








Sensitivity
Sensitivity or signal-to-noise ratio is related to concentration at
peak apex, cmax, which depends on chromatographic parameters
such as efficiency (N), injection volume (Vi), column length (L), 
column internal diameter (dc) and capacity factor (k), as expressed
by Equation 6:

(6)

This dependence points out some ways to increase the sensitivity:
reduce the length and reduce the internal diameter of the column
and increase separation efficiency. This is illustrated in Figure 6 for
the separation of four steroids.

Decreasing column length (Figure 6 step 1) results in a shorter
run time if all other experimental parameters are kept unchanged.
Note that, when decreasing the column internal diameter (Figure 6
step 2), it is necessary to adjust the mobile phase flow rate to main-
tain a constant mobile phase linear velocity through the column.

By decreasing the particle size (Figure 6 step 3), efficiency is
increased, which leads to more sensitivity. Using smaller particles
also allows us to increase the mobile phase flow rate without losing
separation performance, which also increases the speed of analysis.

Step 2: Reducing column ID, 
decreasing flow rate to maintain Step 3: Reducing particle size

Original Conditions Step 1: Reducing column length constant linear velocity and increasing flow rate

L: 100 mm L: 50 mm L: 50 mm L: 50 mm

dc: 4.6 mm dc: 4.6 mm dc: 2.1 mm dc: 2.1 mm

dp 5 µm dp: 5 µm dp: 5 µm dp: 1.9 µm

Flow Rate: 1 mL/min Flow Rate: 1 mL/min Flow Rate: 0.2 mL/min Flow Rate: 0.55 mL/min

Figure 6: Improving sensitivity by reducing column length (L), column ID (dc) and particle size (dp). This series of chromatograms demonstrates how a step-wise
decrease in column length, column ID and particle size can affect peak height, and therefore sensitivity. The parameters that have been changed in each step
are highlighted in red.

Height = 2476 Height = 3381 Height = 13729 Height = 16728

Hypersil GOLD (dimensions vary as shown)
Mobile Phase: H2O/ACN (50:50) +0.1% Formic acid
Flow Rate: Varies as shown
Temperature: 25 °C
Detection: UV @ 244 nm 
Injection Volume: 60 nL

Analytes:
1. Cortisone
2. 11-α-hydroxyprogesterone
3. 17-α-hydroxyprogesterone
4. Progesterone

5

感度
感度あるいはS/N比は、ピーク頂点での成分濃度Cmaxに比例
する。このCmaxは、クロマトパラメーターのN（分離効率
＝理論段数）、試料注入量（Vi)、カラム長さ（L)、カラム内
径（Dc)およびキャパシティファクタ（k)とは、式（６）の
関係がある。

この式から、高感度化の方法として以下のことが考えられる。
カラム長さ、内径を小さくする、あるいはNを大きくする。
実際の例を、Fig 6の4種のステロイドの分離例で示す。

Fig 6 step1は、カラム長さのみを短くしたもので、分析時間が短
くなった例です。Fig 6 step2は、カラム線速度を維持しながら、
カラム内径を小さくした例です。Fig 6 step3は、充填剤粒子径を
小さくしたもので、分離効率（N）が増加し、感度が増加してい
ます。流速が大きくなっても分離効率は低下せずに分析スピード
が早くなっています。
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Speed
The opportunity to increase sample throughput has generally been
compromised by a trade-off between column dimensions and opera-
tional parameters associated with system capability. To demonstrate
how the use of smaller particles in this environment gives an 
additional route to improve sample turnaround, a separation of
seven phenone compounds performed on a 200 x 2.1 mm, 5 µm 
column was transferred to shorter columns packed with smaller 
particles to reduce analysis time. The flow rate and gradient time were
adjusted to reflect the changes in column length and particle size.
The 1.9 µm particles facilitate a decrease in run time from 6 to 0.5
minutes, while maintaining baseline resolution of the seven phenones,
as seen in Figure 7. In the top chromatogram, the column temperature
has also been increased to achieve additional speed.

Summary
Numerous experimental parameters can be manipulated to improve
speed, efficiency or resolution of a chromatographic separation.
However, serious trade-offs existed to achieve both until the 
introduction of sub-2 µm particles, such as Hypersil GOLD 1.9 µm
columns. The exceptional range of optimal linear velocity that can
be achieved using sub-2 µm particles allows the use of high flow
rates to reduce analysis time while maintaining chromatographic
efficiency. In addition, the smaller particles allow for the reduction
in column length while maintaining efficiency, providing further
gains in speed of analysis at high flow rates without exceeding the
pressure limits of standard HPLC systems.

Figure 7: Effect of column length, particle size and operating conditions on run time and peak width at baseline (W). 

