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ABSTRACT

The past year has been a very good one.  Studies having broad

general applications and implications have been completed with better-

than-hoped for or entirely unexpected results in three areas:  high-

precision gas chromatography, high-pressure liauid chromatography,

and separations of enantiomers.  Two other areas, separations of

isotopically-substituted species and super-critical gas chromatography,

have successfully passed through the testing stage and are providing

"             "new, interesting results.  Even a  long-shot  came through:

a means was devised fbr imposing an electrostatic field on a gas-

chromatographic column so as to change the selectivity of a liauid-

crystal stationary phase.
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INTRODUCTION

In two different areas, we are leaders in the state-of-the-art

by an order of magnitude.  Although one of these areas, high-

precision chromatography, may sound esoteric and as though it were

only of academic interest. we have shown how it can be used to

advahtage in optimization studies such as those freauently carried

out in developing a method for process-control use.  In addition,

we have shown how a high-precision chromatograph can greatly simplify

analysis of trace components whose peaks badly overlap the peaks of

major components.  Although most of our high-precision work to date

has dealt with homologs and isomers, it is currently being extended

to isotopic species.

The second area in which we have a uniaue capability is in

high-pressure liauid chromatography.  In the past, the relative

compressibility of a pure species or of a solute has been studied

by a number of investigators, but our chromatograph has been the

first to apply those changes to advantage in separations.  The

changes in the distribution ratios with pressure for similar

compounds seem to be sufficiently different to make important

improvements possible in the resolution of their chromatographic peaks.

In addition, one can observe major changes in conformations of

large molecules using steric-exclusion chromatography at high

pressures, a finding we are starting to exploit in studies of

polymeric systems.

The last area that deserves special attention is our work

with liquid crystals:  a "wild idea" that worked! In brief, we



'.

-3-

combihed two previously independent effects:  the use of liquid

crystals as a stationary phase for gas chromatography and the use of

an electrostatic field to change the orientation of liauid crystals.

The result is a column with a selectivity that can be modified by

the applied potential.  Although we have not done so. the techniaue

should also be suitable as a means for characterizing the liquid

crystals themselves.

In the main body of the report, the topics will be discussed

in the same order as in last year's proposal. This should make it

easier for the reader to compare our accomplishments with our

aspirations.

HIGH-PRECISION GAS CHROMATOGRAPHY

A major fraction of our effort has been devoted to the

preparation and chromatographic characterization of pure oligomers

of polyethylene glycol for use as stationary phases.  As reported in

COO-1222-49, when the Rohrschneider Constants for five oligomers

were plotted, smooth curves were found, each of which had a distinct

break between five and six glycol units. The breaks were attributed

to a change in conformation for which others have previouslY reported

based upon different types of evidence (1,2).  The important point,

however, is that the instrumentation we have developed makes it

relatively fast and easy to use gas chromatography to compare

closely related liquid phases and to detect subtle struc ral
differences when they. occur.



Another major fraction of our affort has been devoted to

computer simulations and experimental verification of a different approach

toward chromatographic analyses.  Repeated injections of a sample

at short, fixed intervals will overlap two or more chromatograms.  In

COO-1222-43, two cases were reported where the techniaue proved to be

particularly. advantageous. Where  a  peak  for a trace component  is

overlapped badly by the peak for a major component'. an injection

interval  can be selected which results  in a virtual deconvolution.

Easily measureable peaks for the trace component appear on a nearly

flat baseline formed by overlapped peaks of the major component.

The second case involved-badly tailed peaks such as those

frequently encountered in gas-solid chromatography.  Repeated injection

of a sample resulted in greatly decreased tailing because the most

active sites on the surface were continuously covered. As a result,

auantitation was easier and more reliable.

The third major fraction of our work in high-precision chroma-

tography has been devoted to implementing on-line computer control

(COO-1222-44).  On the basis of that study, there is no auestion

that substantial time (more than 50%) can be saved by using on-line

computer control for optimization studies.  Such on-line instrumentation

would auickly pay for itself when highly repetitive process-control

analyses were involved.  In the same publication, trade-offs between

the cost for more core memory and the programming time saved by

having more memory, that permits use of a high-level programming

language (Fortran) were discussed.
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The computer-controlled chromatograph has been used to study

optimum conditions for separations of pairs of homologous 11-alkanes .

