7 µm  150 x 4.6 mm 

SunShell C18, 2.6 µm  150 x 4.6 mm

Mobile phase: CH3OH/H2O=75/25 

Flow rate: 1.0 mL/min

Temperature: 40 ℃

Sample: 1 = Uracil, 2 = Caffeine, 3 = Phenol, 4 = Butylbenzene

5 = o-Terphenyl, 6 = Amylbenzene, 7 = Triphenylene

Company P C18

Company S 
C18

SunShell  
C18

水素結合性
(Caffeine/Phenol)

疎水性
(Amylbenzene/Butyl-

benzene)

立体選択性
(Triphenylene/o-Terphenyl)

Company P C18 0.48 1.54 1.20

Company S C18 0.44 1.60 1.31

SunShell  C18 0.39 1.60 1.46

1

1

1

2

2

2
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3
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5
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6

6

6

7

7

Company P C18, 2.6 µm  150 x  4.6 mm 

Company S C18, 2.7 µm  150 x 4.6 mm 



コǢǷǧȫC18Ʒ酸性条件ưƷ耐久性
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耐久性試験条件

Column size:  50 x 2.1 mm
Mobile phase: CH3CN/1.0% 
TFA, pH1=10/90  
Flow rate: 0.4 mL/min
Temperature: 80 ºC

保持時間測定条件

Column size: 50 x 2.1 mm
Mobile phase: CH3CN/H2O=60/40
Flow rate: 0.4 mL/min
Temperature: 40 ºC 
Sample: 1 = Uracil

2 = Butylbenzene
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コǢǷǧȫC18ƷǢȫǫȪ性条件ưƷ
耐久性
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耐久性試験条件
Column Size: 50 x 2.1 mm
Mobile phase: 

CH3OH/20mM Sodium 
borate/10mM 
NaOH=30/21/49 (pH10)
Flow rate: 0.4 mL/min
Temperature: 50 ºC

理論段数測定条件
Column Size: 50 x 2.1 mm
Mobile phase: 
CH3OH/H2O=70/30
Flow rate: 0.4 mL/min
Temperature: 40 ºC 
Sample: 1 = Butylbenzene
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Company P C18
Company S C18
SunShell C18
Sunniest C18 3um

100倍

コǢǷǧȫュ1ペƷǢȟȈȪȗȁȪンƷ
負荷᣽Ʒ比較

P C18
(core shell)

S C18
(core shell)

SunShell C18
(core shell)

Sunniest 
C18 3µm
(fully porous)

移動相ボ  ǢǻȈȋȈȪȫ/ピ0m平Ȫン酸緩衝液pリベ.0ミナ60ボブ0ニ
ǫȩȠサǤǺボ 1プ0 x ブ.6 mmᲦ流ᡮボ 1.0 mL/minᲦ温度ボ ブ0℃

試料： 1 ミ ǦȩǷȫᲦピ ミ ȗȭȗȩノȭȸȫᲦ

フ ミ ノȫȈȪȗȁȪンᲦブ ミ ǢȟȈȪȗȁȪン
ȔȸǯƷ4.4％Ʒ高さƷˮ置ưƷȔȸǯ幅
ư理論段数Ǜ計算 Ტ5σ法Უ
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Sample: 1 = Uracil

2 = Toluene

3 = Acenaphthene

4 = BUtylbenzene

Column: SunShell C18, 2.6 µm  150 x 4.6 mm

Mobile phase: CH3CN/H2O=70/30                    

Flow rate: 1.0 mL/min

Pressure: 13.5 MPa

Temperature: 25 ºC

コǢǷǧȫC18Ʒ標準試料Ʒ分離例
UHPLCƱHPLCƷ比較
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Plates(3)=38,000

Retention time/min

UHPLC使用
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Plates(3)=31,000

Retention time/min

HPLC使用
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ǫȩȠᲧ検出器間ƴƓƚǔ配管Ʒ影響
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0.06㎜ 0.1㎜ 0.25㎜

理論段数(1) 792 785 246

理論段数(2) 7790 7652 3535

理論段数(3) 10704 10345 7998

理論段数(4) 10113 9772 7689

Column: SunShell C18, 2.6 μm  50 x 2.1 mm
Mobile phase: CH3CN/H2O=60/40                    
Flow rate: 0.3 mL/min Temperature: 25 ºC

0.06㎜

0.25㎜

0.1㎜

0 1 2 3 4 5 (min)