Hypersil GOLD 
Mobile Phase: A – H2O; B – ACN
Gradient: 65 to 95% B in tg
Temperature: 40 °C
Detection: 247 nm (0.1s rise time)
Injection Volume: 0.2 µL
UHPLC System: Accela™

50 x 2.1 mm, 1.9 µm 
Flow Rate: 1000 µL/min
tg = 0.4 min; Temp.: 60 °C

W = 1.8 s

W = 1.8 s

W = 2.4 s

W = 3.6 s

W = 5.4 s

W = 9.0 s

200 x 2.1 mm, 1.9 µm 
Flow Rate: 600 µL/min
tg = 1.5 min

200 x 2.1 mm, 3 µm 
Flow Rate: 400 µL/min
tg = 2.3 min

100 x 2.1 mm, 1.9 µm 
Flow Rate: 1000 µL/min
tg = 0.7 min

200 x 2.1 mm, 5 µm 
Flow Rate: 250 µL/min
tg = 3.5 min

50 x 2.1 mm, 1.9 µm 
Flow Rate: 1000 µL/min
tg = 0.4 min

Analytes:
1. Acetophenone
2. Propiophenone
3. Butyrophenone
4. Valerophenone
5. Hexanophenone
6. Heptanophenone
7. Octanophenone

6

スピード まとめ

サンプル分析のスループットを増やすためには、カラムのサイ
ズ、内径とLCシステムの操作パラメータとの間にトレードオフ
の関係があり、妥協が必要なことが知られています。このよう
な制約の中で、より小さな粒子径の充填剤を使用し、ハイス
ループット分析を実現した実例を以下に示します。この例は、
7種類のフェノン混合物を分離した例ですが、元の
20cm×2.1mm, 5 mのカラムを用いた分析を、より小さな
1.9 m粒子径のカラムとカラム長さも短くして、分析時間を短
縮したものです。
この変更に併せて、流速とグラジエント時間を適切な値に変更
しています。最終結果として、Fig 7に示す通り、フェノン類の
ベースライン分離を維持したまま、分析時間を6分から0.5分ま
で短縮することができました。尚、最終のクロマト条件では、
時間短縮のため、カラム温度を60℃に上げています。

クロマト分離分析のスピード、分離効率(N)、分離度(Rs)を改善
するために、色々とLCパラメーターは変更できますが、これま
では、トレードオフの関係もあって、実際には改善が困難で
あったのが、Hypersil GOLD 1.9 mカラムにより、改善が可能
となりました。サブ2 m充填剤の最適線速度の範囲は極めて広
く高流速が使えるので、分離効率を低下させることなく、
分析時間の短縮が可能となりました。サブ2 m充填剤は、分離
を維持したままでカラム長さを短くでき、また、検出感度の向
上にもつながっています。(短いカラムの場合には、圧力が汎用
のLCの範囲内になる場合もあります。）
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We have seen that when using columns packed with 1.9 µm particles,
analyses can be performed with a high linear velocity through the
column without loss in performance. To obtain the best data using
fast chromatography, however, it is critical that the LC instrument
system is optimized to operate under these conditions. All system
components for the assay should be considered. System volume
(connecting tubing ID and length, injection volume, flow cell volume
in UV) must be minimized, detector time constant and sampling rate
need to be carefully selected, and when running fast gradients
pump dwell volume needs to be minimal.

System Dispersion
Band broadening, which has a detrimental effect on the chromato-
graphic performance, can occur in the column, in the autosampler, 
in the tubing connecting the column to injector and detector and in
the detector flow cell. These band broadening effects which occur 
in the fluid path of the HPLC instrument are volumetric effects; each
contributes a variance (σ) to the width of the chromatographic band
and are additive:

σ 2
total = σ 2

col + σ 2
ext (7)

where the subscripts mean: col – inside column, ext – extra column.

As a guide for good chromatography, the extra column band
broadening, originating from the injector, flow cell and tubing (see
Equation 8), should not exceed 10% of the total band broadening.
The extra column effects are more significant for scaled down sepa-
rations (column volume decreases) and for less retained peaks
which have a lower peak volume. It is therefore critical to minimize
extra column dispersion. Figure 8 highlights the improvements that
can be made in resolution, asymmetry and efficiency by reducing the
injection volume (left), the flow cell volume (center) and column to
detector connecting tubing ID (right). 

σ 2
ext = Kinj 12

V2
inj + Kcell 12

V2
cell + τ2 F2 +

r 4
c • lc • F
7.6 • Dm

(8)

In addition to the volumetric effects, the time constant of the
detector (τ, response rate) and the scan rate may also contribute to
the broadening of the peak, and should be considered. 