Although prediction of optimum conditions for a given separation

would require very detailed information which is simply not1

available (e.a.. diffusion coefficients in gaseous and liauid

phases at different temperatures), our work has shown that many of

the changes often compensate for one another to a large extent.

Hence, the net changes are much smaller than expected.  As a result,

optimization of conditions for a mixture containing only a few

components· may prove to be much less formidable than anticipated.

The detailed results of this study are being readied for publication.
.S

Before concluding this section of the report, it is appropriate

to note that some of our recent work has already made an important

contribution to chromatography.  Two years ago, we had difficulty

convincing others that mean retention times in gas chromatography

could change with flow rate of the gas (3).  More recently, we

showed that this was far from unusual, if the conditions were right,

for a number of species when using porous adsorbents (4).  As a

result, it was particularly gratifying to find in a recent journal

article a theoretical justification for such behavior (5) in terms of

slow diffusion as we had suggested.  Likewise. the converse is possible:

determinations of diffusion coefficients from gas chromatographic
' data. Without the digital control of our system, the data would have

been impossible to obtain.
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HIGH-PRESSURE CHROMATOGRAPHY

By far the best progress and most unusual results have come

from our studies using high-pressure liauid chromatography.  Only

at pressures greater than 10,000 psi, the highest attainable on a

commercially produced chromatograph, are changes in the distribution

ratios large enough to be generally useful.  First, in COO-1222-48

we have demonstrated using bovine plasma albumin not only that1 '

steric exclusion chromatography is possible but also that it can be

used to follow changes in the conformation and/or state of aggregation

of large molecules.  Pressure appears to be a very informative and  '

easy-to-use variable for characterization.

Second, we are readying for publication a summary of our work

on the methyl- orange system.     This work. progressed more slowly

than we had hoped largely because the results were so unusual

that we felt compelled to check them in every conceivable way.

In addition to the changes with pressure for the· distribution of

solute between water and the silica surface, abnormally large

molecular weights were obtained using steric-exclusion chromatography.

Many experiments were done to rule out adsorption 6nto colloidal

impurities and charge repulsion of the solute, both of which would

have led to abnormally high molecular weights. As a last resort,

we suggested an explanation in terms of recently proposed concepts

of water structure. We are now extending the study to other solutes

in the hope of gaining new insights.
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A second area of high-pressure research, super-critical  'gas"                 I
chromatography, appears to have passed its last major hurdle and

is now ,performing as we have long hoped it would. After months of

delay waiting for a manufacturer to meet our specifications for a

sampling valve, we have successfully separated polycyclic hydrocarbons

using a pentane-alumina system reported in the literature (6).

Now, experiments are underway to explore large polar species which

will make possible critical comparisons with liauid chromatography.

ENANTIOMERS AND ISOTOPICALLY - SUBSTITUTED COMPOUNDS

Separations of enantiomers, as a class, represent difficult

separations that are best described as being of "classical". but

continuing, interest.  In addition, we considered them to be a. good

training ground for studies of isotopically substituted species, which

generally represent a step higher in the order of difficulty.

Three important findings were made during the past year.

First, when an optically active liauid ureide was allowed to solidify,

the selectivity ratio toward volatile derivatiyes of enantiomeric

amines and amino'acids was noticeably improved (COO-1222-41).

"However, an investigation of other optically active ppecies showed

that the ureide was an exception rather than an example of the

general rule (COO-1222142).  More important was the finding that

very similar amino'acids sometimes produced greatly different peak

i
widths even though their retention times were nearly the same.

It appears, therefore, that steric considerations may sometimes lead

to a much greater spread in the energy of an interaction or in the rate

at  which  one  type of molecule attains  its equilibrium state.     More work needs

to be done to clarify the causes for the unusual behavior.
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Finally, the latter study also demonstrated that when optically.

active dipeptide derivatives were used as stationary phases, the

amide end of the dipeptide appeared to be the primary interaction

site.  Although the ester end exerted an important influence on the

extent of the separation, it was nearly powerless to effect'a

measureable separation by itself whereas the amide end could do

so alone.  That information should be helpful to chemists interested

in synthesizing more selective stationary phases for separations of

enantiomeric amino acids.

