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Basic features offered by H P P L C
The following article was prepared by R.E. Kaiser
and R.I. R ieder o f the Ins t i tu t e for Chromatography,
B a d Duerkheim, West Germany. It was written a t the
request o f Helmut Traitler o f Nestl$ Research Centre,
Assoc ia teE d i t o rforJ A OCS N e w s for I n s trumentation.

Because o f t h e complexity of many real-life samples
which need HPLC for chromatographic analysis, us-
ing a single mode of analysis may fail. Peak overlap-
ping is the common source of systematic analytical
errors. Thus, a second liquid chromatography con-
cept might be helpful.

High pressure p lana r liquid chromatography
(HPPLC) (Fig. 1) is a rap id , digi ta l separation mode
of liquid chromatography u n d e r high mechanical pres-
sure. In contrast t o the one-dimensional HPLC elu-
tion technique with conventionally packed columns
online, a flow-through detector H P P L C uses a flat
bed o f 100 to 250 ~ml thickness a n d about 100 mm

circular diameter. This circular bed is packed with
any of t h e commercially available stationary HPLC
phases. Ready-made H P T L C plates can be used di-
rectly on glass.

The H P P L C "column" is a flat circular s y s t e m
covered completely by glass. The " p e a k s " o f a single
sample develop chromatography as concentric circles
of substances. The substances remain separated from
each o t h e r b y their differing radius. The chromato-
gram is s t o r e d substantially and appears as if " f ro -
zen." Af t e r removal o f t h e mobile phase, it can be
detected/quantitated u s i n g image-processing in a
proper l ight region o r by optical "in situ scanning,"
u s i n g a computerized H P T L C scanner. The mobile
phase flow is constant and digitized into limited vol-
ume portions. Digitization here means "mobile phase
digitization," which is a new dimension in chroma-
t o g r a p h y . Therefore, H P P L C is incompatible with
TLC, H P T L C and OPLC [over pressured layer chro-
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FIG. 1 . H P P L C princ ip le i n c o m p a r i s o n to H P L C .
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FIG. 2. Computer averaging of the chromatogram s i g n a l by
a d d i t i o n of the complete raw data se t s scanned at changed
angles of the c ircular chromatogram and c a l c u l a t i o n of the raw
data mean = CAT. The mean raw data set is then integrated.
This concept reduces structure s i g n a l without fa l s i fy ing circle
pos i t ions or other data pol i shment by n o i s e reject ion or other
fac tors .

matography, as introduced b y E. Tyihak and cowork-
ers in the 1970s (1)].

Most substance mixtures show a stochastic chro-
matogram af te r separation; there is no regular i ty for
t h e p e a k position except in synthetic samples made
up of homologue series. In 1986, C. Giddings of the
U.S. n o t e d t h a t a 1000-component mixture would need
1012 theoretical plates for a complete separation. These
components theoretically coexis t in a mixture of 0.1%
each, b u t in a real-life sample , probably coexis t a t the
par ts per million (ppm) level. There are n o separation
systems available t h a t of fer more t h a n one millionth
o f the number of pla tes theoretically necessary for
such a complete separation. A chromatogram of 500-
meter l eng th m u s t show peak width in half height of
1 mm in orde r t o approximately represent 1012 theo-
ret ical plates; or, we would need a 50-m long thin
layer pla te t o accept only 0.1-mm wide spots or sub-
stance lines all over t h e pla te length.

Peak overlapping, therefore, is common in real-
life chromatography. In high resolution capillary gas
chromatography (GC), we m u s t consider t h e possible
analytical d a n g e r o f hav ing 3-4 substances overlapped
u n d e r each GC peak separated. In H P L C , we m u s t
consider the d a n g e r of u p to 350 substances coeluting
u n d e r one p e a k in the w o r s t case of a ppm-level analy-
sis. In cases in which detection becomes dependent
on mixtures and the equipment has been calibrated
with c lean chemical compounds, we may have to con-
s ide r t h e possibility of correction fac to r falsification.
We already have found this effect as disastrous sys-
tematic er ror in quantitative high resolution capil-
lary GC. Even b y "round-robin" t e s t s , sys temat ic
analytical errors remain undetected (2). In this criti-
cal situation, t h e use o f more t h a n one analy t ica l
method is the only way t o handle these problems.