Detector Time Constant
The central term covering flow cell volume in Equation 8 also shows
that dispersion in the detector is dependent upon the detector time
constant τ. Reducing the time constant will reduce the observed 
dispersion.

Section 2: System Optimization

Figure 8: The effects of minimizing volume dispersion within the system.

215% increase in efficiency 
137% improvement in resolution

19% increase in efficiency 
22% improvement in asymmetry 163% increase 

in efficiency 

Hypersil GOLD 
Column: 1.9 µm, 50 x 2.1 mm
Mobile Phase: H2O/ACN (50:50) + 0.1% Formic acid
Flow Rate: 0.5 mL/min
Temperature: 25 °C
Detection: UV @ 244 nm

Analytes:
1. Cortisone
2. 11-α-hydroxyprogesterone
3. 17-α-hydroxyprogesterone
4. Progesterone

7

HPLCシステムの最適化
1.9 m粒子カラムは、流速(線速度）を大きくしても分離能が低
下しない。このハイスピード分析を行う為には、HPLCシステ
ムが最適化されている必要がある。即ち、システム容量（配管
の内径および長さ、試料注入量、検出器のフローセル容量）を
最小にすること、検出器の時定数やサンプリング速度を適切な
値とすることや、高速グラジエントを行う際は、ポンプドウェ
ル容量を最小にする必要がある。

クロマト性能に悪影響するピーク拡がりはカラム、オートサン
プラ、カラムとインジェクタあるいは検出器との間の配管およ
び検出器フローセルの中で起きます。式で表すと下記のように
表わされます。カラム内での拡がりとカラム外での拡がりの和
で表されます。

良いクロマトグラムを得る為には、カラム外での拡がりをピー
ク拡がり全体の10%以下に抑えることが望まれます。
カラム外でのピーク拡がりは、式(8)で表されるとおり、イン
ジェクタ（試料注入量）、検出器フローセル、配管などによ
る。従って、試料注入量やフローセル容量、カラムと検出器の
間の配管内径をできるだけ減らす（あるいは小さくする）こと
が必要である。

さらに、検出器での検出の際、時定数（τ）やスキャン速度が
遅いとピークを十分拾えずに、ピーク拡がりを生じます。

検出器内でフローセル容量に由来するピーク拡がり以外の、検
出器の時定数（τ）による拡がりは時定数を小さくすることで
減らすことが可能である。

HPLCシステムのピーク拡がり

検出器の時定数
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Detector Sampling Rate
With 1.9 µm particles, operating parameters can be optimized to
give fast analysis. This results in narrow chromatographic peaks
which may be of the order of 1-2 seconds in width. It is important to
scan the detector (whether it is UV or MS) fast enough to achieve
optimum peak definition, otherwise resolution, efficiency and 
analytical accuracy will be compromised. This is illustrated in 
Figure 9, which illustrates a loss of resolution and peak height 
when only five scan points cover the peak.

Dwell Volume
The HPLC pump dwell volume is extremely important when running 
high speed applications using ballistic gradients, typical of high
throughput separations on small particle packed columns. This is
because the pump dwell volume affects the time it takes for the
gradient to reach the head of the column.

If we consider a method using a flow rate of 0.4 mL/min and 
a fast gradient of 1 minute, the theoretical gradient reaches the 
column immediately (Figure 10). A pump with a 65 µL dwell volume
(such as used in the Thermo’s Accela HPLC) will get the gradient
onto the column in 9.75 seconds. A traditional quaternary pump with
a dwell volume of 800 µL will take 2 minutes to get the gradient to
the column. When running rapid gradients this is too slow as can be
seen on the example chromatogram.

In Figure 10 A and B the same 2 minute gradient was run on 
a pump with a 800 µL dwell volume, and a pump with a 80 µL dwell
volume. The chromatograms are very different: for chromatogram A,
it was necessary to introduce an isocratic hold at the end of the 
2 minutes gradient to allow elution of the analytes. In these 
conditions the pump dwell volume can double the run time, and 
it also impacts on column re-equilibration at the end of the run.

Figure 10: The effects of pump dwell volume on the separation. When running rapid gradients it is important to utilize a pump with a small dwell volume.

Hypersil GOLD
Column: 1.9 µm, 50 x 2.1 mm
Mobile Phase: A: H2O + 0.1% Formic acid

B: ACN + 0.1% Formic acid
Gradient: 5 to 100% B in 2 min
Flow Rate: 0.55 mL/min
Temperature: 25 °C
Detection: UV @ 270 nm 
Injection Volume: 0.5 µL 

Figure 9: Effects of detector sampling rate on peak shape. With the use of
1.9 µm particles, it is important that the detector scan rate is fast enough to
maintain peak definition. In this figure, there is a dramatic difference in peak
shape when only five data points (slower scan rate) are acquired compared
to 45 data points (faster scan rate). 

