
The gas-liquid chromatographic -separations of methyl-, ethyl-, and dimethyl- 
-naphthaleneisomers on the nematic and supercooled regions of N,N’-bis+methoxy- 
benzylidene)&c’-bi-p-tohGdine are presented and compared with the results obtained 
on othermateriais. me unique selectivity of this liquid erysta& based upon differences 
in the ~ole&&ir length-t&breadth r&io of the solute positiooaI isomers, has enabled 
the complete separation of these naphthdene homofogues. 

The a&l-substituted naphthalenes are important in oil-spill studies because 
of th&r to&c propeiEies5 and the& relativtily high water solubilities. These compounds 
arCharmful io marine plant and animal life at the pg/kg concentrations. Thus, it is 
:imp&tant.to determ&e the.amounts of these compounds in sedim&s, fish tissue, and 
sea-water in order to as%-. the effect of an oil spill OIL marine fife. 

G&liquid chromatdgraphic (GEE) separation of the positional isomers of 
the&timpounds .is diEc&t &cause thee boiling points are nearly the same. For 
exampIe, three pairs of the dimethylnaphthalenes have boiling points within 1” of 

r each other. &fast of these &oh& pai& can .be‘separated by ti&-eEcieicy capilhuy 
Am&$-however, 0116 or two pairs still might remain UB.ESO~V&. 

_. It htis b-n recognized that exceifent separation of positional isomers can be 
achieved using nematic Liquid crystal as a- GLC liquid I;hasei Because of rhe rodiike 
shqxi and:the ordered arrangement of the mokcu@s, liquid crystals .exhibit unique 
%oiverit ~rop&ti& Themore rodme a solute mokcuie is, the easier it fits into the 

:. --&q&a cq&.l %t&Pand hence the- greater its soIub%ty; Liquid crystar separation 
.$&~&& select&eiy.,disc&nin@e OS the basis Of molecular shape. For -0 solutes with 

. . : -the s&e-boil.&pomt, tbe.solutk. with the gre&r~length-to-breadth ratio wiH be re- 
tained longer ,opa +C.Cohunn. 

.: 
-._ 

-. %niriik$ alY2 have shown that the Ii&id &y&d N,N’ibis(p-methoxy&nzyli- 
--: .-, d&e)&‘-bi-ptoh&&e~ ~(BMBT). is a good solvent for the ch&natogra$ric sepa- 
-. ,~tio~ofpol~~mafic=h~~~~- It is&e objekof this pa&r to evaluate BMBT 

.: .-I: for-the &&ration of a&y&subst@ted napbthak&e&The prop&ties ofthe su+-cooled 
’ _; .~@~o&~hf’&is. Liquid -&yst& .kiB be em~#asjzed.~ I :. I 

.-... ~.. - _- -’ .: ’ 
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~- %czuse -of ffie- &iEcUl~ in fig&g. a suitable &vent for r&r$s&ti& the 
.-.I- 

BMBT~was‘tised~& it v&s oh&r&fro&-the ma&facturer.~~ts @u&y&~~~fcunc$ G b& 
igreater than 99 % by dif%rential-scanningcalorimctj, The solid ?. nematic transitioti 
(181”) arid the. ncmatic +- isotopic transitions ($20”) were in-excelhznt &gr&ment~with 
the data published by the manufacturer. -. :.- ..-. -. 

.kI .... .- 

The solid suppOrt used in this study -was. l&-120 .mesb. HP CGomosorb W. 
.:..... 

!i’ke support was coated. with the hquid crystal by using chloroform as tile solvent, 
-followed -by- gradual solvent ehmination through rotary vacuum evaporatienl- The 
packing &as resieved to 100-120 mesh and then packed into -2-m. x 3.2~mm-CID. 
st&lesS-stee1. col&~s. Prior to uses the. columns-were conditioned ‘at 200” for 24 h 
wi&&.the carrier gas flow-rate set at 20 ~cm3/mid. The effiuent. was monitored by-a hy- 
drogen ffame detector. A lo-mV recorder w&h a chart speed m&e of O&15 in&in 
wasu@to &cord chromatogr&ms from which retention times and colirmo. etFciencies 
were-determined. The flow-rate was measured with a soap-Glm n?eter, 

Individualliquid samples were injected with 2 l&p1 se-e, &ing the smallest 
detectable sample size. The solute pair adjust&-$%&ion times were .detcrmiried by 
taking the average of at least three-measurements. It wase&ablishedthatthesolutepair 
adjusted retention times were independent of sample size in both the nematic andsu- 
p&ooied regions of the liquid crystal stationary phase. 

