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ABSTRACT 

Studies using high-precision gas chromatography and supercritical fluid 

chromatography have produced new types of information on liquid crystals and 

on behavior of substances in the regi~n of the critical temperature, respectively. 

In addition, the first successful studies of the effects ofpressure on cation 

exchange have been made using aqueous solutions of alkali metal nitrates. In 

contrast, progress on separations of isotopic species using gas chromatography has 

been disappointing. In that area, the chief accomplishment has been a determination 

of the levels of accuracy and precision with which isotopic abundances can be 

measured using our quadrupole mass spectrometer. 

INTRODUCTION 

·Period of transition 

During the past year, a successful transition has been made from Purdue 

Lniversity to the University of Georgia. Much of the last summer at Purdue was 

spent in dismantling ·and packing both equipment and special supplies for the move. 

Three of the four graduate students who transferred to Georgia were studying for 

their written Ph.D. preliminary examinations scheduled for late August. (Later 

in the Fall, they returned to Purdue for successful attempts to pass their oral 

preliminary examinations.) 

Two students finished their experimental work late in August and stayed 

at Purdue to complete the writing of their theses. Their work is reported below. 

Two others who had just started research, chose to remain at Purdue but changed 



both their supervisor and research area. However, four first-year graduate 

students have recently chosen to do research with the Principal Investigator; 

three have already started research. Furthermore, Professor Harold McBride 

of Nebroska Wesleyan is joining our group for what is expected to be a mutually 

beneficial association. Hence, the rate of progress should soon be much nearer 

to the levels of former years. 

Since arriving on Labor Day weekend in rental trucks, the four students 

and the PI have not only unpacked and reassembled equipment but have also 

exerted a rna j or effort to put three chromatographs and a spectrophotometer on -I i ne 

for data acquisition. Unbelievable delays in delivery of sampling valves (7 months), 

a pressure transducer (5 months), a shaft encoder, and some special electronic· 

components have preyented us from completing the job. However, the end of 

. the summer is our current target. 

Organization of this report 

The.topics will be discussed in the same order as in the Proposal so as to 

make it easier for the reader to check our progress against our goals. There 

have been two major disappointments. First, the isotopic studies have proceeded 

much slower than expected. In part, this has been due partly to equipment 

fai I ure and partly to the chemistry. Second 1 because two Purdue students chose 

not to move to Georgia, a study of optimization in chromatography has not been 

started. However, we have definite plans for starting it during the next contract 

period. 
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ISOTOPIC SEPARATIONS 

Although we are using a mass spectrometer as a detector, our goal is to 

. find conditions that will permit 13Cj12C separations to be quantitated using a 

long capillary column and a micro thermal conductivity detector. For several 

months, we have worked with a polyethyleneimine which showed great promise. 

The resolution on short columns was near 0.03, so a very long capillary would 

have been adequate. However, the columns rapidly lost the ability to separate 

the isotopes. A II types of column pretreatments and carefu I deoxygenation of 

the helium carrier gas failed to prevent deterioration. 

Recently, di ethanolamine has been found to give a simi lor value for 

resolution when tested in short columns. However, volatility of diethanolamine 

may be a problem when we go to capillaries. In any case, we plan to terminate 

this project by the end of the summer, hopefully in a successful way. 

CH30H 

The relative vapor pressures of the 160 and lBO species have been measured 

using glycerol as a stationary phase for gas chromatography. The values for 

CH30H ore well within the experimental error of those obtained by classical 

means. We have just started a series of runs using CD30H. We hope to have 

the data for both CH30H and CD30H written up for publication early in the 

Fall. 
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HIGH PRESSURE CHROMATOGRAPHY 