• Theoretical gradient reaches the column at 
0 seconds

• 65 µL dwell volume at 0.4 mL/min, gradient
reaches the column at 9.75 seconds

• 180 µL dwell volume at 0.4 mL/min, gradient
reaches the column at 27 seconds 

• 800 µL dwell volume at 0.4 mL/min, gradient
reaches the column at 120 seconds

Analytes:
1. Sulphaguanidine
2. Sulphamerazine
3. Sulphamonomethoxine
4. Sulphaquinoxaline

A B
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8

検出器サンプリング速度 ドウェル容量

ピーク幅1-2秒と非常にピーク幅が小さいハイスピード分析に
対応する為には、検出器（UVまたはMS)のサンプリング速度
を速くする必要があります。サンプリング速度が遅い場合に
は、分離度、分離効率、分析精度が低下してしまいます。
Fig 9にこれを示します。５ポイントでは、分解度、ピーク高
さともに正しい値が得られていないことが分かります。

粒子径の小さな充填剤を用いてハイスループット分析を行う場
合、高速グラジエントが必要となります。その場合、ポンプのド
ウェル容量が非常に大きな影響を及ぼします。それは、ドウェル
容量とは、移動相が混合される点からカラムヘッドまでのLCシス
テム容量のことだからです。（カラム流量が小さい場合、とくに
影響が大きく現れます。）具体的に、Fig 10の左に示すようにカ
ラム流量が0.4ml/分で、グラジエント時間が1分間の場合を考えま
す。理想的なグラジエントの場合、グラジエント遅れはありませ
んが、弊社HPLC ”Accela”では、ドウェル容量が65 lなので、グ
ラジエント遅れは9.75秒と少ないですが、通常の4液ポンプでは
ドウェル容量は800 lなので、グラジエントの遅れは、2分と非常
に大きな値になってしまい、グラジエントの前に2分間一定組成
での溶離を行うことになってしまいます。液体クロマトグラムを
Fig 10AとFig 10Bに示しますが、クロマトグラムは全く異なるも
のとなり、グラジエント初期濃度に戻すにも余分に時間がかかる
ので、分析時間も２倍以上になってしまいます。
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System Pressure
In order to tune your assay to your HPLC system, remember that as
the particle size is reduced, resistance to flow increases, causing
pressure drop to increase within the system. This is approximated
by the Equation 9 below:

Pressure Drop (psi) ~ 250 L η F / d2
p d2

c (9)

where L = Column Length (mm)
η = Mobile Phase Viscosity (cP)
F = Flow Rate (mL/min)
dp = Particle Diameter (µm)
dc = Column Internal Diameter (mm)

This equation shows that the pressure drop across the column
varies with:
• The length of the column. Longer columns have higher 

pressure drops.
• The ID of the column. Narrower columns have higher 

pressure drops.
• The diameter of the particles packed within the column.

The smaller the particles the higher the pressure drop. This is a
squared relationship and has a significant effect.

• The flow rate. A higher flow rate will result in a higher 
pressure drop.

• The viscosity of the mobile phase. Higher viscosities will
result in higher pressure drops. Increased temperatures reduce
the viscosity, enabling a higher flow rate to be used for an 
equivalent pressure drop.

For the fastest results from small particle columns, you must
ensure that your system can function reliably at higher operating
pressure. Figure 11 shows that the flow rates for optimum efficiency
(taken from the van Deemter plot) can lie within the limits of 
conventional HPLC systems, even for 1.9 µm particles.

Figure 11: System pressure considerations with 1.9 µm particles. The shaded
areas indicate typical system pressures at the optimum flow rates, measured
on a 20 mm length column.

9

HPLCシステム圧力
LC分析の際、粒子径サイズが小さくなると流れに対し抵抗が
増えます。即ち、カラム圧力損失が大きくなります。その大
きさは、式（９）で近似されます。

この式から、カラム圧力損失について、以下のことが分かる。

・カラム長さ　　長い程、圧力損失が大きくなる
・カラム内径　　小さい程、圧力損失が大きくまる
・充填剤粒子径　小さい程、圧力損失が大きくまる
・カラム流速　　大きい程、圧力損失が大きくなる
・移動相の粘度　大きい程、圧力損失が大きくなる
　　

粒子径の小さな充填剤で迅速に分析するには、より高圧に耐え
るHPLCシステムが必要です。Fig 11に、5, 3, 1.9 m充填剤,そ
れぞれにつき、 van Deemeterプロットから計算される最適な
流速と圧力の関係を示した。
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As well as particle size, column dimensions can be scaled down to
achieve faster separations. Care must be taken when transferring a
method to shorter columns with smaller particles to ensure operating
flow rate and gradient profiles are scaled to keep the assay profile
consistent. An understanding of some practical calculation routines
help to achieve the scaling.