H P P L C is applicable one dimensionally as a fur-
ther quantitative LC analysis method b u t also is use-
ful as a two-dimensional separation technique. Two-
dimensional separation modes, especially when cou-
pled with one-dimensional pre-separation modes, of-
fe r the l a rges t separation p o w e r known. HPTLC, the
precursor of HPPLC, tu rned out t o be more "quanti-
t a t ive" t h a n classical TLC. However, even TLC can
be qui te qualified with respect to quantitative analy-
sis. In te rna t iona l round-robin t e s t s e n d e d up with
excellent da t a for t h e accuracy of H P T L C and TLC
results, o f t en b e t t e r t h a n those found with GC o r
HPLC (3).

The following arguments explain why a new level
of relat ive s tandard deviation can be reached a t the
repeatability, comparability and accuracy level of mod-
ern quantitative HPLC u s i n g circular H P P L C in the
single-sample mode of circular separation:

• Samples are in jec ted exactly as in H P L C , b u t
wi thout the stress of high back pressure.

• Separation basically is done in the same envi-
ronment o f mobile phase, stationary p h a s e and par-
t icula tematerials as in H P L C .

• Channeling and wall effects n o t e d in HPLC do
not exis t in HPPLC. There is no wall effect because
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t h e layer (200 ~m) is nar row enough. Here the same
laws exis t as with GC in micro-packed columns (4)
and packed capillary column LC (5).

• The separation in H P P L C is comparable t o mo-
bile p h a s e programming in HPLC but, in fact, runs
u n d e r constant conditions of flow and polarity; it is
isocratic.

• In contrast t o H P L C , the H P P L C chromato-
gram may be s t a r t ed af te r complete removal of the
sample solvent. The sample s ta r t ing volume may be
too large when u s i n g the full sample working range
of 100 nanoliters to 100 ~l in HPPLC, so t h e s ta r t ing
volume may b e a broad band circle. Refocusing the
sample circle t o a 0.2 mm nar row band is possible. If
solubility remains , the final chromatogram can begin
with such a nar row (sharp) band or circle of sample.
It then can be refocused u s i n g fur the r differing mo-
bile phases consecutively with o r wi thout intermedi-
ate mobile p h a s e removal.

• The separated substances remain fixed onto the
stationary phase, and there is no dilution by elut ing
into a voluminous detector cell as often occurs with
H P L C .

• W h e t h e r image-processing o r normal in situ op-
t ica l scanning of the chromatogram is done (af ter a
f inal mobile p h a s e removal), sharp b a n d s o r circles
may remain on the layer as material for quantitation.
However, t h e layer consists of par t icula te mat te r and
produces a chromatogram consisting of a stochastic
b u t completely s table fixed base plane. We call its
scanner s igna l the "s t ruc tu re signal." This overlays
the substance signal and systematically falsifies it.
This systematic er ror in p lana r chromatography quan-
tification is highly constant and easily measured, and
thus can be removed. Structure can be measured pr ior
t o analysis, stored in a laboratory compute r and sub-
t rac ted af te r the final overlaid chromatogram signal
is stored. Or, we can g e t rid of it b y "compu te r aver-
ag ing" multiple circular scans a t slightly differing
angle positions (6}.

• As t h e H P P L C chromatogram stays constant,
repeating a n d comparing quantitations are a ques-
tion o f a p r o p e r laboratory compute r and intelligent
software t o handle t h e s e steps rapidly and accurately.

