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F ".n 
weeK r get emalls rrom

| ,rarious readers with quesrions or

ts problems (see contact iniorma-

tion at the end of this column). I enjoy

most of these and often they give me

fodder for one of these "LC touble-

shooting" columns. This month I'd

like to look at one of those problems,

because it can give us some insight into

the effects that certain changes will

make with a liquid chromatography
(LC) method.

The question went something like

this: "I have a method that works well,

but I am trying to scale it down so that

I can save acetonitrile. The method uses

a 150 mm X 4.6 mm,5-pm particle

Cl8 column operated at 2 mLlmin at

30 'C. This is an isocratic method run

with 40olo acetonitrile and 600/o of 0.lo/o

formic acid. My sample is dissolved in

mobile phase and I inject 20 p"L. My

peaks come out at 1.5 and 1.65 min,

with an overall cycle time of 4 min.

The resolution requirement of R, > 2.0

is obtained easily. I decided to switch to

a smaller diameter column to reduce the

acetonitrile consumption. So I switched

to a 150 mm X 2.1 mm, 5-pm C18

column that I found on the shelf and

dropped the flow rate to I ml/min,

because the column is about half the

diameter of the original one. Now I can

barely pass the resolution requirements

and sometimes fail. The pressure is

higher than before and the peaks come

out earlier. This seemed so simple, but I

must have done something wrong. Can

you help me?"

The Rule of One

This problem is a classic example of vio-

lation ofthe rule ofone, which states,

"change just one thing at a time." This

is the scientific method, and we should
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use it to help identify the cause-effect

relationship of changes we make to the

system. As I see it, the column size,

flow rate, and injection volume have

changed and perhaps the column chem-

istry has, as well. Lett look at some

of the factors that we should consider

when making a change such as the one

mentioned previously.

First, we need to make sure we have

not made a chemistry change in the

system. Based upon the question, I'm

not sure if the column chemistry is the

same between the two columns. Theie

was a time when everyone thought that

all C18 columns were created equal, but

today, with literally hundreds of C18

columns to choose from, it might be

more surprising if two are chemically

the same than if they are different. The

2.1-mm column should be from the

same brand and line of packing material

as the original 4.6-mm column. Because

this wasnt mentioned specifically in the

question, I want to make sure it is not

overlooked. A second way the chemistry

of the column can change is if it has

been used for other samples. A column

that was "found on the shelf" might

or might not be new. If it is used, it

still might be OK to use, but this deci-

sion should be based upon a column

log sheet that records column history

and column testing. Any column with

unknown history should, in my opinion,

be filed in the dumpster. Columns are

consumable items with finite lifetimes,

and it isn't worth the risk of creating

problems with a method by using a col-

umn with unknown history. Either of

these changes, a different manufacturer's

C18 material or a used column, can

mean a change in the column chemistry

and, thus, a possible change in peak

spacing - one of the possible reasons
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the resolution requirements are hard

to meet with the new column. For the

moment, let's assume that the 2.1-mm

column was from the manufacturer and

packing type and was new or like-new.

Scaling the Column

The process of reducing the column

diameter to save solvent is fairly simple,

although there are some potential

problems that should be kept in mind.

As a guide, if the flow rate is adjusted

for the seme linear velocity of mobile

phase through the column, the reten-

tion times and column pressure should

be the same with a column of different

internal diameter. The flow rate should

be adjusted in proportion to the change

in column cross-sectional area, which is

proportional to the square ofthe inter-

nal diameter. So, in the present case,
(4.6 mml2J mm)2 - 4.8 = 5.I usually

use 5 as the factor, because it is easy

to remember and I can do the calcula-

tions in my head. Thus, the flow rate

should be reduced from 2.0 ml/min

to 0.4 ml/min for the smaller column.

The retention times should be about the

same as the original method, as should

the pressure. Note that the proposed

change was from 2.0 to 1.0 ml/min.

This would give a relatively larger flow

rate by a factor of a little more than

twofold, and would result in shorter

retention times and higher pressures,

as observed. As a first step, I would

lower the flow rate to 0.4 ml/min to

see if the results were comparable to

the original conditions. Note, however,

that the combination of changing the

column diameter and flow rate should

not change resolution (ignoring extra-

column effects, see the following text),

so this is not the source ofthe observed

marginal resolution.