RESULTS AND DISCUSSION 

Dewar and Schroeder”, Barrall et aL4, and Kelker et a1.’ have observed that. 
packed columns containing liquid crystal stationary phases all supercool; Chow and 
h&tire6 have observed, from calorimetric mea&rements, that the in&mediate state 
obtained on’ cooling the nematic phase of 4,4’-dihexyloxyazoxybcnzcne. was liquid 
crystalline. We investigated this eEect by measuring the retcntion volume, V,, of 
solute molcc&s ei.uted from a packed column Containing BMBT- as the stationary 
phase. In Fig. i a-plot is shown of the log VR of thesolute molecules i& and 2,6- 
dimethylnaphthalene verJlrsthe reciprocal temperature. The half-EMcircles represent 
the data obtained by heating the co@mm from room temperature to 18.0?, The low. 
Vi values for the two soh~tes and the absence of any sep&ation indic+e -that sohd- 
B&%BT. crystal .is a poor solvent. Just before, the cry&l --t nematic melting point- 
(1%“) the VR values rise sharply and the.solute molecules are separated, Above the 
melting point- YR -dccrcascs line&h with increasing~.tem~titure. .The v, values ob- 
tained:by cooling the colti are shown as open. circlesfer 2,f& and %kzdcircIes for ,.. 
l,S-dimethylnaphthalen& These plots are linear to nearly QO”, 65: b$iew t&e nor-r%@ 
-nematic --P crystal me&&g @o&.-At 117” the Sr, values drop. shyly .anQ.appr&nch 
the values obtain&l -for thi BMBT cr&ai. . . C&u&k& and Sol&y’ have. observed. a _- 
similar behavior &th capil!iary columns for the liquid.-cr&& p-azox&isole+ Thei. 
~discussed .the possibility-that this hysteresis behavior may be due to scmc’kmd~.of.sur~ 
fas& &entaticn: or a superc&$ing of the liquid-crystal: Both .thesc~henbmen&- are 
+ll-known from-liquid crystalstudies, .We feel th&dooling the n+ticphase below -~ 
the n&-mal tin&c 4 cmtal me@ing tempcra~.~results ‘14 :a s&F.*kzd; $e$m ~- 
that ii idetitical-to &‘&&a tic re&ion.irI $hysica+d .che~~~p~op&~eC~.a+ : : . . . . :- .:- ..: 

:...’ -- .-._ .: . . . . y.. ..- 
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Fig. 1. Dependence of the retention volume of 1,5- andZ@iirneffiylha_Dhtha!ene (1,5-DMN and 2,6- 
DMN) ?n the columktcmperature iu N,~-bbi~d~e~~-b~-~to~~~e nematic 
and su~!ed &ases. @,I,5 and 2,6dimethylnaphthaIene, heating; 8,l,Sdimethyk~phthaIene, 
coding; 0,2,fXimetbyluaphtbaIene, coo&g. 

ment+gainst theexistence of a supercooled retion as stated by Gr&ka and Solsky’ 
-is that the m&ophase should not solidify at a given temperature,. brat should depend 
upon the cooJ.ing.rate. We foudn, in mmlerous repetitions of the experiieni with vari- 
ations h the duration of the cooling process, that the mesophtie always soIidi&d 
at a temperature between 118 and 117.2”. 

\ 

The existence of a supercooled region essentially e&ends the temperature range 
of the Iiq@d crystal column. fn order-to evaluate the solvent properties of this temper- 
ature-region- we-measure d the ~paration factor, CL, for the solute pati. L-ethyinaphtha- 

: Iene.(b.pi.259?) tid.2ethyInaphthalene (b.p- 258“) in the n&ma& and supercooled 
r&iops of B&&T. The results of these measureme& are shown in Fig. 2 as a plot 

- of a versrts the~cohmm tim@erature, T@e inferestiig feature of this plot is that there is 
no &brtipt &an& ti a-at or near 181” (dashed line), indicazing that the supercooled 
regi‘& acts aS an extention of ihe nematic p~hase. 

: L : : IQ Fig: 3 a. plot iA shoti of the m&ber of theoretica! plates &WS the column 
: : ~em@eraQ&f& 2~~y~~ph~~a--being,e~u~ frOrr- & BMW cohumn at a constant 

1 
-c&x& ,llbwde of 22 cm”jmin. Th& fiov+rate was &&en because it represented the 
y <&& & tie m&&n&of V& Dee&er plots at 22$Y, 180”, -156:, and 130”. A decrease in 

: :-&b&i egcielicu with ii*i*g &kqnyature is typic&of Columns c0+ining IicpGd 

:i. _._.. 
_ ..: 

_ . . . 
:‘~ 



of I- and 2ethylnaptrthalene OS 



TEMPERATURE, *C 

theoretical plates rekzs temperature for the solute pair l-ethylnaphthakne/2-ethyi- 
naphthalene. In the nematic region (195”) this ratio is equal to unity, which indicates 
that at this temperature the column has a just sufficient number of plates to give a 
baseline separation ofthe solute pair, whereas at 12Y’, in the supercooled region, the 
number of theoreticalplates is three times that required for separation. The number 
of thtiretical plates required to separate two peaks, Nrccl., was calculated from an 
expression derived by PurnelP 

where Vi is the dtid volume of the cohtmn and VR is the retention volume of the more 
retained peek. 

