USE OF A NEMA’{IC'UQ{HD CRYS’E‘AL FOR THE GAS—LIQUID CHRO-
‘MATOGRAPHIC SEPARATION OF. NAPHI‘HALENE HOMOLOGUES

g ' :S'FANLEY WASIK and STE.VE CHESLER :
Insntaze ar Marenals Researclr Nazzona! Bureau af Staltdardls Wezfi*mgton, D.C. 20234 (US A, )

. VSUNIMARY

The gas—hqmd chromatographlc sepatatlons of methyl-, ethyl— and dimethyl-
‘naphthalene isomers on the nematic and supercooled regions of N,N’-bis{p-methoxy-
benzylidene)-e,a' -En-p-toluldme are presented and compared with the results obtained -
on other materials. The unique selectivity of this liquid crystal, based upon differences

" in the molecnlar length-to-breadth ratio of the solute positional isomers, has enabled
. the cpmplete separation of these naphthal_ene homologues. : :

INTRODU(TI‘ION

, The a!kyl—substltuted naphthalenes are mportant in oxl-splll studies because
.. of their toxic properties' and their relatively high water soiubilities. These compounds
. are’ harmful to marine plant and animal life at the pg/kg concentrations. Thus, it is
:1mpoztant to determine the amounts of these compounds in sediments, fish txssue, and
§ -sea—water in order to ascertain the effect of an oil spill on marine life.
- QGas-liquid chromatographm (GLC) separation of the posxtlonal isomers of
* these compounds is difficult because their boiling points are nearly the same. For
.. _example, three pairs of the dimethylnaphthalenes have boiling. points within 1° of
.each other. Most of these solute pau‘s can be separated by’ hlgh—eﬁiczency capillary
columns, however, one or two’ pairs still rmght remain unresolved. :
o -t ‘has been recognized that excellent separation of pcsmonai isomers can be
o ac!neved using nematic liquid crystal as a GLC liquid phase. Because of the rodlike
shape ami the ordered: arrangement of the molecules, hqmei crystala exhibit unigue
- solvent. _properties.. The more radlike a solute molecule is, the easier it fits into the
= liquid. crystal Slattice ** and hence the greater its solubility: Liquid crystal separation
. solvénts selectively. dxscnmmate on the basis of molecular shape. For two solutes with
- - ‘the same. bodmg point; the solute. thh the greater Iength-to-bteadth ratm will be re-
: ftameé longer on 2 GLC column.
- - Janini-ef al? 2 have shown that the hcp.ud crystai N N -b:s( p—mcthoxybenzyh—
'ene)—a,ci -bl—p-toimdme (BMBT) is a good solvent for.the chromatographlc sepa-
- ration'of polyaromafic hydrocarbons. It is the objéct of this paper to evaluate BMBT
- for the separatlcn of alkyl-substituted naphthalen&s. 'I'he prop"r‘ues of thes superco oled
'regj n 'fthxs hqmd crystai w:ll be emphasxzed S o
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: -"—'EXPERIMENTAL g

Because of the dlﬂiculty in ﬁndmg a smtable solvent for recrystahzatzon, the
VBMBT was used-as it was obtained from the manufacturer. Its purity was Tound to be--
-.greater than 999 by d&eren‘ual-scanmng calorimetry. Theé solid — nematic transition
(181°) and the. nematic — isotopic transitions (320°) were in exoellent agzeement w1th
the data published by the marmfacmrer :

.~ . The solid support used in this study was’ 160—120 mesb HP Chromosorb W
" The support was coated with the liquid crystal by using chloroform as the solvent,
" -followed by gradual solvent ehmmatlon through rotary vacuum evaporatlon The
_packing was resieved to 100-120 mesh and then packed: into 2-m. X 3.2-mm-O:D.
: ,stc.mless-steel columns. Prior to use the columns were: conditioned ‘at 200° for 24 h
- with the carrier gas flow-rate set at 20 cm®/min. The effiuent was momtored bya hy-
drogen flame detéctor. A I-mV recorder with a chart speed range of 0.5-15in./min
was used to record cnromatograms from which retention times and column efﬁmencres
- were determined. The flow-rate was measured with a soap-ﬁlm meter. . -
e Individual hqmd samples were injected | w1th a 10-zl syringe, usm° g the smaliest
detectable sample size. The solute pair adjuste ‘feiention times were determined by
taking the average of at least three- measurements. It wasestablished thatthesolute pair -
adjusted retention times were independent of sampie size in- both the nematrc and su-

: percooled regions of the liquid crystal stauonary phase.