理論段数Ʒ࠯均値
(n=3)
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4
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ǤǽǯȩȆǣッǯ溶離例 5µm C18ƔǒƷ移行
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SunShell C18, 2.6 µm 100 x 4.6 mm 

0 1 2 3 4 5 6

Retention time/min

0 1 2 3 4 5 6

Retention time/min

0 2 4 6 8 10 12 14 16 18 20 22 24

Retention time/min

HPLC
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分析時間1/フ
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Brand F C18, 5 µm 250 x 4.6 mm 

1.0 mL/min

1.8 mL/min

N(4)=20,287

N(4)=22,424

N(4)=19,313

N(4)=24,124

N(4)=20,287

5µm, 250x4.6mmǫȩȠƴ
比ǂ分析時間1/6

Column: 

Brand F C18, 5 µm  250 x  4.6 mm 

SunShell C18, 2.6 µm  100 x 4.6 mm

Mobile phase:

CH3CN/20mM Phosphoric acid = 45/55

Flow rate: 1.0 mL/min, 

1.8 mL/min at the lowest chromatogram

Temperature: 25 ºC

Pressure: 9.5 MPa for Brand F C18 5 µm

13.4 MPa for SunShell C18 2.6 µm

Detection: UV@230 nm

Sample: 1 = Benzydamine

2 = Ketoprofen

3 = Naproxen

4 = Indomethacin

5 = Ibuprofen

HPLC: Hitachi LaChrom ELITE

Ტ内径0.25mmƷ配管仕様Უ

UHPLC: Jasco X-LC
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Column: 

Brand G C18, 5 µm  150 x  4.6 mm 

SunShell C18, 2.6 µm  75 x 4.6 mm

Mobile phase:

A) 0.1% Phosphoric acid

B) CH3CN

Gradient program  for Brand G C18

for SunShell C18

Flow rate: 1.0 mL/min, 

Temperature: 25 ºC

Detection: UV@250 nm

Sample: Oolong tea

1 = Gallocatechin, 2 = Epigallocatechin,

3 = Catechin, 4 = Caffeine, 5 = Epicatechin, 

6 = Epigallocatechin gallate, 7 = 

Gallocatechin gallate, 8 = Epicatechin

gallate, 9 = Catechin gallate

HPLC: Hitachi LaChrom ELITE

Ტ内径0.25mmƷ配管仕様Უ
UHPLC: Jasco X-LC

ǰȩǸǨンȈ溶離例 5µm C18ƔǒƷ移行
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Time 0 min 15 min 20 min 

%B 2% 25% 25%

Time 0 min 7.5 min 10 min 

%B 2% 25% 25%
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高ᡮ分離例

Column: SunShell C18 2.6 µm, 30 x 3.0 mm. 
Mobile phase: A) Wtaer, B) Acetonitrile; Gradient 
(Acetonitorile %), 0.00 min - 35%, 0.40 min -
100%, 0.80 min - 100%, 0.85 min - 35%, 1cycle; 
1.8min, (High-pressure gradient). 
Flow rate: 1.0 mL/min. 
Temperature: 40 ºC. 
Injection Volume: 1 µL. 
Wavelength: 200 - 500nm, CH-9, 215 - 500nm 
(Max Abs.). 
Sample: Mixture of ultraviolet absorbers, 
1 = 2,2’,4,4’-Tetrahydroxybenzophenone, 
2 = Ethyl p-aminobenzoate, 
3 = 2, 4-Dihydroxybenzophenone, 
4 = 2,2’-Dihydroxy-4-methoxybenzophenone, 
5 = 2,2’-Dihydroxy-4,4’-
dimethoxybenzophenone,
6 = 2-Hydroxy-4-methoxybenzophenone, 
7 = 2-(2’-Hydroxy-5’-metylphenyl) benzotriazole, 
8 = 4-tert-Butylphenyl salicylate.
Courtesy of Jasco.