Liquid chroma ography 

\ Over 10,00 si. Cation exchange studies using NaN03 a an el~ent fa/ 

a sa\le af KN03 f~G 50 X 16 resin, has shawn that a sio/'ificant decr7e 

in rete~tion occurred on going from 25,000 psi to 40,000 p/si/ L? to 25,000 psi, 
\ \ / 

retention\as independent of,pressure. Samples of rubidium nitrate sho.;Ced similar 

behavior. ~lthaugh many mo\runs need to be mad~~appears \~sodium ions 

may be losin~.so.me water of hyd\tion, thereby becoming bett/competitors for \ . I / the sites on the resin. . ./t:-. . 
Lhsuccessfu~~mpts were m\e to d/nion ;Lhange studies using 

pyr~phosphate,. n~tra.'e~ thiocy~nate ~m~ of some t~nsition metals. 

An Important l1m1tatoon was rAe notoc~le)''ttack of the pumpong system by 

thiocyanate and by the dilute~~ to prevent hydrolysis of the nitrate 

complexes. / ~ 
U,der 10,000 psi. Ou~€.gnventiona1\~-pressure liquid chromatograph 

has been pressed into se~ a supercriti~al-f\ uid chromatograph. Hence the 

first group of projected/(J.onlexchange studies has no been started. However, the 

. · · I d. ,/h
8 

. b · . f I . 
supercntlca stu7.s av;e. een qu1te success\. .· 

. The entsed frint (SR0-854-1) shows that we we\. able to fractionate 

a commercJ1 silic1ne polymer inta approximat~y 25 species~ring that study, 

we fou;t~hat smJi I amounts of alcohol greatly affected the resol\ns of cyclic 

and rear spf. Hence, amixed solvent offls an unexpected a enue for 

f~J'1itatinyhe isolation o~ pure. components ~or o\her studies. Final.ly from the 

ce rved · hang es In re ten II on WIth pressure, I I ap ears that the d enso ly o the 
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HIGH PRtSSURE CHROMATOGMPHY 

Liquid chromatography 

Over 10,000 psi. Cation exchange studies using NaN03 as on eluent for 

a sample of KN03 from AG 50 X 16 resin, has shown that a significant decrease 

' ' 
in retention occ.urred on going from 25,000 psi to 40,000 psi. Up to 25,000 psi, 

retention was independent of pressure. Samples of rubidium nitrate showed similar 

behavior. Although many more runs need to be made, it appears that potassium and 

rubidium may be gaining some water of hydration, thereby becoming weaker competitors 

for the sites on the resin. 

Ulsuccessful attempts were made to do anion exchange studies using 

·,.. ·pyroph-osphate, nitrate, and thiocyanate complexes of some transition metals. 

An important limitation was the noticeable attack of the pumping system by 

thiocyanate and by the dilute acid needed to prevent hydrolysis of the nitrate 

complexes. 

U,der 10,000 psi. Our conventional high-pressure liquid chromatograph 

has qeen pressed into service as a super~ritical-flurd chromatograph. Hence the 
- t 

first group of projected ion-exchange-studies has not been started. However, the 

supercritical studies have been qui.te successful. 

\ 
The enclosed preprint (SR0-854-1) shows that we were able tci fractionate 

a commercial silicone polymer int~ approximately 25 species. During that study, 

we found that small. amounts of alcohol greatly affected the resolutions of cyclic . 
and linear species. Hence, a mixed solvent offers o_fl unexpected avenue for 

facilitating the isolation of pure components fc)r othe·r··st"udies. Finally, from th~

obselved changes in retention with pressure, it appears that the de·nsity of the 

' l 
\ 
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fluid does not change I inearly with pressure. We hope to explore this matter more 

deeply in the future. 

After completing the supercritical study, we spent some time trying to 

optimize the resolutions of pairs of linear and cyclic oligomers (n = 4 and 5) 

from the. DC-710 (methylphenyl silicone). More recently, fractions have been 

collected from repeated analytical runs. The goal is to collect approximately 

20 mg of each pure oligomer so that two or more capillary columns can be coated. 