Section 3: Tips for Method Transfer

Hypersil GOLD 
Mobile Phase: H2O/ACN (50:50) 

+ 0.1% Formic acid
Temperature: 25 °C
Detection: UV @ 254 nm 
Injection Volume: 2 µL

Analytes:
1. Cortisone
2. 11-α-hydroxyprogesterone
3. 17-α-hydroxyprogesterone
4. Progesterone

4.8 x higher sensitivity; 2 x speed

Isocratic Method Transfer
1) Adjust flow rate, keeping linear velocity constant between the original and new method.

System 1 System 2

Column 1: 100 x 4.6 mm, 5 µm Column 2: 100 x 2.1 mm, 1.9 µm

Flow Rate 1: 1.0 mL/min Flow Rate 2: 0.55 mL/min

F2 = F1 x (dc2
2/dc1

2) x (dp1/dp2)

F1 – original flow rate (mL/min) F2 – new flow rate (mL/min)

dc1 – original column internal diameter (mm) dc2 – new column internal diameter (mm)

dp1 – original column particle size (mm) dp2 – new column particle size (mm)

Entering the column dimensions for both systems and the original flow rate results in a calculated flow rate of 0.55 mL/min for system 2. Transferring this method to a column
packed with 1.9 µm particles gives a 4.8x increase in sensitivity and 2x increase in speed.

Figure 12: Isocratic method transfer to narrower ID column packed with smaller particles.

2) Adjust injection volume.

System 1 System 2

Column 1: 100 x 4.6 mm Column 2: 50 x 2.1 mm

Vi1 = 10 µL Vi2 = 1 µL

Vi2 = Vi1 x (dc2
2 x L2/dc1

2 x L1)

Vi1 – original injection volume (µL) Vi2 – new injection volume (µL)

dc1 – original column internal diameter (mm) dc2 – new column internal diameter (mm)

L1 – original column length (mm) L2 – new column length (mm)

Entering the column dimensions for both systems and the original injection volume results in an injection volume of 1 µL for system 2.

In practical terms it is often not possible to follow the equation
exactly, due to sample constraints, but the chromatographer should
be aware that smaller columns packed with 1.9 µm particles will
require a smaller injection volume.
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Column: 100 x 4.6 mm, 5 µm Column: 100 x 2.1 mm, 1.9 µm

10

分析法変換のヒント

一定組成条件下での分析法変換
 1) 元の分析法と同じ線速度を維持しながら、カラム流量を変更する

粒子径と同じく、カラム内径も小さくするとハイスピード分析実現に役立ちます。
ところで、カラム長さを短くし、粒子径も小さくする際は、分離クロマトグラムが新
旧の分析法で同様になるように、流速やグラジエント時間を適切なものにする必要が
あります。以下に示す計算法により、適切な値を算出してください。

 2) 試料注入量を変更する

計算式

計算式

実際には、計算通りにはいかない場合もありますが、1.9 m粒子径の
短いカラムを使用する場合は、原則、試料量を必ず減らす必要があり
ます。
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Method Transfer for Increased Resolution
When transferring a method to a column packed with small particles
it is possible to optimize certain chromatographic parameters to 
further increase resolution for difficult separations in complex 
matrices. In the example below, using the same analytes, the column
length was maintained and the flow rate and column ID decreased.
This results in a 13% increase in resolution between peaks 1 and 2,
as shown in Figure 13.

Method Transfer for Increased Speed
If the analyte peaks are well separated and high throughput is the
most important consideration for a method, it is possible to increase
the chromatographic speed by further reducing the column length
and increasing the flow rate. In Figure 14, the calculated method
transfer flow rate comes out at 0.55 mL/min. This and the shorter
column used reduces the retention time for peak 4 from 416 seconds
to 95 seconds. To obtain an even faster analysis, the separation has
been repeated on a shorter column with a higher flow rate, giving a
retention time for peak 4 of 29 seconds. This is 14 times faster than
the original method and underlines the power of small particles for
fast analysis.

Figure 14: Isocratic method transfer to improve speed. The column has been shortened further and the flow rate increased to 0.8 mL/min.

