
Reduce Tubing Volume to Optimize
Column Performance

Abstract

A comparison of the effects of extra-column volume on 50 and 150 mm columns in 2.1

and 4.6 mm internal diameters was made using a range of capillary tubing volumes

installed between the autosampler and column. Red tubing (0.12 mm id), green tubing

(0.17 mm id) and blue tubing (0.25 mm id) were used for this study. For a fixed length

of tubing, the volume inside green tubing is twice as large as that inside red tubing,

and the volume inside blue tubing is slightly more than twice as large as that inside

green tubing. Decreases in efficiency were measured between 1 and 31%, depending

upon the volume of tubing installed and the dimension of the column installed. The

larger decreases in efficiency are found when 2.1-mm id columns are used, while the

4.6 mm columns appear nearly immune to the extra column volume effects. In this

work, the 1.8 µm and 5 µm columns show the same percent decrease in efficiency as

that caused by the extra column volume. 
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Introduction

In order to increase productivity and reduce solvent costs,

analysts are using shorter columns packed with smaller parti-

cles, which can maintain the required separation efficiency

while yielding significant solvent and time savings [1-6]. Other

investigators are choosing to use more narrow columns

packed with the same particle size material in order to save

solvent, or accommodate mass spectrometers and evapora-

tive light scattering detectors [7,8]. However, these method

changes can come at the price of robustness.  In many cases,

failure to make accommodations for narrower peaks generat-

ed by the smaller columns can lead to an apparent loss of col-

umn efficiency. In some cases, simply optimizing detector

acquisition rate can correct the apparent efficiency deficit [9].

However the problem in many cases is caused by the extra

column volume in a “non-optimized” HPLC system.  By

replacing parts such as tubing, injector seats, column heaters

or flow cells with parts more suitable to an analysis, it

becomes possible to achieve the best performance of a col-

umn. This note will show the effect of various lengths and

volumes of tubing on column quality control test perfor-

mance, and will hopefully guide future use of the column.

Experimental

In this work an Agilent 1200 Series High Performance LC SL

was used. The performance of this system was already opti-

mized. The objective was to determine how much extra-col-

umn volume (as capillary tubing) would be required to com-

promise system performance and the performance of the col-

umn. Detector acquisition was set to the second fastest data

collection rate for the narrowest peak. Using the 2.1 mm × 

50 mm column and the shortest length of tubing, the acquisi-

tion rate was set at 0.01 s, or approximately 40 Hz. A 2-µl flow

cell was used for all testing. These are consistent with rec-

ommendations for best column performance. The column was

directly connected to the autosampler valve using a reusable

Polyethlyether Ketone (PEEK) connector, p/n 5046-4426, for

pressures over 400 bar, we recommend Polyketone p/n 5042-

8957. This ensures the best possible connection to the col-

umn by providing a perfect fit to the column with each piece

of tubing. The isocratic test mixture used contains uracil, and

acetophenone, 1 chloro-nitrobenezene and naphthalene at

the concentrations listed on the column QC report. Samples

were prepared in 50:50 acetonitrile/water and shown in

Figure 4. The efficiency of the column was calculated and

compared with various lengths of tubing installed between

the autosampler and the column.
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Discussion

In the system diagram shown in Figure 1, extra-column vol-

ume is in any tubing or connector in the system, other than

the column, where the sample peak could broaden and effi-

ciency could be reduced. It includes the volumes of the sam-

ple loop or injector, connecting tubing, fittings, and detector

cell. All of these should be minimized on columns 100 mm or

shorter, and must also be minimized when peaks elute early

in the run on a 2.1-mm column. When using small volume

columns, detector cell volume of 2 µL or less, reduced injec-

tion size (usually less than 5 µL), capillary tubing with 

0.12 mm inside diameter and unions with zero dead volume

should be used.

Pump DetectorSample injection

Column

Mobile phase

Extra column volume

Data device

Extra Column Volume = sample volume + connecting tube

 volume + fitting volume + detector cell volume 

Figure 1. The instrument schematic above depicts where extra-column vol-
ume can occur, thus effecting instrument and column 
performance.

In reference [4], recommendations are shown using similar

methodology. A comparison of varied column lengths was

made in showing a decrease of between 1 and 31% depend-

ing upon whether a 280-mm red (0.12 mm id) or green  

(0.17 mm id) capillary is used in the testing.  The difference

between the two capillaries is a doubling of volume. The 

larger differences are found when 2.1-mm columns are used.  

In this work tubing connections are made using tubing as

short as 70 mm in length with a 0.12 mm inside diameter and

up to 1 m in length.  Tubing with different inside diameters is

also used: “red” 0.12 mm, and “green” 0.17 mm. The volume

of the tubing is calculated using the formula of a cylinder.

Tubing volume verses efficiency is plotted for all columns.

