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SUMMARY 

We describe a technique which may expand the opportunities for liquid chro- 
matography (LC) methods development. It has not been feasible to use high pH water- 
based mobile phases with silica packings, even those coated with octadecylsilane. A 
principal failure mode of such packings with both high pH and high temperature 
mobile phase is the dissolution of silica. We show that this can be controlled by 
equilibrating the mobile phase with silica using an appropriate column mounted in 
the oven ahead of the analytical column. We describe some early results of this tech- 
nique for determining tricyclic antidepressant drugs at a mobile phase pH of 10.7 on 

uncoated 5-pm silica particles. Using an inorganic instead of an organic base also 
permits UV detection closer to 200 nm where most organic bases have become opaque. 
We measured the silicon dissolved in the column effluent by atomic absorption (AA). 
We used an injection procedure which permits t-he AA burner to take up solution at 
its optimum rate while the LC is used at any lower mobile phase flqw-rate. 

INTRODUCTION 

It is well known in the literature that liquid chromatographic (LC) columns 
with silica substrates fail rapidly if a mobile phase of high pH is used. Horvath et al.’ 
suggested that C,, bonded columns should not be used with eluents above pH 7. This 
failure may result from the increased solubility of silica as pH is increased. 

Sosman’ reports that the solubility of silica in water depends upon the physical 
characteristics of the silica and increases rapidly with temperature. For an amorphous 
form he reports a solubility of about 10 &ml at room temperature and 250 pg/ml at 
200”. 

In recent work Wehrli et ~1.~ also used atomic absorption (AA) to measure the 
silicon (Si) content of strongly basic solutions, both organic and inorganic, in contact 
with C,, and C8 bonded column packing materials. The rate of dissolution was linear 
with time. For NaOH more than 20% of the C,, packing had dissolved in less than 
200 h while for some organic bases the rate was smaller. They also found the rate of 
dissolution to be even greater when using an alkylammonium hydroxide solution. 
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We have adapted an atomic absorption method to the detection of Si eluting 
from the colgmn to measure quantitatively the loss of silica for different analytical 
conditions. 

In gas chromatography, the eluting gas is sometimes pre-saturated with a 
compound that is known’ to bleed from the column during analysis. Such a procedure 
stabilizes volatile stationary phases and increases column life. LC column packings 
which have been coated with liquid substrate have also required mobile phase pre- 
saturated with the liquid phase in order to prevent loss due to solubilizatios. By 
analo,T, we have presaturated the mobile phase with silica ahead of the analytical 
column. We add a silica column, referred to here as a guard column, before the sample 
injector to bring the Si content of the mobile phase to a level which greatly reduces 
the dissolution of silica from the analytical column. The guard column is mounted in 
the same oven as the analytical column, and comes to the same temperature. Thus, as 
the solubility of silica increases greatly with temperature, the concentration eluting 
from the guard column rises to the appropriate level for that temperature. The 
analytical column is thus automatically protected under varying operating conditions. 
We show that this arrangement provides useful life to an uncoated column packed 
with 5-pm silica particles even when a mobile phase pH of 10.7 at 65” is used. 

In ref. 3, samples were taken for AA analysis from 2 mixture of test solutions 
and packing materials. We wanted to measure the dissolved Si in the mobile phase 
under variable chromatography conditions. We therefore attached the eluent from the 
column directly to the uptake capillary of the AA spectrophotometer. However the 
performance of the spectrophotometer is degraded if the flow-rate through the column 
is very different from the preferred rate for the AA spectrophotometer (about 7 ml/ 
min>. 

We therefore adapted the AA injection method4e5 which is the most efficient 
way to utilize very small samples to achieve the same detection limit for Si as is at- 
tained by conventional AA flame analysis. The eluent from the column is collected 
in drops ofabout 100 ~1 which fall into 2 conical PTFE block which is attached through 
capillary tubing to the uptake tube of the AA nebulizer (Fig. 1). One drop of sample is 
just large enough to permit the AA instrument and its recorder to reach a steady-state 
signai. Thus .any mobile phase flow-rate may be used that is slower than the uptake 
rate of the nebulizer, about 7 ml/min. Changin, = flow-rate changes the frequency of 
drops, but has little effect on the sensitivity to Si. 