An increase in the relative flow rate,

especiallywith isocratic runs, often can be

made with no penalry other than a higher

pressure. Most of the time, conventional

LC systems are run in the 2000-3000 psi
(=150-200 bar) range, and are designed

to perform well up to 6000 psi (400 bar),

so higher pressure usually can be tolerated

without ill effects. The criticd measure-

ment, in terms of selectiviry is the selec-

tiviry factor, ct:

where *, and hrare the retention fac-

tors for two adacent peaks, I and 2. The

retention factor is calculated as follows:

P : (tx- to)lto 2l

where f* is the retention time of a

peak and lo (sometimes called rr) is the

column dead time.'S7e can measure the

column dead time from the unretained

peak (often referred to as the solvent

front or garbage peak), or we can esti-

mate the column volume, l/" as

V*= (L x d"lt2ooo t3l

where Z is the column length and d"

is the column internal diameter, both

in millimeters. I/, is converted to to by

dividing by the flow rate.

Ler's see where this leads us with the

current method. First, we need to know

the volume of each column. For the

4.6-mmcolumn: (150 x 4.62)12000 =

1.6 mL; for the 2.1-mm column: (150

x 2.12)12000 = 0.33 mL. These convert

to ro values of (1.6 mLl2 ml-imin) :

0.8 min, and (0.33 mL/1.0 ml-/min)
: 0.33 min, r€spectively. If the flow

had been scaled properly, both columns

would have to : 0.8 min. For the first

peak in the original separation, kr: (1.5
- 0.8y0.8 : 0,875; the second peak, h,
: (1.65 - 0.8Y0.8 : r.0625. This con-

verts to a: 1.062510.875 : 1.21. Note

that when the flow rate is changed, r* for

all peaks and ro change proportionally,

so 2 and, thus, cr stays constant. In other

words, changing the flow rate in isocratic

separation, either directly or indirectly by

changing the column diametet makes no

change in the peak spacing, or selectiv-

ity. This means that we can increase the

flow rate and reduce the run time, with

the major observation being an increase

in system pressure. There can be a minor

reduction in column efficiency with real

samples, but most isocratic methods can

stand a twofold change in flow with-

out compromising resolution.'What an

inexpensive way to increase throughputl
(Gradient separations require some com-

pensating changes when flow is changed

or selectivity will change.)

Scal ing the Inject ion

One thing that often is overlooked, and

certainly was in the present case, is that
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the injection might need to be scaled

with the column volume. If too large an

injection volume is used, band spreading

can occur on the column; if too large a

sample mass is injected, sample overload

can occur. W'e dont want either of these

situations, so it is best to scale the injec-

tion with the change in column size.

As a general rule, we can iryect =l5o/o

of the peak volume of the first peak of

interest without problems if we use the

injection solvent as the mobile phase.

The peak volume can be determined

by drawing tangents to the sides of the

first peak of interest and measuring the

width between the two tangents where

they meet the baseline. I didnt get a

chromatogram for the present example

so we can estimate the peak width. \trith

reasonably well-behaved "real" samples,

a l50-mmlong, 5-pm particle column

should generate =10,000 plates. The

plate number, N, is calculated as

N: 16 (txlw)2 l4l

where u is the peak width at baseline.

Ifwe rearrange equation 4 and solve for

u, we 9et

w: (4 t") i l . f l .5 t5l

For the original method and the first

peak, w: (4 x 1.5)/100 : 0.06 min.

Convert this to volume by multiply-

ing by the flow rate (0.06 min X 2

ml/min) : 120 p,L. If we use our l5o/o

rule of thumb for the iniection volume,

l5o/o x 120 pL = 18 pL. This tells us

that the 20-p,L injection in the original

method is at the upper limit of the sug-

gested injection volume. This might or

might not be OK - it would be wise to

see ifthe separation deteriorates ifthe

injection volume is increased by twofold.