1

2

3

4

5
6

8

7
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標準試料Ʒ分離比較

Column dimension: 150 x  4.6 mm 

Mobile phase: CH3OH/H2O=75/25 

Flow rate: 1.0 mL/min

Temperature: 40 ºC 
Sample: 1 = Uracil, 2 = Caffeine,

3 = Phenol, 4 = Butylbenzene

5 = o-Terphenyl, 6 = Amylbenzene,

7 = Triphenylene

0 2 4 6 8 10 12 14 16 18 20 22 24

Retention time/min

SunShell PFP

SunShell C8

SunShell C18
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SunShell RP-Aqua

SunShell Phenyl

SunShell C18-WP (16nm)

Hydrogen 

bonding 
(Caffeine/

Phenol)

Hydrophobicity
(Amylbenzene/

Butylbenzene)

Steric

selectivity
(Triphenylene/

o-Terphenyl)

C18-WP 0.40 1.55 1.35

RP-Aqua 0.52 1.52 1.30

Phenyl 1.00 1.48 1.01

PFP 1.00 1.31 2.38

C8 0.32 1.46 1.08

C18 0.39 1.60 1.46
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ǯȬǾȸȫƷ異性体Ʒ分離

Column: 

SunShell C18, 2.6 µm  150 x  4.6 mm 

SunShell PFP, 2.7 µm  150 x 4.6 mm 

Mobile phase: CH3OH/H2O=40/60 

Flow rate: 1.0 mL/min

Temperature: 25 ºC 

Sample: 1 = p-Cresol

2 = m-Cresol

3 = o-Cresol

SunShell C18

SunShell PFP

1,2

2

3

1 3

ュ1ペǫȩȠưƸp-ǯȬǾȸȫƱ
m-ǯȬǾȸȫƸ分離不可能ưƢ
ƕŴPFP Ƹ分離可能ưƢŵ
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SunShell RP-Aqua Ʒ40 oCưƷ保持

核酸塩基Ʒ分離

緩衝液ƷǈƷ移動相Ǜ用いƨ場合Ʒ保持Ʒ再現性Ǜ試験ƠǇƠ
ƨŵ毛管作用ƴǑǓᲦȝンȗǛ停止Ơ充填剤周ǓƷן力Ǜ大気ן
ƴƢǔƱᲦ通常Ʒュ1ペǫȩȠƸ細孔内ƔǒƷ移動相Ʒ抜ƚƩƠƕ
起ƜǓᲦ保持時間Ƹ大幅ƴ減少ƠǇƢƕᲦSunShell RP-ャquaほ
ƱǜƲ細孔内ƔǒƷ抜ƚ出ƠƸ起ƜƬƯƓǒƣᲦホブデ以ɥƷ再現

性Ǜ示ƠǇƠƨ。

Column: SunShell RP-Aqua, 2.6 mm  75 x 4.6 mm

Mobile phase: 10mM Phosphate buffer pH7.0 

Flow rate: 1.0 mL/min

Temperature: 40 ºC and 25 ºC

Sample: 1 = Cytosine, 2 = Uracil, 3 = Thymidine,

4 = Uridine,  5 = Thymine

Initial 1 2 3 4

チ
ミ
ン
の
相
対
保
持
時
間

(%
)

ポンプ停止ごとの保持時間測定回数

ブ0℃ưƷȁȟンƷ保持時間Ʒ変化
Ტȝンȗ送液1時間停止毎ƴ測定Უ

52
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1 340 ºC

25 ºC

0 1 2 3 4
Retention time/min

52

4
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SunShell C18-WPƱRP-AquaƴǑǔȚȗȁȉƷ
分離

Column:  SunShell C18-WP, 2.6 µm (16 nm) 150 x  4.6 mm, 
SunShell RP-Aqua, 2.6 µm (16 nm) 150 x 4.6 mm

Mobile phase: A) 0.1% TFA in Acetonitrile/water(10:90)
B) 0.1 % TFA in Acetonitrile       

Gradient program: %B 0% – 100% in 35 min

Flow rate: 1.0 mL/min ,     Temperature: 25 ºC,     Detection: UV@210 nm,   
Sample: Tryptic digest of myoglobin

SunShell C18-WP

SunShell RP-Aqua
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SunShell RP Ǭȸȉȕǣȫǿȸ