Hypersil GOLD 
Mobile Phase: H2O/ACN (50:50) 

+ 0.1% Formic acid
Temperature: 25 °C
Detection: UV @ 254 nm 
Injection Volume: 2 µL 

Analytes:
1. Cortisone
2. 11-α-hydroxyprogesterone
3. 17-α-hydroxyprogesterone
4. Progesterone

Figure 13: Isocratic method transfer to improve resolution. 

Hypersil GOLD 
Mobile Phase: H2O/ACN (50:50) 

+ 0.1% Formic acid
Temperature: 25 °C
Detection: UV @ 254 nm 
Injection Volume: 2 µL

Analytes:
1. Cortisone
2. 11-α-hydroxyprogesterone
3. 17-α-hydroxyprogesterone
4. Progesterone

13% Higher Resolution

14 x Faster

11

分離向上目的での分析法変換 ハイスピード分析目的での分析法変換

小さな粒子径を用いることで、分離が困難な試料の分離を
向上させることができます。以下に示す例では、カラム長
さは変えず、流速とカラム内径を変えることで、ピーク1
とピーク2の分離度が13%向上した。(Fig 13参照）

試料分離に問題がなくて、分析のスループットのみ向上させる
ことが重要な場合は、カラム長さを短くして、流速を上げれば
良い。その例をFig 14に示す。最初、流速は0.55ml/分と計算さ
れますが、その分離に問題がないので、さらにカラムを短く
し、最終的にはピーク４の保持時間が416秒から29秒まで、
1/14まで減らすことができました。小さい粒子径がいかにハイ
スピード分析に役立つかお分かりいただけます。
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In the example chromatograms on the following page (Figure 15),
a gradient method for separating sulphonamides has been
transferred from a standard 5 µm analytical column to a shorter
column containing 1.9 µm particles. This has been performed
stepwise to illustrate the effect of each parameter change. 
For each step the gradient and flow rate have been scaled 
in accordance with the previous calculations. The final 
chromatogram illustrates where the column has been further
shortened and the flow rate and gradient made even faster 
to increase throughput.

The table compares key parameters from the start and end
methods and shows that even under ultra fast conditions (the
final gradient is 15 times faster than the starting gradient),
baseline separation is still achieved. The peak heights are 
similar even though the injection volume is 10% of the starting
injection volume accentuating the increased sensitivity
achieved using 1.9 µm particles.

Gradient Method Transfer

1) Adjust flow rate, keeping linear velocity constant between the original and new method. 
(in accordance with the isocratic method transfer equations on page 10)

2) Adjust injection volume. (in accordance with the isocratic method transfer equations on page 10)

3) Adjust gradient, keeping initial and final composition unchanged.

System 1 System 2

Column 1: 150 x 4.6 mm Column 2: 50 x 2.1 mm

Gradient Profile 1 (tg1): 5 to 50% in 15 mins Gradient Profile 2 (tg2): 5 to 50% in 5 mins

Column Volume: 1.7 mL Column Volume: 0.11 mL

tg2 = tg1 x (V02/V01) x (F1/F2)

tg1 – gradient time in original method (min) tg2 – gradient time in new method (min)

V01 – original column volume (mL) V02 – new column volume (mL)

F1 – original flow rate (mL/min) F2 – new flow rate (mL/min)

Entering the column dimensions and flow rates for both systems and the original gradient gives a tg of 5 minutes for system 2.

Column Volume (V0)

V0 = 0.68 x π x r2 x L

V0 – column void volume (mL)

L – column length (cm)

r – column radius (cm)

0.68 is the approximate fraction of the column volume occupied by mobile phase (for porous particles)
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グラジエント分析条件の変更法

1)元の分析法と同じ線速度を維持しながら、カラム流量を変更する（10頁の一定組成の場合と同じです）

2)注入量の変更　　（10頁の一定組成の場合と同じです）

3)初期濃度、最終濃度を変えずに、グラジエント時間の変更

次頁のFig.15の例は、5 mの15cmカラムを1.9 mの短いカラ
ムに変更する場合の例を示したものです。変更した過程がス
テップワイズに示してありますので、それぞれのパラメー
ターがどのように変化して行くか、一目瞭然でわかります。
グラジエント時間や流速の変更は、前述の式を用いて計算し
ています。その結果、粒子径1.9 mで3cmの短いカラムを用
いることにより、元の15分から、僅か1分のハイスループッ
トの分析法に変更することができました。
表に新旧の分析法で得られる重要なパラメーター（ピーク
幅、分離度、ピーク高さ）を示します。グラジエント時間を
15分から1分へ大きく減らすことができました。また、この
ファーストグラジエント条件で、ベースライン分離を維持し
ています。ピーク高さは、試料注入量を1/10に減らしたにも
かかわらず、大きく減少していません。（1.9 m粒子を用い
たことによる感度増強効果が認められます。）

計算式
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Figure 15: Stepwise transfer of a gradient method to 1.9 µm Hypersil GOLD. In each step, the gradient and flow rate are scaled using the calculations 
presented. In step 1, column length was reduced. Step 2 shows the effects of a reduction in column ID. In Step 3 particle size is reduced to 1.9 µm. 
In Step 4, the column length is decreased again, while the flow rate is increased.