H P P L C is comparably qualified with HPLC for
quantitative analysis. Of course, there are sensitivity
limits, b u t fu r the r improvements depend on possible
post-run sample derivatizations. The p lana r field is a
quan t i t a t ive d e t e c t o r p e r se offer ing thousands of
modes including post-run chemical t reatment--which
is qu i te limited in H P L C .

Details
One-sample analysis is possible with H P P L C , and
post-run chemical t rea tment is simple. One sample
may b e injec ted as in normal H P L C , o r u p t o 24
samples may be applied before the separation o r be-
fore pre-chromatographic sample t rea tment .

When one sample is used, calibration is available,
as the substance of in t e r e s t may be injected " a few ~1
mobile phase" before and af te r the analytical sample
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The graph shows the results of one of a
series of tests which we carried out in order to

compare the activity of TONSIL bleaching earths
with that of other adsorbents.

Example: Removal of phosphatides

Bleaching of Soybeanoil
Phosphatide Removal
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We supply TONSIL highly active bleaching earths
in various grades for the adsorptive

decolourization of oils, fats, hydrocarbons, waxes
and other liquid intermediate products.

Please write to us if you would like more information.
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Montville, NJ, 07045 USA
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has been injected. Thus, t h e substance circle o f inter-
est is "enclosed" by one circle ahead and one behind
t h e analy t ica l substance. H P P L C , with its two-
dimensional chromatographic fields, makes it possi-
ble t o overlay a sample circle with a calibration sub-
stance ellipse before separation. Both can be applied
by spraying onto the dry pla te before separation.

The sprayed-on circles also may be acid or basic
compounds, thus splitting a n analytical sample mix-
ture into specific substance classes. To free one chemi-
cal-bonded sample pa r t , one can neutralize t h e sprayed-
on "blocker" circle. The separation then is continued
wi thout fu r the r sampling. Of course, there are limita-
tions. Only simple mixtures with a limited number
of compounds are applicable for such manipulations,
and only chemically stable substances can b e used for
class separation steps. In the la t te r case, we did not
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FIG. 3 . R e s u l t s of integrated computer averaging of the chro-
matogram s i g n a l {CAT}.

PTFE sample glass layer

, ~ ~ ~ _ . J ~as

f/222/.:'2///222222.//.~ ~ / A (/////////////////,,~

~///////////////"/////////////////////////////// t
mobile phase & focussing solvent sample line

flush gas to ~ . sample,

-2222-222222--22-. . ~ v l ~ - - - - 1 i:.-------:.:.221
view f~'om top~ / ] radius of gas channel 4...6 mm

FIG. 4 . Sampling combined with "in-plate" s a m p l e prepara-
t ion, ex trac t ion and focusing into a sharp start ing circle. This
t o o l w a s u s e d to directly inject b l o o d or serum of 100 ~ vo lume
but s t i l l kept the s a m p l e area s m a l l and the start ing substance
circle sharp. I f vacuum i s u s e d i n s t e a d of f lu sh gas, the sample
p u m p e d into the plate c a n be w a s h e d . If g a s i s used for flush-
ing, the sample f i e l d can be extracted and the extract focused
a s s h a r p circle i n the d i m e n s i o n shown from top. Actual circle
diameter can be 2 0 m m or l e s s . {Diploma thes i s Anja Bolz and
Gerhard Hartmann, Prof . W . F u n k , Fachhochschule Gie/3en,
Fachbereich Technisches Gesundheltswesen, I~6300 Gie/~en,
F.R.G.). The authors t h a n k Anja Hartmann, Gerhart Hart-
mann and W . F u n k for their contributions with HPPLC.

find complexity limitations; m o s t complex mixtures
allowed separations into substance classes.