In Table i the relative retention data (naphthalene = 1) are given for some 
aiky&substituted ’ mphthdenes measured on a BMBT column at 130’. Previously 
published-retention data on DC-500 phenylmethylsificoneg~ a p’,_a’-azoxypheneto!e’q 
and a graphitized &u-bon black= are included for comparison_ Xn addition, retention 
data on po&phenyi ether (6 rings), obtained in this laboratory, are presented. 

Table I shows that for the conventional liquid phase @C-500) the d&ion order 
for the isomeric~naphZ&akne homologues corresponds to their boiling points. The 
eIu%on order is different on solvents which are abIe to establish specific interaction 
with ~Aeetron systems of the naphthalene homofogues or which have steric effects 
due to ‘%tting in” of&e solute molecul& in the iiquid crystal L‘lattke”. The elution 
order from BMBT-is typical of that from a nematic liquid crystal in that for two so- 

. h~te%wi+ Shilar boiling points the-solute with the larger length-to-breadth r&o is 
ret&e-d f.onger. The IoFer-boiling l-mefrhyinaphthafene is e&ted a@er Z-methyE 
naphtha@e. Th& is also true for I- and &thyInaphthaiene. Ahother example is that 
of LZ&dimethyfnaphth&&e t&p_; 262”) and 1 &dimethy?&aphth&ene _ @-pi 268”). 
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The retention ratio fdr this pair is equal to two, and the lower-boiiing compound is 
ebrted last. Fig_ 5 shows a chromatogram of the separation of i&dimethylnaphthalene 
(hp. 268!), I$dimethylnaphthalene (b-p. 269”), and 2,34methymaphthalene @.p. 
2687 on a BMBT_&lumn at 130”. The normally difhcult separations are easily 
achievk because the iength-to-breadth ratios of these compoknds are 1.0, 1.2 and 
1.5, res+ctively. 

The eluijon -order for the zzlkykubstituted naphthalenes from the nematic 
liquid crystal p’,p’-azoxyphenetoie is diEerent in some cases from that obtained with 
BMBT.~ The solute 1J-dimethylnaphthalene is eluted before l&dimethylnaphthalene, 
whereas 2,3- and 1,24imethyfnaphthalene are elated after 2,6-dimethylnaphthakne. 
The~expknation of the_elution order is more complex than one based solely on the 
length&-breadth ratios of the solute moiecuks. Martire et ai.” have observed simikr 
results in comparing the retention data on t&o liquid crystals. 

Table II gives the theoretical plate requirements for each solvent in Ta5Ie 1 
for~complete resolution of the solute pairs most diEcult to separate_ In order to cal- 
culate IV,,_ from eqn. 1 it was assumed that V’/VR was much less than unity. For this 
analysis BMBT is the best solvent, since it reqtires only 6,500 plates; in contrast, a 
column for- carbon black, the least useful absorbent, would require about l!X,@XI 
theoretical $ates to effect complete resolution- The retention data on BMBT were ob- 
tained at 135”, which is 46” below the nematic +- crystal meiting point. The reduced 

TABLE ii 

-MOST kFICI.kT jSEPARATIONS 
zAbbreviations: DMN = dimethylnaphthalene; EN = ethylnaphthakne; MN = methyinzphtbalene. 

Di@.dt sepmation Theareticd plates 

l,4-DMN and 2,3-DMX ss,aoo 
2,3-DMN and i,S-DMN - 
2,3-DMN aqd X,2-DMN 



_. -- -. -.J ‘I 1 
. . . . . . 

.’ 
the&etitil plate requirement illustrates ‘the -advanta& &tke~ increased v&b, bf Cr. 
r&&&g from & us& pf-fo* &tion t&+&q&r&~:. .- z ... L- -. .-- 1 ‘1 :- -I 

It is i&e&&g to note that the .t&o.m(?st &mcult septitions for the-EM&’ ‘. 
&t&n, LCthylnaphth~kriel2”re~h~l~~~~~~~ne (a- = l.C@). &d 2-&hylnapl&$&ene~~ 
.1,3-di&thylna~htlm&ne -(a- 4 1.09) are relatively &sy s~p~ationsfor-thc~bdiling- 
ppint c+mn, .DC-550 ~Silicqne, with (t values of -1;69. @d l&S, reQ&tively~ Thus 
2Ymethytiphthalene because of its larger len,&-to-breadth r&i0 is eIu+d just before 
the higher-bdi&ng l-eihyinaphthalene with a small length-to&eadth:ratio. T&e &me 
is &true for the. 2;ethy~~ph~ai.3-dimetbylna’phth~-e~e. pair. This behavior is 
typical of highly &&ctive stationary phases such as liquid crystals and can be a deter- 
rent in-t&& use. On the other hand, difficult separations suc$ aS .1,4-; X3-, and’l,S- 
d~methylnaphthalene (Fig. 5) can be achieved with a column Corrtiimng a relatively 
small number of theoretical plates. 
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