150 x 4.6 mm, 5 µm 30 x 2.1 mm, 1.9 µm
Chromatogram A Chromatogram E

Peak Width* (s) 9.0 4.2
13.2 3.6
10.2 3.0
11.4 2.4

Resolution* 11.2 8.8
5.4 2.0
7.4 2.2

Peak Height 236331 71764
231151 139283
220165 170483
222985 135603

* baseline

Hypersil GOLD 
Column: 150 x 4.6 mm, 5 µm (V = 1.7 mL)
Gradient: 5 to 100% B in 15 minutes
Mobile Phase: A: H2O + 0.1% Formic acid

B: ACN + 0.1% Formic acid
Temperature: 25 °C
Detection: UV @ 254 nm 
Injection Volume: 5 µL
Flow Rate: 1 mL/min

Analytes:
1. Sulphaguanidine
2. Sulphamerazine
3. Sulphamonomethoxine
4. Sulphaquinoxaline

Column: 100 x 4.6 mm, 5 µm (V = 1.1 mL)
Gradient: 5 to 100% B in 10 minutes
Flow Rate: 1 mL/min

Column: 50 x 2.1 mm, 5 µm (V = 0.11 mL)
Gradient: 5 to 100% B in 5 minutes
Flow Rate: 0.2 mL/min

Column: 50 x 2.1 mm, 1.9 µm (V = 0.11 mL)
Gradient: 5 to 100% B in 2 minutes
Flow Rate: 0.55 mL/min
Injection Volume: 0.5 µL

Column: 30 x 2.1 mm, 1.9 µm (V = 0.07 mL)
Gradient: 5 to 100% B in 1 minutes
Flow Rate: 0.7 mL/min
Injection Volume: 0.5 µL

Cycle Time Reduced by 10 Fold

A

B

C

D

E

13

カラム長さ減少

カラム内径および長さ減少

粒子径減少

カラム長さ減少

分析サイクルタイムが元の1/10まで短くなった
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Hypersil GOLD columns are exceptionally reproducible for reliable
chromatography, column after column. This allows the user to be
confident that assays developed with Hypersil GOLD columns will
be robust and stable for the life of the assay, making them the ideal
choice for new method development.

Built on 30 years of experience in product development and
manufacturing of HPLC media and columns, Thermo continues upon
its success with the development of a new state-of-the-art family of

columns, based on 1.9 µm particles, designed for improved 
chromatography. Hypersil GOLD columns are manufactured in ISO
9001:2000 accredited laboratories under strict protocols using a
robust manufacturing procedure and extensive quality control testing.

To obtain the most accurate results when performing quantitative
analysis it is important that key chromatographic parameters such
as retention time and peak area remain consistent. 

Figure 16: 1.9 µm Hypersil GOLD Batch Reproducibility. The capacity factor
was measured for a series of peaks across 5 separate batches of 1.9 µm
Hypersil GOLD. The reproducible values provide the chromatographer with
confidence that analyte peaks will elute at the same time, every time. 

Figure 17: 1.9 µm Hypersil GOLD Column Reproducibility. 1.9 µm Hypersil
GOLD columns show excellent reproducibility, column after column. In this
example, the efficiency of 200 different columns is shown. Efficiency in
excess of 160,000 plates/m is consistently achieved, column after column.

Figure 18: Batch Reproducibility with 1.9 µm Hypersil GOLD Columns. For all
batches, the tailing factor measured for a very basic analyte, is close to
unity, highlighting the excellent symmetrical peak shape which is 
characteristic of all Hypersil GOLD columns. 

Figure 19: System Back Pressure with 1.9 µm Hypersil GOLD. The system
back pressure has been measured over eight separate columns at two flow
rates. The minimal variation in column back pressure can only be achieved
using consistently well-packed stationary phase with a reproducible narrow
particle size distribution. 