Holder

Cartridge 

filter 

bonded 

with C18

Tubing 

0.13mmID, 

60mm 

length

☆均一Ƴ細孔径Ǜ持ƭȢノȪǹ型ǬȩǹȕǣȫǿȸᲢ直径4mm,厚さ4mmᲣƴC18Ǜ結合
☆夾雑物Ʒ捕捉ƴǑǔǫȩȠןƷɥ昇防止やC1８結合相ƴǑǔ吸着物Ʒ除去ƳƲŴ種々Ʒ逆相
ǫȩȠƷǬȸȉǫȩȠƱƠƯ利用可能
☆ǫȸȈȪッǸ式ư交換ƕ容易
☆țȫȀȸǛ含ǊȭȸȇッȉȜȪȥȸȠ仕様Ტ2.1x50mmǫȩȠư5%Ʒ段数˯ɦŴ4.6x150mm
ǫȩȠư1%Ʒ段数˯ɦᲣ
☆内径2.1mm～4.6mmǫȩȠƴ使用可能
☆SunShell RP Guard FilterƷן力損失ƸᲫｍL/minư約0.1MPaŴǇƨGuard Filter 本体Ʒ耐ן
Ƹ60MPa
☆SunShell以外Ʒ逆相ǫȩȠƴǋ汎用的ƴ使用可能
☆ǢȟȈȪȗȁȪンƷǑうƳ塩基性化合物ǋȆȸȪンǰƷƳいǷȣȸȗƳȔȸǯ形状

Before

After

Ტュ1ペ結合ǫȸȈȪッǸȕǣȫǿȸᲣ
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SunShell RP Guard FilterƷ性能評価

0 1 2 3 4 5

Retention time/min

0 1 2 3 4 5

Retention time/min

Mobile phase:

CH3CN/H2O=60/40 for 2.1 mm

CH3CN/H2O=70/30 for 4.6 mm 

Flow rate: 

0.3 mL/min for 2.1 mm 

1.8 mL/min for 4.6 mm

Temperature: 25 ºC 
Detection: UV@250nm

Sample: 1 = Uracil

2 = Toluene

3 = Acenaphthene

4 = Butylbenzene

SunShell C18, 2.6 µm 50 x 2.1 mm         SunShell C18, 2.6 µm 150 x 4.6 mm         

Without Guard Filter

With Guard Filter

Without Guard Filter

With Guard Filter

tR(3)= 2.46 min
N(3) = 9,239

tR(3) = 2.57 min
N(3) = 8,786

tR(3)= 3.24 min
N(3) = 39,345

tR(3) = 3.26 min
N(3) = 38,940
ほƱǜƲ変化ƳƠ5% Ʒ段数˯ɦ
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SunShell Al 微᣽ǢȫȟȋǦȠ測定専用ǫȩȠ

31

Column: SunShell Al  2.6µm, 4.6 x 30 mm 
Mobile phase: 2-Propanol/buffer (pH7) = 30/70
Flow rate: 1.5 mL/min
Column Temperature: 25 oC
Pressure:  19.3 MPa
Fluorescence detection: EX= 370 nm, Em= 504 nm
Injection volume: 20 µL
Instrument: HPLC with 0.13 mm i.d. tubing from injector 
to detector.

1: Oxine peak
2: 13ppb Aluminum standard solution
3: Blank (pure water)
Resolution of peak number 1 and 2: 2.00

★13ppbアᾰᾤニウᾥ標準品の測定例
オキシンを用いたキᾱート錯体として測定

1

2

3

This aluminum measurement is based on "Pharmaceutical Regulatory Science 35, 565-580 (2004)".

Time (min)
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ǇƱǊ

• コǢǷǧȫ型充填剤Ƹ全多孔性充填剤Ʒ1.5倍Ʒ理論段
数Ʒ性能Ǜ有Ƣǔŵ(2.6 µmƷコǢǷǧȫƸsub 2 µmƷ
全多孔性Ʊ同ơ理論段数ƴƳǔ)

• ǫȩȠןƸ充填剤Ʒ径Ʒ2乗ƴ反比例Ƣǔŵ 2.6 µmƷ
コǢǷǧȫƸᲦsub 2 µmƷ全多孔性Ʒ1/2以ɦƷǫȩȠ
力条件ɦưƸsub 2 µmƷ2倍以ɥƷןƱƳǔƨǊ同一ן
理論段数Ǜ示Ƣŵ

• 汎用Ʒ5µm,4.6x150mm,250mmǫȩȠǛ用いǔ分析ƕ
SunShellưƸ4.6x75mm,100mmư達成さǕᲦ分析時
間ȷ使用溶媒᣽ƕ大幅ƴ削減ưƖǔŵ

• 今後ŴコǢǷǧȫ型充填剤Ƹ広い分᣼ƴƓいƯ使用さ
ǕƯいくƜƱƕ予想さǕǔ