A broad program aimed at separations of isotopes and isotopically

substituted compounds has been started.  Using perdeuterobenzene,

and its protium counterpart, significant differences in retention

times have been measured using both packed columns and capillaries.

This apparent duplication of effort was worthwhile because,. although

capillary columns are the more useful analytically. packed columns

will be necessary later when significant amounts of the products need to

be isolated.  Up to the preseht, we have punched out digitized data

onto paper tape.  However, delivery last month of a small computer

system will make possible a considerable saving in time by having

-          the computer acauire and process the data directly.  Design and

construction of an appropriate interface is now underway.

With respect to the chemical aspects of the system, the most

attention has been given to the nature of the stationary phase.

To date, the largest selectivity ratio (1.07) has been obtained

using aqueous silver nitrate.  Pure water gave a value of 1.03,      /

thereby indicating that interaction between the 'silver ion and the pi .
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sistem was the most important contributor:  However; because water

itself effected an easily measureable difference in the retention                     I

times, other polar liauids are also being examined.  A solid                          i
fluorimated alcohol proved to be too volatile for use at room

temperature, but Fluorolube oil gave a selectivity ratio of 1.03.
For both the water and the Fluorolube system, adsor4tion on the
surface of the liauid far outweighed dissolutioh in the liquid,

as expected.

GEL CHROMATOGRAPHY

As indicated earlier,  much  of the effort  on the methyl
orange system was devoted to steric exclusion because anomalously

large molecular weights were found at pressures near atmospheric.
In addition, changes in the shapes and locations of peaks with

pressure were studied up to 50,000 psi.  Using the new porous silica

beads, reliable studies of molecular size and/or conformation can

be made at high pressures as shown by our study using bovine plasma
albumin (COO-1222-48). We are currently extending the study to

systems« of micelles.

In another study carried out near atmospheric pressure, over-

loading has been shown to be much more serious than expected on the

basic of current practice (COO-1222-46).  As a results going to
wider columns, rather than to narrower, usually improved the

tebolution.   (Although a  'wall effect" waa also incl.i.ided, its. effect
must have been much smaller. )  These results should prove to be

widely applicable in isolations of biochemical species and in
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polymer characterization.

ELECTROSTATICALLY - CHARGED COLUMNS

More than five years ago, the principal investigator conceived

the idea of changing the selectivity of a chromatographic column

by imposing on it an electrostatic or a magnetic field to change the

orientation of the stationary liauid phase.  On two different

occasions,· students worked  on  the   idea  as a sideline but dropped

it when their other research became more demanding.  Last year,

however, the idea was pressed to its first complete test - and it

passed!

  As reported in COO-1222-47, a wire in a glass capillary column

served as one electrode and a coating of graphite-based paint on

the outside of the glass as the second electrode. Using a liquid-

crystal stationary phase, a change from 0 to 100 volts increased

the retention time of a peak for a volatile solute such as CHCl .
3

The first test on a binary mixture of volatile compouhds showed

that both retention times increased, but to different extents

so that better resolution was attained.

At the present time, we are testing other systems.  We are also
writing up a patent application.  Whether or not the technique

proves to be practical for gas chromatographic analyses, its

complementary use for studying liquid crystals may prove to be

worthwhile.
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OTHER ASPECTS

As mentioned in last year's proposal, a computer was being

purchased with funds from the National Science Foundation.  Because

the computer is a new design. many peripherals have only recently

become available.  As a result, most of the system was delivered

at the end of April; the crucial item, a special analog-to-digital

converter has not yet arrived but is expected during the next month.

During the remainder of the contract period, interfacing to the

high-precision gas chromatograph and to the liquid chromatographs

will procede as far as the available funds permit.  In parallel,

we shall spend time converting data-acquisition and control programs

into the new assembly language.

Because delivery of the computer system was nearly six months

later than expected, extansive use continued to be made of the

Computer Center, of the Departmental computer, and of Professor

Perone's roll-around model which he generously made available for

on-line use.  More than $1100 of computer time was made available

on the large central computer by the Dean of Science.  In addition,                  c

the Chemistry Department has provided nearly the same amount of

money for supplieS.  These contributions from Purdue were in excess

of the formal ones listed in the proposal.
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