EXPERIMENTAL 

Materials atld methods 
We used a Perkin-Elmer Model 601 liquid chromatograph and a Perkin-Elmer 

Model Series 2/2 liquid chromatograph equipped with a Model LC-65T variable 
wavelength UV detector and a Rheodyne 7105 injection valve. Data for all experi- 
ments were recorded using Model 56 recorders. For some experiments a Model LC- 
420 Auto Sampler was also used. We used Perkin-Elmer Silica A/10, lO+m uncoated 
silica packing, Silica B/5, 5-/trn uncoated silica packing, and HC-ODS-Sil-X, lo-pm 
C1, bonded phase packing in 0.26 x 25 cm or 0.46 x 25 cm columns. 

Si measurements were made with 2 Perkin-Elmer Model 373 atomic absorp- 
tion spectrophotometetr using 2 nitrous oxide-acetylene flame. it is the silica dissolved 
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Fig. I. The AA injection method applied to the eluent from an IX colun& Ihe tul% mo&ted above 
the funnel is connected directly to tbe column. Its diameter at the lower end is such that a drop f&Us 
when it has grown to about 100~1. The lOpu1 drop is drawn into the nebuiizer of +e AA buruer 
where its metal content produces a spike signal. The chromatogram formed from the envelop& of 
these spikes is shown in Fig. 3, 

from the column packing substrate which we are measuring, but in this peeper we 
report this as concentration of Si in parts per million (ppmj, weight per vokmte. This 
is what atomic absorption measures. The equivalent silica is 224 tims~the Si reported. 

The guard column was mounted in the same oven as the analytical cohunn to 
assure that the Si content of the mobile phase would be at equilibrium tit the tempest- 
ture of the analytical column. A layout of the system is shown as Fig. 2. - 

*. 

Fig. 2. Schematic layout of the guard column in the LC systexn. 
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RESULTS 

Our experience supports the systematic experience of Wehrii et aL3 in that the 
concentration of Si increases slowly with the length of time the mobile phase is in 
contact with the packing. Thus, the Si concentration in the eluate decreases with in- 
creasing flow-rate_ We-also find that the organic C18 coating on reversed-phase pack- 
ing materials protects the silica to a great extent so that the Si content is very much less 
in a particular eluted mobile phase at a particular flow-rate using the Cl8 packing as 
compared to the uncoated silica A materials. There is a si_ecant increase in the Si 
content of solutions with increasing temperature. 

When a new column filled with IO-pm uncoated silica was filled with water at 
room temperature and left overnight, the concentration of Si in the first column 
volume of water eluted was 42 &ml. A column of the same packing material with 
water as the mobile phase at 1 ml/min flow-rate contained 38 ,ug/ml Si. Thus water 
flowing through the column at room temperature approaches the equilibrium con- 
centration. 

The Si content rises very rapidly with increasing temperature. With the same 
lo-pm uncoated silica column and deionized water as the mobile phase at a flow-rate 
of 1 ml/min, approximately lOO~g/ml Si were measured in the eluate when the column 
oven was maintained at 60”. 

Fig. 3 represents a similar experiment with a 5-pm uncoated silica column that 
had been stored for 5 days filled with deionized water. As fresh deionized water flow- 
ed through the column the Si content gradually decreased towards a steady state. The 
column oven was turned on at about 5 ml and the Si content gradually rose to 60 
pg/ml when the column reached 70”. When the oven was turned off the Si content 
decreased to the room temperature equilibrium level of I3 pg/mI_ 

Using methanol as a flowing mobile phase with the uncoated packings, Si can- 
not be detected. Even after methanol was left in a IO-pm uncoated silica column for 3 
mon-hs there was less than 1 p&ml Si, the least concentration we could detect in this 
experiment. Using a mobile phase of 40 o/0 acetonitrile in water @H 10.7) at 65” at a 
Aow-rate of I‘S ml/min, the mobile phase contained approximately 123 @ml Si. 

Some experiments were run with columns packed with Cl8 bonded phase 
materials. At room temperature with water as a mobile phase the Si content was less 
than the minimum 0.3 pg/ml that we could detect with the experimental procedure 
we used. At 60” with water at a fiow-rate of I ml/min, the Si content was approximately 
0.7 pg/ml. When water at 60” was left in the column for 32 min, the Si content in- 
creased to about I8 pg/mI. 

In contrast with the experience with the uncoated silica, it appears that the Cl8 
coating greatly reduces the amount of Si dissolved by the flowing mobile phase. HOW- 
ever, after large volumes of mobile phase, especially at higher temperatures and high 
PH the less of silica from the C,, packings is significant. 

