
LKQUZD CRYSTALS 

I_ SYNTHESIS AND APPLICATION AS STATIONARY IWASES ,W G4S- 
LIQUID CHROMATOGRAPHY’ 

SUMMARY 

2-R,-4’-R4(4+z-alkoxybenzoyloxy)azobenzenes, where R = n-butyl, methyl 
and methoxy, R, = H and methyl and n-alkoxy = methoxy, ethoxy and n-butoxy 
were syuthesized- They have long liquid crystahine “nematic” ranges and were used 
as stationary phases for the separation of positional isomers of di- and trisubstiituted 
benzene. It was observed that lateral substitution (R3 on the middle ring has a 
profound influence on the reIative retentions of these compounds. The separation of 
mixtures of free phenolic isomers such as ~tl- and pcresols was difficult, whereas the 
separation of Q- and /?-naphthols could be easily ac’hieved. Similarly, the separation of 
mixtures of free bases such as toluidines or picolines was difhcuh, but napthylamines 
were separated with great ease. Also, the complete separation of all positional isomers 
of monochlorobiphenyl was achieved by using these liquid crjstalline substrates. 

INTRODUCiTON 

The first application of liquid crystals as stationary phases in gas-liquid 
chromatography (GLC) was described in 1963l, and subsequent papers have been 
reviewed by Kelker and Von Schivi&offen2 and Schroede6. Recently several reports 
on the separation of the alkylnaphthalenes4, polycyclic aromatic hydrocarbons and 
their derivatives5-8, phenol ethers9, disubstituted benzenesXo.ll and high-boiling 
hydrocarbons’f using liquid crystalline stationary phases have appeared_ The syn- 

3 
II 

thesis and use as stationary phases of nematic compounds with -C-O-, -CH=N- 
0 
t 

and -N=N- linkages have been described3_ RecentIy, liquid crystals with 
0 0 
il t 

-C-O- and -N =N- linkages= have been investigated for their substrate behaviocr. 

l NCL Camnunicatiai No_ 2~27. 
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However, the use of liquid csystals with !keral substitution (EP) as stationary 
phases in GLC has no? previously been stud&L Therefore, it was decided to explore 
the possiiiliQ of applying such IateralIy substitMcd liquid crySaEne stationary 
phases in GLC. This paper dexcribes the synthesis of such Iateraliy substituted Ii@d 
crystals and a study or the eB%t of lateral sub&ution on selectivity when they 
are used as stationary phases in GLC; 

Muteerials 
Liquid crysme compounds I-V were synthesized by known me&ds13-‘4. 

Cornpour& III, Iv and V were synthesized by using mcresol instead of phenol 
with p-substituted phe~ykiiazonium chIoride_ AY of the compounds were purified 
to give constant transition temperatures. The structures and the transition temper- 
atures of the compounds studied as stationary phases are given in Table I_ 

TABLE I 

STRU- AND TRANSlTZON TEMPERATURES OF THE COMXXJNDS STUDIED 

fL-om& R 
No. 

RI TramWon Nenuxtic 
temperatures (“C) * r-e (“Cl 

C-N N-I 

I: H =a% Xl6 280 1s 

ii H cs n-as G% 125 94 234 244 140 119 
IV CH, CH, GHS 125 220 95 
V OCH, CHH, f=s 160 253 93 

= GN = crys&I to nernatic liquid crystal; N-f = rxmatic liquid crjtal to amorphous isotropic 
liquid. 

The solid support used was 80X20-mesh Elite. The Celitc was coated with 
the liquid crystalline compounds by using benzene or ethanol as solvent foU&wed 
by gradual elimination of the solvent by evaporation on hot water-bath This 
coated Ccl&e was dried in an oven at 80°C for 1 h and packed in ahmum - ‘UIncolumc 
of 4.0 mm I.D. The column parameters are given in Table IL 

Individual positional isomer samples were GC pure; only metamethylanisole 
showed a detectable anisoie imptity. 

T&e oven tempezatnres and flow-rates of the carrier gas (hydrogen) are given 
in Table III. 

An AIMIL duakolumn chromatograph equipped with a thermal wn- 
ductivity detector with hydrogen as the carrier gas was used to obt& retention 



GdKlm 
No. 

stati0eaF.y phase 

1 I 2A.m IO.220 10 
2 II 2txI 9.700 10 
3 m 1.74 7.900 10 

4 Iv 117 8.820 5 V 1.77 8293 :: 
6 II 1.76 7260 3 
i m 1.78 8.389 3 

TABLE Iii 

CXBLUMN TEhfPEUTURES AND CAREtiER GAS FLOW-RATES 

PQTalEtCT Cob No. 

I 2 3 4 5 6 

operating 117 130 163 95 129 130 I42 126 i38 161 178 96 166 
CUUperature 

(‘c) 
Row-rate 30 29-7 23.1 37.5 30.7 27.2 26.6 42.8 36.3 32.8 25.5 400.0 37.0 
OfbYM 
@wm 

times. The chromatograms shown in Figs. f and 2 were obtaked on a Hewlett- 
Packard 700 chromatograph. 