It is good to have a tested safery margin.
'W'hen 

the column is scaled down, the

peak volume will change, too. If the flow

is scaled propedy, we would use 0.4 mL/

min with the 2.1-mm i.d. column. The

peak width in time should be the same,

but the volume will be (0.06 min X 0.4

ml/min) : 24 p,L, which is 1/5 of the

original - in sx2s1 proportion to the

change in the column volume. However,

a20-p.L injection is almost as large as

the peak width and will likely result in a

broad peak, because the first moleculesIlla:  hr lh ,



entering the column will have traveled a

significant way down the column before

the last molecules arrive at the top of

the column. This increased peak width

might be the reason that the resolution

requirements of the proposed method

were difficult to attain. A properly scaled

iniection would result in 15o/o x 24 p"L
: 3.6 p,L.I would probably start at 5

pL and see if I could get away with it,

then inject 10 pL and 2 pL to see if

5 pL had some safety margin before

changes in resolution were observed.
'W'hen 

considering injection effects, it

is the early peaks in the chromatogram

that will be affected most strongly. As

a general rule, we like to see the peaks

fit in a retention window of 2 < k <

10, but if the separation has very many

peaks, this might be hard, so we open

the window rc | I k { 20. When the

retention factor is much less than 1, sev-

eral potential problems can occur. Injec-

tion effects are more prominent for early

peaks, the peaks are more likely to have

interference problems with the tail of the

unretained junk peak present in most

samples, and resolution often won't be as

robust. In the present example, the peaks

are in this danger region, which might

be the reason why selectivity has changed

when the column size was changed.

Extracolumn Effects

A final problem area to consider with

the present method is extracolumn

effects. This refers to any band broad-

ening that takes place outside the col-

umn. The normal contributors to this

are the connecting tubing between the

autosampler and column, and between

the column and detector, the injection

volume and solvent, the detector cell

volume, and the detector time constant

and data system data rate. The detector

cell volume might not be changed eas-

iln but when 2.1-mm i.d. columns are

used, i t  is best to use 0.005-in. (0.125

mm) i.d. tubing in short lengths, keep

the detector time constant no more

than 1/10 of the peak width, and make

sure that the data rate is fast enough

to collect at l€ast 20 points across each

peak. Keep the injection volumes small,

as discussed previously, and try not

to use an injection solvent that is any

stronger than the mobile phase. Any

peak broadening resulting from extra-

corum n .rrJ;#;; 

":#:;:"Summary
Reduction of the column diameter can

be a very effective.way to reduce solvent

consumption. In the present example,

when properly scaled, the amount of

acetonitrile used would be reduced to

2oo/o of the original method. An added

benefit is that peaks will be narrower

and, thus, taller (for the same mass on

column), which generally improves the

method performance near the detec-

tion limits. If you scale the flow rate

with the change in cross-sectional area,

the retention times and pressure should

sray constant. (It might be possible to

reduce the run time by increasing the

flow rate with isocratic methods, but

this is a factor that is independent of

the column diameter.) \[hen changing

to a smaller diameter column, be sure

to check for, and adjust if necessary, the

proper injection volume. Also, be careful

about other extracolumn effects, which

become magnified as the peak volume is

decreased with smaller-volume columns.

Erratum
In the June issve, LCGC 27(6),478,
Table I, in the third column, the next to
last line should read 403913, not 36827,
and the 35837 should shift down one
row. \7e apologize for the mistake.

John W. Dolan
"LC Troubleshooting"
Editor John W. Dolan
is Vice-President of
LC Resourcet Walnut
Creek, California;
and a member
of LCGC's editorial
advisorv board. Direct
correspondence about this column to
" LC Trou b I eshooti n 9," LCGC, Wood bri dg e
Corporate Plaza,485 Route 1 South,
Building F, First Floor, Iselin, NJ 08830,
e - m ai I I o h n. D ol a n@ LCRe sou rces.com.

For an ongoing discussion of
LC trouble-shooting with John Dolan and
other chromatographers, visit the
Chromatography Forum discussion group
at http: I I www.chromf oru m.org.

$Jfi$Fffi l€lsc

Visit ChromAcademy on LCGC's Homeprye
w.chromacademy.om