From those columns, differences in Rohrschneider (or McReynolds) Constants will 

be measured using high-precision gas chromatography. In that way, the effects 
. . 

of structural differences between the two types of oligomers can be evaluated. 

The cyclic species (n = 4 and 5) are now available in sufficient amounts to start 

characterization studies. Unfortunately, the minor components (n = 4 and 5 

linear) yield 0.5 mg or less per injection, so many more runs will be required 

before we have enough material. 

One is always concerned about the relative merits of two (or more) methods 

for performing a particular separation. In 1970, using polystyrene, Jentoft and 

Gouw (1) found that supercritical fluid chromatography was superior to steric 

exclusion. Our comparison last Fall of the resolutions of silicone oligomers by 

supercdtical chromatography and by conventional steric...:exclusion chromatography 

confirmed their finding and showed the latter to be far. inferior. However, we 

have just ordered a new packing material, Lichrosphere, which is reported to be 

capable of much better resolution than conventional packings (2). It will be of 

great interest to see how much improvement it offers over the conventional column 

pncki nos. 

'• 
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lhfortunate.ly, time. has not pe.rmitte.d an e.valuation of the. me.rits of 

continuous 11 solve.nt 11 gradie.nts in supe.rcritical fluid chromatography. Howe.ve.r, 

we. hope. to e.xplore. it during the. ne.xt ye.ar. 

GAS CHROMATOGRAPHY 

A study of the. e.ffe.ct of an e.le.ctric fie.ld on the. diffusion of solute.s in 

liquid crystals (chole.ste.ryl myristate.) re.voole.d unusual be.havior. First, a 

11 fronting 11 phe.nome.non occurre.d, the. formation of a 11 ste.p 11 in the. front of a 

chromatographic pe.ak- but only whe.n the. e.le.ctrostatic fie.ld was on (SR0-854-2). 

We. have. be.e.n able. to rule. out impuritie.s as the. cause.. A stirring e.ffe.ct is known 

to occur whe.n some. I iquid crystals are. place.d in an e.le.ctrostatic fie.ld, and we. 

have. sugge.ste.d that it may be. the. cause.. Howe.ve.r:, we. plan to che.ck out the. 

ge.ne.rality of our obse.rvations on at le.ast one. othe.r liquid-crystal syste.m. 

Anothe.r striking obse.rvation was also made. on that same. liquid-crystal 

syste.m. Thanks to data acquisition by an on-line. digital compute.r, we. we.re. able. 

to de.monstrate con~lusive.ly that, de.spite. large. change.s in the. pe.ak maximum of 

solute. upon imposition of an e.le.ctrostatic fie.ld, the. pe.ak moon re.maine.d 

unchange.d. This indicate.s that a major change. in the. mass-transfe.r proce.ss 

occurre.d whe.n the. liquid-crystal stationary phase. was place.d in the. fie.ld. At 

the. same. time., it de.monstrate.d once. again the. de.sirability of using the. me.an 

rathe.r than the. maximum to characte.rize. a chromatographic pe.ak. 

OTHER STUDIES 

As indicate.d oorlie.r, re.producibility studie.s of the. mass spe.ctrome.te.r we.re. 

ve.ry re.assuring. Using C02, Ar, and Ne., abunda~ce.s gre.ate.r than 10% could 
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be measured with accuracies and precisions close to 0.2%. Although ensemble 

averaging (256 spectra) was employed so as to minimize noise, the time required 

for the averaging was much less than that used for another quadrupole 
~ 

spectrometer for which comparable data have recently been published (3). 

As a final point, mention should be made once again of the problems we 

have experienced with slow delivery of a wide variety of components. Despite 

continual pressure to put all of our equipment on-line, frustrating delays in 

delivery of key components have slowed us down. Our target date for completion 

is now early in the Fall. As a result of the interfacing delay and the lack of 

manpower, optimization studies have been postponed until the next contract 

peri~. 
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