The separation runs e i the r u n d e r complete com-
p u t e r control o r is done b y hand. In t h e lat ter , the
mobile phase is pressed by hand through a syringe
into t h e glass-covered plate. A Hamilton "gas-tight"
1000 IA syringe, for instance, survives 20-70 b a r pres-
sure, although certified only for 7 b a r pressure. Post-
run chemical sample reactions may dramatically en-
hance the selectivity o r sensitivity of t h e detection.
Fo r 1-24 samples separated in 1-2 minutes , t h e ana-
lyst needs 500 t o 1000 i~l mobile phase. Any LC mo-
bile phase can b e used. The quantitation is done in
t h e absence of the mobile phase. More mobile phases
are available for H P P L C than fo r the HPLC elution
technique.

The "co lumn" is completely iner t , covered by
glass on both flat sides. It is opened before quantita-
tion and thus allows direct access t o the separated
substances. The p lana r stationary phase bed is a sub-
stance-storing (data-) bank. The cri t ical limit of H P P L C
is t h a t it cannot b e applied e i the r for separating vola-
tile compounds o r for substances destroyed b y air or
l ight if decomposed in to volatiles.

Comparisons
Basically, H P P L C is an isocratic L C process which
results in a programmed separation. It is finished
within 60-120 seconds regardless of the n u m b e r of
samples applied. The separation of up to 24 samples
runs simultaneously. H P P L C uses the circular sepa-
ration mode by development or is used in a flow-
through mode. The use of pressure in planar chroma-
tography was introduced in the 1970s by E. Tyihak,
w h o is considered the pioneer of H P P L C . H P P L C
differs from O P L C , H P L C , T L C and H P T L C in the
following:

(a} The H P P L C plate is cleaned chemically under
high pressure in minutes.

(b) One sample is injected, or m a n y samples are
stamped onto a circle line; the latter mode uses David
Fenimore's circular transpotter (7).

(c) The mobile phase is injected quantitatively
by volume under digital control.

(d} Quantification is done after removal of the
mobile phase at changed angles, ending up under
conditions of comparability with only one sample cir-
cle, the data summarized using the N M R computer-
averaging technique {CAT} {Figs. 2-3}.

(e) Sample capacity is 1-24 at 100 nl to 100 ~I (48
samples anti-circularl.

{f) On-plate enrichment and focusing are possible
and are necessary at the 100 ~I per sample solution
level.

(g} Substance capacity ranges from 10 m g to sev-
eral femtograms.

{h) Separation mode is circular a t one minute sepa-
ra t ion time, 600 I~1 phase.

{i) The qualitative chromatographic range is within
k>0.1 t o k a t 1000.

{j) K-data t r ans fe r qual i ty H P P L C to HPLC is
within 1-2% accuracy.
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(k) Separation s y s t e m is completely inert u s i n g
glass as the t o t a l environment.

(1) H P P L C is digi ta l and fully instrumentalized,
b u t can easily be run by hand as the mechanical steps
necessary are rapidly finished.

H P P L C differs from HPLC because (c), (d), (f),
(h), (i) and (1) are not available with H P L C . H P P L C
differs from TLC and partially from H P T L C because
(a), (b), (c), (f), (g), (j) and (1) are n o t available with
TLC/HPTLC. H P P L C differs from OPLC because (b),
(c), (d), (f), (h), (i), (k) and (1) are not available with
OPLC.

Practical steps
In the simplest operation, one sample is injected in
H P P L C , j u s t as with HPLC tools into HPLC-packed
columns. Single-sample analysis allows absolute
quantitation as well as external standard analysis.
The s tandard and main substances of in t e r e s t a p p e a r
a t different rad ius positions although the "external
s t a n d a r d " substance may be chemically t h e same
substance of analytical interest. This is possible b y
t h e so-called deferred mode o f cal ibrat ion used in
elution chromatography applicable in H P P L C as de-
velopment chromatography due to the digi ta l charac-
t e r of HPPLC. Figure 4 shows how samples solved
in volatile solvents may be applied and enriched in
the stationary-phase field u s i n g flowing gas as the
concentrator. The sample, o r its extracts from any
complex matrix, can b e enriched on a sharp s ta r t ing
circle.