- RESULTS AND DISCUSSION

Dewar and Schmeder’ Barrall et al%, and Kelker et als have observed that -
packed columns containing liquid crystal statlonary phases all supercool. Chow and
MartireS have observed, from calorimetric measurements, that'the intermediate state.
- obtained on coolinig the nematic phase of 4 4’-dthexyloxyazoxybenzene was liquid -

crystalline. We mvestlgated this effect by measuring the retention volume, Vg, of
solute molecu_es eluted from a packed column containing BMBT as the stationary
phase. In Fig. 1 a plot is shown of the log ¥ of the solute molecules 1,5- and 2,6-
dimethylnaphthalene versusthe reciprocal temperature. The half-filled circles represent -
_the data obtained by heating the column from. room- temperature to 180°. The low -
Vg values for the two solutes and- the absence of any separation indicate that solid-
BMBT crystal- is a poor solvent. Just before the crystal > nematic melting point.: -
(181°) the ¥y values rise sharply and the’ solut.. molecules are separated. Above the
melting point ¥ decreases linearity with i increasing temperature The Vg values ob-
tained by cooling the column are shown as open circles for 2,6- and filled circles for .
1 5-dxmethylnaphthalene These plots are linear to nearly 120°, 65° below the normal
nematic —crystal melting point.. At 117° the ¥V values drop sharply and. approach
the values obtained for the BMBT crystal.-Grushka and Solsky’ have observed 2
similar behavior with capilliary columns for the liquid crystal p—a...oxyamsole. They
- discussed the possibility- that this hysteresis behavicr may be due to some kind of sur-
" face orientation or a supercooling of' the liquid- crystal. Both these phenomena are
. well-known from: hqmd crystal ‘stadies, We feel that coohng the nematic. phase helow
__the normal nematic —>crystal mcltmg temperafure results ina superceo!ed regxon
lthat is xdentxcal to the nematxc teglon m physrcal and chemxmi proper&es.
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- Flg. 1. Dependence of the retention volume of 1,5- and?2 6-dimethylnaphthalene (1,5-DMN and 2,6-
. "DMN) on the column temperature in N,N *-bis(p-methoxybenzylidene)-o,e’-bi-p-toluidine nematic

and supercooled phases. @, 1,5- and 2,6-dzmethylnaphthalene, heating; @, 1 S—dxmethylnaphthalene,
eoolmg, O, 2,6-d1methylnaphthalene, coelmg.

 ment agmnst the existence of a supercooled region as sfated by Grushka and Solsky

is that the mesophase should not solidify at a given temperature, but should depend

~ upon the cooling rate. We foudn, in numerous repetitions of the experiment with vari-

- ations in the duration of the cooling process, that the mesophase always solidified
a; a temperature between 118 and 117.2°, :

. EFE-TCIENCY STUDIES

: The existence of a supercooled reglon essentially extends the temperature range
of the hqmd crystal column. In order to evaluate the solvent propertxes of this temper-
' ature region we measured the separation factor, a, for the solute pair 1-cthylnaphtha-
: Iene (b.p: 259°) and 2-ethylnaphthalene (b.p. 258°) in the nematic and supercooled

: 'reglons of BMBT. The results of these measurements are shown in Fig. 2 as a plot

- of @ versus the column temperature. The interesting feature of this plot is that there is

=10 abrupt f‘hange in e at or near 181° (dashed line}, i moxcaung that the supercooled
o regon acts as an extention of the nematic phase.
B B 1 an. 3 a plot #s shown of the number of theoretical platee versus the column
e temperatute for Zethyinaphthalene ‘being eluted from a BMBT column at a constant
~carrier flow=rate of 22 cm3/min. This flow-rate was chosen because it represented the

- flow at the minima of Van Deemter plots at 220°, 180°, 150°, and 130°. A decrease in
o column eﬂic:ency thh decreasmg temperature is typxcal of columns contammg liquid
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. Fig.2. Dependence of the sepa:atxon fas:tor, a, of I- and 2-ethylnaphthalene oz the cdlgihn tempera- -
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crystal statxonary phases. Thls 1s probably due to the mcrease m wscosxty of the hqmd o
, _pnase : : o
R “‘Elgs. 2 and 3 mdxw.te that in operatmg BMBT columns at lower ehmon tem—», o
- petatures thereis isacompromise between the advantages of hlgher e values and the dls-' )
advantage ‘of lower olnmn eﬁcxency. In: Fig:-4 the' results -of :this’ "ompromzse are. -
: shcwn as a plot of the ratlo of the: theoretzcal pzatea of the: column,. o the:Tequired " -
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Fig. 4. Dependenice of the ratio of theoretical plates to required plates on the column temperature

for the solute pair l-ethylnaphthalene/2-ethylnaphthalene.

theoretical piates versus temperature for the solute pair 1-ethylnaphthalene/2-ethyl-

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 of the solute pair, whereas at 125°, in the supercooled region, the

number of theoretical plates is three times that required for separation. The number

of theoreftical plates required to separate two peaks, N, , was calculated from an
_ expression derived by Purnell®

Nieq. = 3602 (@ — 1) ( 1+ Z: )2 (1)

where ¥, is the dead volume of the column and ¥, is the retention volume of the more
retained peak.

In Table the relative retention data (uaphthalene = 1) are given for some
alkyl—subs_tltuted naphthalenes measured on a BMBT column at 130°. Previously
published retention data on DC-500 phenylmethyisilicone®, a p’,p'-azoxyphenetole'®,
and a graphitized carbon black®? are included for comparison. In addition, retention

. data on polyphenyl ether (6 rings), obtained in this Iaboratory, are presented.