Table 1 lists the volumes of the four column sizes used in this
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study. Column volume is calculated as the volume of a cylin-

der less the space occupied by the packing material. Since

the Agilent ZORBAX Eclipse Plus C18 packing material occu-

pies 40% of the column, the remaining 60% of the cylinder

should be considered as column volume. As can be seen, the

2.1 mm id columns have approximately 20% of the volume of

an equivalent length 4.6 mm id column.  Table 2 lists the part

number, length and volume for ten commonly-used flexible

capillary connectors. As can be noted the “green” capillaries

have twice the volume of a “red” capillary of equivalent

length.

Figure 2 compares the efficiency of each of these four

columns with various volumes of tubing attached.  Efficiency

loss on the smallest column begins at approximately 2 µl of

additional volume in the system which corresponds to

between 150 and 200-mm length of 0.012 mm id tubing. At 

7 µL, which amounts to 10 % of the column volume, a signifi-

cant decrease in efficiency is noted on the 2.1 mm id

columns. In addition it should be noted that very little efficien-

cy drop occurs for the 4.6 mm id columns.
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4.6 mm columns are not compromised by tubing, while 2.1 mm columns show a 

significant efficiency dependence on extra-column volume

Figure 2. The above scatter plots compare the effects of column length and
internal diameter on extra-column volume; results indicate length
has only a slight effect, while internal diameter is greatly affected
by extra-column volume.

Figure 3 compares the loss of efficiency for a 2.1 x 50 mm col-

umn packed with either 1.8 or 5 µm packing. Figure 3a shows

the efficiency loss with added volume. In both cases efficien-

cy is lost with added tubing, but since the column packed

with smaller particles delivered more theoretical plates, even

with extra tubing it was more efficient than the larger particle

column with the same amount of tubing.  Figure 3b shows the

efficiency normalized to 100% with the shortest tubing for

columns. In the normalized graph it is evident that the per-

cent loss for both 1.8 and 5 µm particle columns is the same.

As can be seen, the decrease in efficiency is more a function

of column dimension rather than particle size. A small particle

sized column compromised with extra tubing will still be more

efficient than a similarly sized column with larger particles.

Figure 3a. Efficiency verses 

 tubing volume. 
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Figure 3b. Normalized efficiency verses 

 tubing volume. 
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1.8 and 5 µm particles packed in 2.1 × 150 mm columns exhibit similar trends in 

efficiency loss with added extra column volumes

Figure 3. The above scatter plots show the negative effects of extra tubing
volume on naphthalene peak efficiency with both 1.8 and 5 µm
particles.

Agilent ZORBAX RRHT Eclipse Plus C18 column to be added to all

1.8 µm columns described in figures.
Agilent ZORBAX RRHT Eclipse Plus C18 column to be added for 1.8 µm

columns. Agilent ZORBAX C18 for 5 µm columns in this figure.
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While Figures 2-3 show the effects of extra-column volume

as a scatter plot, Figure 4 shows this phenomenon chromato-

graphically. Figure 4 shows an Agilent ZORBAX RRHT Eclipse

Plus C18 column with minimal tubing and with the maximum

tubing used in this study.  The effects are broader peaks and

reduced efficiency on the peak of interest, naphthalene, when

significant extra-column volume is present.   

Conclusions
In order to achieve the best results, it is necessary to mini-

mize extra column volume, especially when using small vol-

ume columns. Select the narrowest diameter and shortest

length tubing your application and system allows to prevent

peak dispersion or loss of resolution.  The use of smaller id

tubing (0.12 mm) is recommended for all small column appli-

cations. It is important to minimize connecting tubing as part

of instrument optimization.  
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QC Test Conditions:

55% CH3CN

45% H2O

Isocratic, 0.6 mL/min

1 µL injection of QC Mix

23 °C

254 nm

QC Mix (in elution order):

1. 5 µg/mL uracil

2. 200 µg/mL phenol

3. 25 µg/mL 4-chloro-nitrobenzene

4. 40 µg/mL naphthalene

In 50/50 MeCN/Water

Efficiency of naphthalene peak is greatly reduced when extra-column volume is increased on a 2.1 x 50 mm, 

1.8-µm Agilent ZORBAX RRHT Eclipse Plus C18 column, p/n 959741-902

Figure 4. QC test of a 2.1 × 50 mm, 1.8-µm Agilent ZORBAX Eclipse Plus C18 showing the peak broadening when larger
volume tubing is installed between the autosampler and column.

Table 1. Volume of Various HPLC Columns 

l × (r)2× π = l x (D/2)2 × π = Volume

1 cubic mm = 1µL 

Length (mm) Diameter (mm) Volume (µl) 60% (µl)

50 2.1 173 104

150 2.1 519 312

50 4.6 831 498

150 4.6 2492 1496

Table 2. Description of Common Connecting Tubing with Volume

Red Green
Color Code 0.012 mm id 0.017 mm id

Length mm Part number Volume (µl) Part number Volume (µl)

105 5021-1820 1.2 5021-1816 2.4

150 5021-1821 1.7 5021-1817 3.4

200 5065-9935 2.3 5065-9931 4.6

280 5021-1822 3.2 5021-1818 6.4

400 5021-1823 4.5 5021-1819 9.1
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