Some experiments with the Cl8 packed columns were run with 40% aceto- 
nitrile in water as the mobile phase. The dissolution of silica was very small and even 
when the mobile phase was left in the column overnight at room temperature, the Si 
content rose only to about 4 pg/ml. When 45 o/0 acetonitrile in water was left in the 
column for 14 days, the Si content rose to 40 &ml. 

An experiment was run using a IO-pm uncoated silica column as a guard col- 
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Fig. 3. The AA injection method used to measure Si in thecoIumn eiuent An 0.46 x 25 cm coIumn 
packed with S-pm uncoated si!ica was stored for 5 days with water at roam temper&u&~% ex- 
perimentai armngement of Fig. 1 was used to record continuously the Si iq the cohunn eiuent, 
flowing at 1 mI/min. The standasd shown contained 100 clglrnl Si. As the mobile phase that $tood in 
the column was replaced by fresh mobile phase, the Si dropped towards a IOF steady.state conce~+ 
tration- At about 5 ml the oven was turned up to ‘30”. As tie column gmduz@ heated, the Si content 
rose to a steady state concentration of about 60 ,ug/mI Si. When the oven was nuwd &the Si content 
gradualiy returned to a concentration of about 13 pg/ml. 

..I 

umn for an 0.26 x 25 cm C18 reversed-phase columu. A pure water mobile phase at 
60” was left in both cohrmns for 17 h by stopping the Bow of the mobikphase & the 
column. The effluent was then analyzed for Si. Xhe steady state S~co~~ce~tratiou using 
this guard column was measured at 98 pg/mi. Tee eluent th+t had bee&.standmg$tthetfre_ 
Cl8 column showed no additional Si indicating that the Si coude&&ion provided by 
the guard column prevented the dissolution of sihca. 

Tricydic drug separation 
To con&m that the guard column protects an ana@tical cokmu, we separated 

tricyclic drugs on au 0.46 x 25 cm, 5-pm uncoated silica cohunn us&a mobile phase 
with pH of 10.7. In our previous experience with this separatior@ tie found thaf columz~ 
performance was degraded below usefulness after 50 rrms Et a pH of only 7.2 YcT ., 

Prehminary experimerrts showed that we oWa.ined very good separation tith 
40 % acetonitrile in water adjusted to pH 10.74 with NH&H. We used a mobile phase 
flow-rate of 1.5 ml,%niu and column temperature of 65’. 

Two new 0.46 x 25 cm, 5-pm uncoated silica I315 coh~mns were u&d fog the- 
experiment_ The tricyclic drug mixture was separated OQ one cohuk without any 
precolumn. After several runs and SO mm of mobile phase .flowz the tiohmmprfor- 
mance became noticeably degraded. The measured Si-content in the mob&phase had 
gradually increased over that period from 103 to tl7pgJd. 
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This silica column was then moved to the guard column position and the sec- 
ond silica column was mounted in the analytical position. The initial separations were 
very similar to the first column and are shown in Fig. 4a. The Autosampler was set up 
to repeat theanalysis 102 times overnight. There was no noticable degradation of the 
performance of the analytical column over this period of time (Fig. 4b). The measured 
Si content of the eluent was about 95 pg/ml. 
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Fig. 4. Chromatograms of a tricyclic drug separation on an 0.46 x 25 cm, S-,om uncoated cohunn 
using a mobiie phase with a pH of 10.7. The mobile phase flow-rate was 1.5 ml/min and the column 
temperature was 65”. The experimental protocol is described in the text. (a) Senaration on a new 
anafytical column; (b) results from an analytical coIumn after 102 runs; (c) result when the guard 
column was used as an analytica column after 102 runs. The tricyclic drugs are: A = amitriptyline; 
B = imipramine; C = nortriptyline; D = desipramine. 

The guard column was then retested in the analytical position. The perform- 
ance of the column had become de_maded to the point where no peaks were seen, Fig. 
.4c. It is not surprising when it is calculated that about 0.36 g of packing were dissolved 
while 1700 ml of mobile phase removed silica at the rate of 100 pg/ml Si. This is about 
a 15 7: loss of the original packing. When the column was opened the packing level 
had fallen about 3 mm and channelling had developed to one side. The pressure drop 
across both columns had remained at about 10 p.s.i. during the experiment. 

The same analytical column was used for approximately 400 determinations 
with these conditions, replacing the guard column three times. The first two replace- 
ments of the guard column were necessitated by its developing a very high pressure 
drop. Finally, both the third guard column and the analytical column developed ex- 
cessive pressure drops. We speculate that this fmal failure of the analytical column was 
caused by transfer of fine silica particles from the guard CO~ULIUIS. 
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