Figure 5 shows multiple scans of the sample and
its calibration standard, applied before sampling. Fig-
ure 6 shows the sharpness of circular signals possible
when u s i n g consecutive sampling steps of t h e same
substance with intermediatedigi ta lmobile p h a s e injec-
tions. It gives an idea about the possible separation
efficiency of circular p lana r chromatography u n d e r
high pressure.

Due t o high pressure (3000 kg on 7090 mm2 glass/
stationary phase/glass sandwich}, the mobile phase
flow into the circular p lana r field is 10 times fa s t e r
t h a n normal. This high pressure mode allows the com-
bination of any useful pair of mobile phase with sta-
t ionary p h a s e and provides chromatographic f reedom
t o optimize a specific separation. In addition, H P P L C
allows multiple development, taking approximately
120 seconds per mobile p h a s e chosen.

H P P L C u n d e r the one-sample separation condi-
tion is rapid; sampling 24 t o 48 spots, although time-
consuming, is possible. The lat ter , however, is limited
to substances s table in air and light. Mater ia l con-
sumpt ion p e r sample is small. To ta l material con-
sumption reaches 1 ml clean-up solvent (to br ing the
stationary p h a s e of ready-made H P T L C glass pla tes
into a repeatable chemically c lean status}, plus 1-2
ml mobile phase fo r t h e final separation step, plus 1
pla te p e r run. This can be expensive if the one-sample
mode is used with chemically bonded phases of costly
plates, b u t clever clean-up may allow reuse o f the
same pla te .

H P P L C is especially useful for "d i r ty" samples,
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The graph shows the results of one of a
series of tests which we carried out in order to

compare the activity of TONSIL bleaching earths
with that of other adsorbents.

Example: Removal of chlorophyll

B l e a c h i n g of S o y b e a n o i l
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or samples which simply cannot be injected into an
HPLC column more t h a n several t imes . Enriching o r
pre t rea tment of samples is possible (Fig. 4). Part ial
or t o t a l overlapping, mixing dur ing sampling wi thout
s ta r t ing chromatography a n d many more steps t o
solve specific analytical problems show t h e flexibility

! I ~ I " ~ Y . . . . . . AIII • , N i . , , ~ i ~ , s c a n n e r t r a c k
i / -,>,. k
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i n t e r e s t

FIG. 5 . Quantitation concept i n s i n g l e s a m p l e analysis. A r e a
A, mean of the part of the to ta l c ircular substance fine A. This
part represents (2 X ~ X dA X A)/w of the to ta l substance
amount present i n the layer; w, w i d t h of the scanner f ight beam
window; dA, diameter of analyte circle. I t c a n e a s i l y be calcu-
l a t e d in to the to ta l substance s i g n a l . The lat ter i s to be com-
p a r e d with the to ta l s tandard s i g n a l {2 X ~ × dSt X St)/w. dSt
-- diameter of s t a n d a r d substance circle.
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FIG. 6 . Direct enlarged computer i m a g e of a part of the H P P L C
layer. The circles represent sharpness and pos i t ions of consecu-
t ive inject ions of the s a m e substance but using a m o b i l e p h a s e
of utmost e l u t i o n strength. The substance runs at the front of
the consecut ive injected m o b i l e p h a s e por t ions . The circles are
s o sharp that convent ional scanners cannot quanti tate without
d a t a falsification. Direct i m a g e process ing , however, c a n q u a n -
t i ta te such s h a r p H P P L chromatograms a n d will be u s e d when
layers based upon sharper cuts of s m a l l e r part iculate matter
are available commercially.

of p lana r chromatography. H P P L C offers the w i d e s t
range of sample volume application of any chromatog-
raphy technique. It can be used for classical HPLC
and TLC applications, as well as direct blood, serum,
s p u t u m and urine analysis wi thout any external sam-
ple preparation.