. Table Ishows that for the conventional liquid phase (BC-500) the elution order
for the isomeric naphthalene homologues corresponds to their boiling points. The
elution order is different on solvents which are able to establish specific interaction

" with n-electron systems of the naphthalene homologues or which have steric effects
due to “fitting in”’ of the solute molecules in the liquid crystal “lattice™. The elution
order from BMBT is typical of that from a nematic liquid crystal in that for two so-

- tutes with similar boiling points the solute with the larger Iength—to—breadth 1atio is
retamed longer. The lower-boiling’ [-methylnaphthalene is cluted after 2-methyl-
naphthalcm ’E‘fns is also true for 1- and 2-ethylnaphthalene. Anotiicr example is that
of 2,6<hmethyfnaphthafene (bp- 262") and 1 4-d1methylnanhthaiene (b.p. 268°).
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-Fig. 5. Separ;'gtmn of },4-, 1,9- and 2,3-dimethyinaphthalene (1,4-, 1, 5— and 2,3-DMN, respectively).

" Column, 2m X 3.2 mm O.D. stainless-steel; packing, 5% (w/w); oven temperature, 130°; injector
temperature 200° detector temperature, 200°.

- The retention ratio for this pair is equal to two, and the lower-boiling compound is
eluted last. Fig:. S shows a chromatogram of the separation of 1,4-dimethylnaphthalene
(b.p. 268°), 1,5-dimethylnaphthalene (b.p. 269°), and 2,3-dimethylnaphthalene (b.p.
268°) on a BMBT column at 130°. The normally difficult separations are easily
achieved becauss the length-to-breadth ratios of these compounds are 1.0, 1.2 and
1.5, respﬂctwely

The elution order for the alkyl-substituted naphthalenes from the nematic

- liquid crystal p’,p"-azoxyphenetole is different in some cases from that obtained with
BMBT. The solute 1,3-dimethylnaphthalene is eluted before 1,4-dimethylnaphthalene,
whereas 2,3- and 1,2-dimethylnaphthalene are eluted after 2,6-dimethylnaphthalene.
The explanation of the elution order is more complex than one based solely on the
length-to-breadth ratios of the solute molecules. Martire et al.!! have observed similar
results in comparing the retention data on two liquid crystals.

Table IT gives the theoretical plate requirements for each sclveat in Table
for complete resolution of the solute pairs most difficult to separate. In order fo cal-
culate N, from egn. 1 it was assumed that Vp/Vz was much less than unity. For this
analysis BMBT is the best solvent, since it requires only 6,500 plates; in contrast, a
column for carbon black, the least uscful absorbent, would require about 190,000
theoretical plates to effect complete resolution. The retention data on BMBT were ob-
tamed at 135°, which is 46° below the nematxc — crystal melting point. The reduced

TABLE 14

MOST DIFFICULT SEPARATIONS
‘Abbreviations: DMN = dimethylnaphthalene; EN = ethylnaphthalene; MN = methyinaphthalene.

Solvent - . Difficuls separationr ) Theoretical plates
Polyphenyl ether (6 rings) 1,4-DMN and 2.3-DMN - 85,000
I .' ' . 2,3-DMN and 1,5-DMN T
p,p’-Azoxyphenetole . 2,3-DMN and 1,2-DMN" 92,0600
o 1,3-DMN and 1 4-DMN 42 069
Catbon black R 1,2-DMN and 2,6-DMN 92,000
o 2.6-DMN and 2 3-DMN 190,600 -
N, N Bls(p-methoxybmyhdene)-a,a{ -bi-p- 1-EN and 2-MN ; 6,500 -

- toluidine - ) Z-EN and 1,3-DMN 6,500




*theoretxcal p!ate requxrement dlustrates the advamage of the mcreased value of a'.,
' lresultmg from the use of low <lution temperatures. = S

:It is interesting to note that the two most dzﬂicult separatlom far the BMB’I‘
column, 1-ethvlnaphthalene/2~methylnaphthalene {a = 1.09)and Z-ethylnaphthalenef -
1 3-dm1ethﬂnaphtha1ene (&' = 1.09) are relatively easy separations for'the boiling- -
point column, DC-550 Slhcone, with e values of 1.60 and 1.86, respectlvely. “Thus
2—methy1naphthalene because of its Iarger length-to-breadth ratio is eluted just before
. the higher-boiling l-ethylnaphthalene witha small len,gth-to-breadth Tatio. The same -
is -true for the: 2-ethylnaphthalene/l 3- dlmethylnaphtha:ene Dair. Thls _behavior is
typical of highly selective stationary phases such as. liquid erystals and can be a deter-
rent in’ Lhelf use. On the other hand, difficult separatlons such as 1,4-; 2,3-, and‘1,5-
dzmethylnaphthalene (Fig. 5) can be achleved with a column contammg a relativelyf
small numbnr of theoretical plates. : : '
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