Procedure 
Individual samples were injected with a iO-~1 syringe using the smallest 

detectable sample volume. AU columns were conditioned at 200°C for 6 h. The 
injector and detector temperatures were 150°C and 225”C, respectively, and retention 
times were measured from air peak maxima to sample peak maxima. The ffosv-rate 
of the carrier gas was measured using a soap-f&n ff ow meter. 

RESULTS AND DISCUS~ON 

Table IV lists the measured retention times at various temperatures for a 
number of di- and t&substituted benzene isomers, Table V gives relative retentions 
cakukzted from Table Iv. 

When ffie retention times at two different temperatures are observed on any 
column, it is found that with an increase in temperature, that is su&ientiy higher 
tkan the crystal to nematic transition temperature, the seiectivity of the stationary 
phase derreases, 

Changes in the oven temperature have a profound influence on the nature ofthe 
stationary phase. These changes afkct t&e natwe of the column packing and the 
Bow-rate of the carrier gas (see Table III). 
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When the relative retention (a) for any sample OIL cohmm I is compared 
with that on co!umn 5 it is found that column 1 is more sekctive than column 2. 
This is in accordance with previous RsKIW3 tit CornpOundS with a longer nematic 
rzuge hixz a highs seIectivity_ The same trend of selectivity based on the nematic 
rzmge is observed for most of the SampIes on c0lnmns Z-5. 

Compounds PII and IV hizve lateA sub&&ion (R3, whtxeas comp~~ds I 

and II have nor, which tikcts the-relative retentions. Compounds 1, II, III and 
TV have nematic ranges of 164°C 14WC, 119°C and 95% respe&vely_ Now, based 
on previous results, compound I and ll are supposed to show a higher sekctivity_ 
However, compounds IlI and IV, with narrow nematic ranges, show a higher s&c- 
tivity than compoun& I and hI for most of the samples (Table V). This observation 
leads us to conclude that a certain lateral substitution in a @pical liquid crystauine 
compound may decrease the nematic range but may give a higher seIectivity. These 
results encouraged us to synthesii liquid crystalline compounds with offier lateral 
substitutions, the results of which wili be pubiished ekewhere. 

The relative retentions (Q) observed on OUT cohunns and those observed on 
other iiquid crystals that were assumed to be more sekctive are given in last row of 
TabIe V_ The compounds we have studied show higher a-values. Of the five 
s!ationary phases studied, cohunn 3 (stationary phase nr) gave the most promising 
resuhs. 

Changes in the percentage of stationery phase seem to have a negligible 
eSct on relative retention; this can be seen for columns 2 and 6. 

In order to avoid long retention times and broadening of the peaks, higher 
boiling cornFounds were separated on columns 6 end 7 %itb a low percentage of 
statioriary phases. Retention times and relative retentions observed on column 6 are 
given in Table VI. 

TABLE Vl 

ECESULTS FOR HIGHER BOILIXG SASWLES ON 3 MAT-% Si=ATiONARY PHASE II (COL- 
UMN 5) 

&m_corord R.&.5?nentine R&five Liferafure value 

af 166°c(n&E) retendvz (a) l ofa 

2_c=hlorobiphenyI 6.55 
3-allo:-o~h~y~ 1492 
4-c%lorobzphenyl 15.33 1.4.04 f.27(l-t% 15) 
a-Nz!phthylamixxz 16.47 
&l’LqhthyW 21.02 1.277 
a-Nagththol I~.42 
#LNa$ithol 21.50 1.309 1.30 (ref_ 16) 

* ReIa!ive :o 3- or a-korrser = 1.00. 

The separation of chlorinated biphenyIs is important owing to their to_x.ico- 
logical uroperties- A good separation of monoohIorobipheny1 isomers is achieved on 
the liquid cry-e stationary phases (Fig. 1). Stationxy phase LT (cohtmn 6) gives 
higher relative retentions (a) for monochlorobiphenyl isomers than those in the 
fiterature15. 17.zq 
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Fig- 1, Gas ckromatogram of a mixtu.rc of monochlorobiphenyk an columa 7. (hien espxatm~ 
190°C; injector temperature, 240°C; detector tesnpcxmwe, 29O%;ftunc-ioniration detector; sdtmges~ 
flow-rate 4Om&n.in. PeaIs: 1 = biphenyl; 2 = Zcfilorabipheny!; 3 = 3-chlmobiphmyl; 4 = 4- 
chIarobiphenyl_ 

(a) 

I . 

5 30 

min 

I ib) 

1” 

nin 

Fw 2. (a) Gas dmxmtagmm of naphthok on cohmn 7. Own temperaaup,. 195°C; other conditions 
a~ in F@. !- peaks: P = a-whthol; 2 = B-naphthoi. (b} GAS chro~togram of mph+ylaEnines w 
cobmn 7. Cmditiorrs as in F+ 2a. Pe&s: 1= a-naphthy!amine; 2 = /3-napphthykrsme_ . 



Complete separations of a-naphthol from b-mphthoI and of a-naphthyl- 
amine from @-naphf-hylanrine were achieved (Fig. Za and b). The relative retentions 
(c) zk5-e coqxzmble to previous ZSQ&S~-~~. 
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