The separation may end u p with 10 to 30 concen-
tric circles. The l imi t of t h e peak capacity (number
of base-line separated circles) reaches 50 u n d e r opti-
mum conditions.

Mater ia l data
Any mobile p h a s e can be used, although the more
volatile ones are prefer red . Normally, de tec t ion is
performed af te r removal of the mobile phase. There-
fore, we need not consider cut-off values for optical
characteristics in t h e 200-800 nm light wave leng th
range.

Mobile phases with melting points below 150°C
are applicable. Multi-mobile phase application is pos-
sible with or wi thout removal between phase changes.

Fo r stationary phases, silica gel chemically bonded
phases with t h e functional groups -CH2-OH, -phenyl,
-phenol-OH, -NH2, -CN, -(CH2)7-CH3, -(CH2)I7-CH3,
chiral phases on ready-made glass plates are applica-
ble. All must be cleaned under flow-through condi-
tions under pressure. Removal of the 0.2 mm-thick
porous layer during the clean-up phase is a rapid
process when gas and heat are used.

HPLC is a perfec t prechromatography step, not
only for H P P L C sampling. This is also true for any
p lana r chromatography mode , in which reconcentra-
tion of the t ransfer red substances is possible b y re-
moving the mobile phase used in HPLC and refocus-
ing the application spot, band o r circle. Circular pla-
n a r chromatographic techniques, however, are prefer-
able, or else refocusing may be too time-and material-
consuming.

Due to simple access t o the opened p lana r chro-
matographyfield,d ipp ing and molecular spray-on tech-
niques allow post-run reactions. These can be done
af te r mobile p h a s e removal in a gas p h a s e reaction
chamber u n d e r very high electrical forces, u s i n g any
level of temperature t h a t the substances in the layer
can accept, a n d even for long periods.

Biochemical reactions, with their specificity, are
as useful as reactions done u n d e r the closest contact
o f t h e p lana r chromatography field with a planar-
emitt ing field (a "sending" field) fo r substances. The
la t te r may t o u c h the H P P L C pla te , applying heat on
t h e sending side and cooling on the receiving side.
Or, both layers may b e kept several I~m apar t , iso-
la ted b y the gas phase. Concentrated H2SO4 o r o t h e r
aggressive agents may be "molecular-sprayed" wi th-
out damage in this manner.

Detec t ion and measurement
Detection is done with or wi thout post-run chemical
derivatizations of the separated substances on t h e
p lana r field by direct image-processing {8-10) o r b y
in situ optical scanning. There current ly is one com-
mercially available scanner t h a t fulfills the require-

JAOCS, Vol. 66, no. 1 (January 1989)



INSTRUMENTATION

ments of quantitative H P P L C : the C A M A G H P T L C
scanner model II with digit izer and RS 232C inter-
face {CAMAG, Muttenz, Switzerland}.

The H P P L C plate, in its circular holder, is moun ted
onto the circular scanning device within the C A M A G
scanner and quan t i t a t ed a t the opt imum wavelength
for the substanceIs) to be detected. The scanning di-
mension is adjusted t o a light-sensing window of about
2 t o 5 mm × 0.1 t o 0.3 mm. This window is moved
linearly above the H P P L C pla te a t a speed of 10 t o
20 mm p e r second, amount ing t o a b o u t 2.5 to 5 sec-
onds of scanning time p e r track. One o r a few o f those
tracks are scanned a t changed pla te positions. The
scan mode can be linear, c ircular o r tangential and
a t one or many differing wavelengths. Approximately
500 to 1000 raw da t a of 12-bit resolution are stored
p e r t rack onto a hard disk or da t a disks u s i n g the
scanner-controlling laboratory computer.

