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Does your method have a

safety factor?

lohn W Dolan
LC Troubleshooting Editor

www. ch ro matog ra p hyo n I i ne.co m

Stay Away from the Cliffs!

I r -y home state of Oregon, we have

I many miles of beaches along the
I Pacific Ocean. One of my favorite

ways to enjoy the view is to stand on one of

the bluffs overlooking the ocean. In such

places, there often are signs that read
"Stand Back from the Edge," and these

signs might be accompanied by a fence or

barrier to reinforce this suggestion. In many

places, the cliffs are undercut by erosion,

and it is impossible to tell from above

whether or not the surface is stable or if it

might cave in at the next step. For this rea-

son, the signs provide sage advice - I have

no desire to have my next step be my last.

Perhaps we should have a similar sign

posted on the wall of our laboratories,

reminding us to build a safery factor into

our methods so that we dont encounter

unexpected and unpleasant surprises in rou-

tine operation. In this month's "LC Tiou-

bleshooting," I would like to examine a

couple of liquid chromatography (LC)

methods that could be operating too close

to the edge.

Too Much.  .  .

The first method is one I encountered sev-

eral years ago when I was visiting a phar-

maceutical production faciliry. One of the

chemists brought me a problem that she

had observed with a method that she had

used successfirlly for several years. This was

a method used in a cleaning validation.

After completion of a production batch of

drug, the stainless steel reaction vessels were

cleaned prior to their next use. This

method was used to ensure that there were

no drug residues on the reactor walls. The

procedure was quite simple: rinse the walls

with methanol, then inject 50 pL of the

methanol wash soiution. The chromato-

graphic setup used a reversed-phase column

and a mobile phase of 50:50 methanol-

buffer. After successful use of the method

for years, one day, the analyte peak was

split into a doublet. To correct the problem,

the chemist had tried a new column, a new

batch of mobile phase, and even a different

instrument, all with no success. tWhat could

cause such a problem?

The problem source should be fairly

obvious. 'When the injection solvent is

stronger than the mobile phase, one needs

to be careful to keep the injection volume

sma.ll, or peak distortion can occur. As a

general rule, one can inject approximately

15% of the volume of the peak of interest

without undue effects, z/the mobile phase

is used as the injection solvent.'When

stronger solvents are used for injection,

smaller volumes are required. Lett see what

this means for the current method. I dont

remember all the details of the method, but

lett assume that the column was a 150 mm

X 4.6 mm column packed with 5-pm

diameter (/o) particles and operated at a

flow rate ol1 ml/min. Also, let's assume

that the peak of interest was well-behaved

with a retention factor h of 2.To determine

the injection size relative to the peak vol-

ume, we must calculate the peak volume.

First, calculate the retention time of the

oeak. Recall that the retention factor is:

k =
tp,- to

where /x is the retention time and rs is the

column dead time. For 4.5 mm i.d.

columns, rs (in min) can be estimated as

to= 0.0r LIF t2)

where Z is the column lengh in millimeters

and F is the flow rate in milliliters per

minute. So for our column, lo = (0.01 X

150)11 = 1.5 min. After solving equation I

for tq, we can esrimate the rerention time as

4.5 mrn for a retention factor of 2.

Next, we need to determine the peak

width. We dont have the actual measure-

ment, so we can estimate the width from

the column plate number.f;/. For an esti-

mate of realistic column performance with

real samples, I like to use the relationship

N = 30Q Lldo t3l

t l l
vo
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where do is the packing particle diameter

in micrometers. This means that our 150-

mm, 5-pm column should generate.ly'=
(300X150)/5 = 9000 plates. Lett round

this to 10,000 for ease ofcalculation.

Now we need to determine the peak

width for the analy'te peak. Recall that the

plate number is defined as:

N: 15 (tytw)2 t4)

ihrr, * is the peak width at baseline,

obtained by drawing tangents to the peak

sides and measuring the width between the

tangents at the baseline. Solve equation 4

for w and we can calculate a width of 0. 180

min for a retention time of 4.5 min and

plate number of 10,000. At a flow rate of

I ml/min, this translates into a peak vol-

ume of 180 pL. If we were injecting the

sample in mobile phase, the l5o/o guideline

used earlier suggests that a maximum injec-

tion volume of approximately 25-30 p"L

should be usable without peak distortion.

As mentioned previously, when a stronger

injection solvent is used, a smaller injection

volume is necessary. A 50-pL volume of

10070 strong solvent certainly is too large a

volume of too strong a solvent for this

method.

So how do we correct this problem? The

simple solution would be to reduce the

injection volume; perhaps 5-10 pL would

work. But the chemist indicated that 50 p.L

was chosen because any smaller injection

would place insufficient mass on the col-

umn for an adequate detection limit.
'\Vhereas 

small injection volumes are

required for injection solvents stronger than

the mobile phase, often quite large injec-

tion volumes are possible when weaker sol-

vents ar€ used. The practical solution for

the present problem was dilution of the

sample fourfold with buffer, so now the

injection solvent contained 25o/o methanol

instead of 100% methanol. To maintain the

mass on column, the injection volume was

increased from 50 pL to 200 p"L. The

resulting separation gave adequate peak

shape and satisfactory method

performance.

\Vhy did the method fail suddenly after

several years ofsatisfactory performance? I

dont know. Rather, my question is why did

natographyonline,com

the method work without problems for sev-

eral years? This is a good example of a

method that is operating 
"too close to the

edge of the cliff," with insufficient robust-

ness to allow for normal variations in

method conditions,

As an aside, the process used earlier to

calculate and estimate chromatographic

parameters can be useful to check for rea-

sonable performance of any method. \fith-

out some point of reference, it is not possi-

ble to determine if the peak widths you

obtain are reasonable or not. Ifthe peak

widths you measure are much larger than

the results from the estimations, you might

not be getting the performance that you

should from your column. Check for extra-

column effects: large-diameter tubing,

excessive tubing lengths, and poorly assem-

bled fittings. Broader peaks require longer

runs for the same resolution, and shorter

run times generally are preferred.