Section 4: Column Reproducibility

14

カラムの再現性

Hypersil GOLDカラムは、カラム間での再現性に優れるので、
信頼がおけます。Hypersil GOLDカラムを用いる分析法は、頑
健でいつも安定していますので、ユーザーが自信を持って分
析法を開発できるカラムです。HPLC充填剤、カラムの30年
の製造の歴史・経験に基づき開発したのが、1.9 m粒子径の
Hypersil GOLDカラムです。

このHypersil GOLDカラムは、ISO9001:2000認証のもと製造い
たしており、製造工程を厳しく管理し、製品品質は厳しい検査
体制のもとで管理しております。最も正確で精度良く定量分析
を行う上で、大事なことは保持時間やピーク面積がいつも変わ
らず一定であることです。
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Assay Reproducibility
The analysis of a mixture of sulphonamides using 1.9 µm Hypersil
GOLD column gives a linear response over a range of concentrations
between 25 and 250 ng/mL (Figure 20).

The table shows excellent reproducibility for retention times 
(< 1% RSD) and peak area (< 2% RSD) over six injections. This 
highlights that accurate data can be obtained under fast chromato-
graphic conditions, where peak widths might be as narrow as 
1-2 seconds.

Figure 20: Calibration Curves for Sulphonamides. 1.9 µm Hypersil GOLD
columns produce a linear response over a range of concentrations.

Rt (min) Rt (min) Rt (min) Peak Area Peak Area Peak Area 
Mean STD RSD (%) Mean STD RSD (%)

Sulphaguanidine

Level 1 (25 ng/µL) 0.50 0.000 0.00 58066 1153 1.99

Level 2 (50 ng/µL) 0.51 0.005 0.93 109285 920 0.84

Level 3 (250 ng/µL) 0.51 0.004 0.73 545729 2962 0.54

Sulphamerazine

Level 1 (25 ng/µL) 1.06 0.005 0.47 76352 941 1.23

Level 2 (50 ng/µL) 1.10 0.011 0.97 153414 2229 1.45

Level 3 (250 ng/µL) 1.08 0.009 0.83 873540 11653 1.33

Sulphamonomethoxine

Level 1 (25 ng/µL) 1.19 0.005 0.42 107601 1389 1.29

Level 2 (50 ng/µL) 1.23 0.010 0.78 182809 2954 1.62

Level 3 (250 ng/µL) 1.22 0.011 0.83 859790 14827 1.72

Sulphaquinoxaline

Level 1 (25 ng/µL) 1.32 0.004 0.28 74714 1252 1.68

Level 2 (50 ng/µL) 1.36 0.012 0.85 146760 2225 1.52

Level 3 (250 ng/µL) 1.35 0.007 0.51 688423 10197 1.48

Hypersil GOLD, 1.9 µm, 50 x 2.1 mm
Mobile Phase: A: H2O + 0.1% Formic acid

B: ACN + 0.1% Formic acid
Gradient: 5 to 100% B in 2 min
Flow Rate: 0.55 mL/min
Temperature: 25 °C
Detection: UV @ 270 nm
Injection Volume: 0.5 µL

Analytes:
1. Sulphaguanidine
2. Sulphamerazine
3. Sulphamonomethoxine
4. Sulphaquinoxaline

Ordering Information
Description Particle Size Length (mm) 3.0 mm ID 2.1 mm ID 1.0 mm ID 320 µm ID

Hypersil GOLD 1.9 µm 20 – 25002-022130 – –

30 25002-033030 25002-032130 25002-031030 –

50 25002-053030 25002-052130 25002-051030 25002-050365

100 – 25002-102130 25002-101030 25002-100365

Hypersil GOLD aQ 1.9 µm 20 – 25302-022130 – –

30 25302-033030 25302-032130 25302-031030 –

50 25302-053030 25302-052130 25302-051030 25302-050365

100 – 25302-102130 25302-101030 25302-100365

Hypersil GOLD PFP 1.9 µm 20 – 25402-022130 – –

30 25402-033030 25402-032130 25402-031030 –

50 25402-053030 25402-052130 25402-051030 25402-050365

100 – 25402-102130 25402-101030 25402-100365

Other custom column dimensions are available. Please call your local Customer Service for more information.

15

注文方法 ここに掲載されていない長さ、内径のものはお問合せください。

Figure.20 スルホンアミド４種類の検量線

1.9 mカラムを用いると広い濃度範囲でリニアな
応答が得られます

分析試験法の再現性

Hypersil GOLDカラムを用いてスルホンアミドの混合物の分析
を行ったところ、Fig 20に示す通り広い濃度範囲（25から
250ng/ｍL）で直線の検量線が得られた。表から分かるよう
に、６回以上での繰返し注入実験の結果、保持時間のRSD（相
対標準偏差）が<1%、ピーク面積のRSDが2%以下となり、再
現性に優れることが認められた。この事実から、ピーク幅が
1-2秒と小さなハイスピード分析であっても、正確な分析が可
能なことが示された。
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For Technical Support:

Thermo Electron Corporation,
Bellefonte, PA is ISO Certified. 
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