Specificity of detection is selected b y the chosen
wavelength of remitted UV light within a band width
o f 10-30 nm, or by digitization of the intensity of
emit ted fluorescence l ight induced by sharply fil tered
UV light. In case the substances are directly {or a f te r
derivatization) active within a visible range of l ight ,
cheap optical RAM with 64,000 light-sensing pixels
can be used for a rapid total-area quantitation. An
Apple IIe or Apple IIGS compute r is capable o f con-
troll ing the scanner, o r handling the op t ica l RAM
signals. F a s t IBM PC {clones} with 80386 microproc-
essors a t 25 MHz offer a da t a t rea tment speed of 6.13
MIPS and make rapid pos t - run in tegra t ion of t h e
many H P P L C data t racks . However, 80286/12 MHz
computers o r a Macintosh II with 2.5 MIP offer ac-
ceptably fast da t a reduction as well. Even an Apple
IIe o r Macintosh plus o r a normal IBM PC AT allow
acceptably rapid da t a reduction. Macintoshes sup-
port t h e detection and quantitation elegantly b y their
graphics capabi l i ty , important when working with
huge amounts of d a t a . In fac t , H P P L C is the most
data-intensive version of all chromatographic tech-
niques.

Because properly selected laboratory computers
are cheaper than classical laboratory recorders and
intelligent p lana r chromatography software is avail-
able (11), H P P L C quantitation is a rapid and elegant
process. W i t h o u t laboratory compute r application,
however, the time for quantitation easily exceeds a
fac to r of 100 for t h e separation time. In case of simul-
taneous multiple-sample separation H P P L C , detection,
quantitation and calibration are done as in normal
HPTLC. In case of single sample HPPLC, calibration
is done u s i n g a s tandard- -sample- -s tandard injec-
tion of e q u a l volumes with e q u a l mobile p h a s e injec-
tions between the three injections. A "distance" of
50 ~1 mobile phase, for example, is used be tween the
beginning of the analysis and consecutive sample--
standard injections. The three circles o f the analyti-
cal sample and the standards consist of e q u a l chemi-
cals; therefore, we do not need substance-specific cor-
rection factors. However, a position-dependent cor-
rection fac to r is necessary; t h e quantitative s igna l of
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INSTRUMENTATION

a g iven a m o u n t of substance depends on the local
position of the substance in planar chromatography
(7).

Application
Some practical applications for H P P L C include the
following:

• Hard drugs in blood, s e r u m and u r i n e at the
n o r m a l concentration level (1-100ppm).

• Specific compounds such as cholesterol or caf-
feine in blood, urine and saliva (at the 3-200 mg/100
ml level).

• Round-robin tests for cholesterol in a synthetic
sample compared with quantitative GC (HPPLC cho-
lesterol d a t a - - l l . 4 _+ 0.26 mg/g; GC cholesterol d a t a - -
11.3 _ 0.5 mg/g).

• V i t a m i n B12 in a complex organic environment
not applicable t o H P L C . The data quality of a non-
linear calibration c u r v e in the 1 t o 5 × 10-9 g/spot
level had an overall statistical quality of 1.3% _
0.7%. The 1.3% m e a n s the mean difference between
found and calculated amount; the 0.7% is the mean
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standard deviation from data point t o data point of
the t h i r d degree nonlinear calibration curve.

H P P L C is directly compatible with micro-packed
HPLC fused silica capillaries. The flow through such
an HPLC capillary is quantitatively accepted by a
well selected H P P L C plate at a local transfer speed
of 1 mm]s in direct mechanical contact. The outlet of
the HPLC capillary "writes" onto the circular mov-
ing plate surface sorbing quantitatively the 1 t o 20
/A/min flow. A further and then second dimension
separation run u n d e r H P P L C conditions may follow
after proper refocusing of the transfer line from the
HPLC system. The first dimension might have used
an amino-bonded stationary phase. The second di-
mension on the H P P L C plate might use a chiral phase,
separating the first dimension subtances into D, L
species.

This new technique is capable of offering rapid
ion chromatographic separations, as the entire in-
strumental environment around the stationary phase
is glass. The HPPL-chromatograph working at 3000
k g pressure is commercially available {11).
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