. . . Or Too Little?

I encountered another method recently in

which significant changes in peak spacing

were observed, sometimes with peak order
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reversal, when a new column was used. The

sample was a mixture of acidic and basic

compounds. The column was a Type A

Cl8 reversed-phase column using a mobile

phase of 20:80 methanol-0.Ol mM phos-

phate buffer (pH 2). On one column, the

first peak, an acid, was eluted close to f6,

followed by a basic compound, then

another acid. On a second column, the first

acid was retained a bit more, and the base

now eluted after the second acid.

\7hen I examine a problematic method,

I first look for conditions that send up a

red flag for me. This method has two of

those red flags. First, it used aType A silica

column. For legacy methods, use of a Type

A column might be justified because of the

cost to revalidate the method with a newer

Typ. B stationary phase, but it is not iusti-
fied for a method that is under develop-

ment, such as this one. Typ. A silica was

used for most columns developed before

approximately 15 years ago. This silica was

characterized by significant metal contami-

nation and a very acidic surface. This

resulted in badly tailing peaks for basic

compounds and much larger column-to-

column variabiliry than we find acceptable

today. The newer Type B silica has a very

low metal content and is processed in such

a way that the surface is much less acidic

than the older silicas. These columns are

much more reproducible and, for the most

part, generate chromatograms with little or

no tailing for basic compounds. I strongly

believe that one should never start the

development of a new method on a Type A

column unless there are very compelling

reasons.

The second red flas for this method is

the buffer concentrati-on, 0.01 mM. My

first reaction was that this was a rypograph-
ical error, and the chemist meant 0.01 M.

However, a concentration of 0.01 mM was

confirmed. The buffer pH of 2 is a good

choice for this method. A low-pH mobile

phase provides two benefits in separarions

such as this. First, it suppresses ionization

of acidic sample components, thus increas-

ing their retention under reversed-phase

condit ions. Low pH also suppresses ioniza-

tion ofthe unbonded silanol groups on the

silica surface, making them less acidic. Sup-

pression ofsilanol ionization tends to

reduce band tailing for bases. However, if

insufficient buffer is present, these two

latographyonline.com

processes do not take place or can vary sig-

nificantly with small changes in the column

or operating conditions.

I suspect that the primary problem in

this case is insufficient buffering. Even with

LC-MS methods, in which buffer concen-

trations generally are minimal, a minimum

buffer concentration of 5 mM is common.

I would suggest changing the buffer con-

centration to 10 mM from 10 pM, and I

think a dramatic improvement in the

method would be seen. The change in

retention ofthe first acid peak sugg€sts that

its ionization was not suppressed fully, so

its polariry, and thus retention, changed. A

difference in silanol acidiry benveen two

different Typ. A columns is not unex-

pected, and if the buffer were too weak to

suppress the silanol ionization, significant

retention variability would be expected,

especially for basic compounds, which

interact strongly with acidic silanol groups.

\X/hen you start out with the cards stacked

against you, the likelihood ofobtaining a

good method is significantly reduced.'With

this many problems with the method, I

would change the odds and switch immedi-

ately to a Type B silica column, increase the
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buffer concentration, and adiust the mobile

phase to get the desired selectivity. This is
just one more example of working too close

to the edge of the cliff- one day the

method will work and the next it wont

unless robustness is designed into the

method.

When All Else Fails

Recently, I was asked about a problem

related to sample carryover.'S?'ith one

brand of equipment, the medrod gave

unacceptable carryover after injecting a

high concentration sample. The user tried

dl the standard tricks to alleviate such

problems - a change in wash solvent, dif-

ferent wash volumes, thorough cleaning,

seal replacement, and so forth - to no

avail.'When the method was moved to

alother system, the carryover disappeared.

Another rystem of the first brand was tried

and the problem reappeared. In the final

analysis, carryover was observed on every

instrument of one brand and model, but

not on any other brand or model tried. The

user had contacted the insrumenr manu-

facturer, who suggested the same fixes that

had already been tried. I didnt have any

magic answers, either, as my experience

with this brand and model of equipment is

limited. This is an ideal problem to submit

to Chromatographl Forum (www.chromfo-

rum.com), an on-l ine discussion group
joindy sponsoredby LCGC North America

and LC Resources. Knowing the brand of

equipment used, I suspect that there will be

forum participants from at least a dozen

laboratories who use this make and model

of LC system. It is likely that one of them

will have encounteted a similar problem

and might have a simple fix to the prob-

lem. Chromatography Forum also is a good

source of general chromatographic informa-

tion, whether it is troubleshooting, method

development, or operational tips. Try it -

you'll like it!

Conclusions

This month, we've examined a couple of

problems that illustrate the importance of

building robustness into each LC method.

One would like a method that will tolerate

the type and magnitude of changes that are

encountered under normal operation, such

as different mobile phases, different

columns, and different instruments. During

-J:J;J::Hffi::,.'
is easy to check a method's susceptibiliry to

small, intentional changes. Building in such

robustness will help to avoid costly and

frustrating problems that can be encoun-

tered during routine operation. Dont be

afraid to ask for advice. I'll be happy to give

you my opinion (contact me via e-mail, see

below), or check with other chromatogra-

phers on Chromatography Forum.
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