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Note . 

Separation of mononitroxylene and xylenol isomers by gas-liquid chromato- 
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Although Kreicberga et al.’ and Novrocik et aZ.2 have reported the separation 
of 3- and’Pnitro-o-xylenes (2,3- and 3+dimethylnitrobenzenes) by gas-liquid chro- 
matography (GLC), there have been few systematic separations of dimethylnitro- 
benzene isomers. These materials are precursors of xylidines and important in in- 
dustrial chemistry. On the other hand, many papers have been published5-lz on the 
separations of alkylphenols, cresol isomers and dimethylphenol isomers by GLC. 
Brooks’ separated isomers on 2,4-xylenyl phosphate, KolSek and Mat%? on bis- 
(3,3,5-trimethylcyclohexyl)phthalate and Janak and Komers? on salicylideneamino- 
guanidine and galactitol, but systematic studies of the separations of the isomers have 
never been done. Dimethylphenol isomers are also important materials for the 
chemical industry. For these reasons, the separations of mononitrodimethylbenzene 
and dimethylphenol isomers were investigated. 

EXPERIMENTAL 

The gas chromatograph was a Shimadzu GC-SA with a flame ionization detec- 
tor (FID). The chromatographic column (2.25 m x 3 mm I.D., stainless-steel U- 
tube) was packed with CZr or Celite 545 (60-80 mesh) coated with stationary phase 
(see Tables I-IV). The temperature of the column was 140” or 150” and that of the 
injector was 270”. The flow-rate of the carrier gas (nitrogen) was 25 ml/min. The flow- 
rate of hydrogen was 50 mI/min and that of air was i l/min for the FID. The sample 
size was OS-l.0 ~1. 

The support, Sil-0-Cel CZZ firebrick (6&80 mesh) (Johns-Manville, Denver, 
Colo., USA_; purchased from Gaskuro-Kogyo, Tokyo, Japan), was agitated in hot 
3 N hydrochloric acid for 1 h, then washed with water until neutral and dried prior to 
use_ The CZ, firebrick was coated with 10, 15 or 20 % (w/w) of liquid phase and heated 
in an electric oven for 16 h in order to remove the solvent at the temperature of the 
column. The column packed with C,, firebrick coated with liquid phase was kept 
under a stream of nitrogen for 6 h at a temperature ca. 20” higher than the column 
temperature used. The liquid phases, silicone KF-54, FL-100 (Shinetsu, Tokyo, Japan) 
ethylene glycol phthalate (EGP), ethylene glycol isophthalate (EGIP), ethylene 
glycol adipate (EGA), polyethylene glycol 20M (PEG-20M), Apiezon L (APL), 
squalane (SQ), silicone DC-550 (DC-550),dodecylbenzenesulphonate (DBS), Ben- 
tone-34 (BT-34), 1,2,3-tris(2_cyanoethoxy)-propane (TCEP) (Gaskuro-Kogyo), 
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cholesteryl acetate (CIIA) (Aldrich, Milwaukee, Wise., U.S.A.), diphenyl phthalate 
(DPP), dioctyl phthalate (DOP), Triton X-100 (TRX-lOO), diisodecyl phthalate 
(DIIP), liquid parafhn (LP), dioctyl sebacate (DOS), polyethylene glycol. 1500, 
1540 and 2000 (PEG 1500, 1540 and 2000) and gala&to1 (GTL) (Nakarai, Kyoto, 
Japan), were used without any purification. 

2,4,7-Trinitrofluorenone13 (2,4,7-TNF) and 4,4’-methoxyazoxybenzene” (4,4’- 
AZB) were synthesized in the laboratory and were used after purification by recrystal- 
lization from ethanol. 

Samples 
3,5-Dimethylnitrobenzene (3,5-DMNB)15, 2,5-dimethylnitrobenzeneenzene’6 (2,s 

DNMB), 2,3_dimethylnitrobenne (2,3-DNMB) I7 .3,4-dimethylnitrobenzene (3,4- 
DMNB)‘*, 2,6-dimethylnitrobenzene (2,6-DMNB)ig and 2,4dimethylnitrobenzene 
(2,4-DMNB)lg were synthesized in the laboratory. 2,3-Dimethylpheno120 (2,3-DMP), 
2,6-dimethylphenol (2,6-DMP)“, 3&dimethylphenol (3,4-DM)P**, 2,4-dimethyl- 
phenol (2,4-DMP)22~23, 2,5_dimethylphenol (2,5-DMP)z4 and 3,5_dimethylphenol 
(3,5-DMP)25 were also synthesized in the laboratory. All these samples were purified 
by recrystallization or reduced-pressure fractional distillation and their purities were 
confirmed by GLC and infrared and nuclear magnetic resonance spectroscopy. . _ 

RESULTS AND DISCUSSION 

Separation of mononitroxylene isomers 
The separation in each run (Tables I, II) was performed under the same condi- 

TABLE I 

RELATIVE RETENTION TIMES OF DIMETHYLNITROBENZENE ISOMERS 

Column loadings: 20x, PEG 1540, DOP, LP, SQ, KF-54, FL-100, DIIP, EGA, TRX-100, .EGIP, 
EGIP, APL and PEG-20M; 15 %, 2,4,7-TNF; 5x, 4,4’-AZB and (BT-34 + DIIP) (5% + So%). 
Column temperature, 1509 Flow-rate of carrier gas (nitrogen), 25 ml/min. 

Liquidphase 2,GDMNB 2,5-DMNB 2,3-DMNB 2,4-DMNB 3,5-DMNB 3,4-i%UNB 

1 2,4,7-TNF 1.00 193 213 2.46 2.86 4.06 
2 PEG 1540 1.00 1.72 1.88 2.12 2.28 3.72 
3 DOP 1.00 1.72 2.05 2.05 2.22 _. 3.27 
4 4,4’-AZB 1.00 LO2 2.32 2.49 287 4.23 
5 LP 1.00 1.80 2.06 206 2.33 3.39 
6 SQ 1.00 1.92 2.29 2.29 2.63 4.13 
7 KF-54 1.00 1.48 l-76 1.63 1.76 238 
8 FL-100 1.00 1.59 1.90 1.90 2.19 292 
9DIIP 1.00 1.51 1.74 1.74 1.96 3.14 

10 DPP 1.00 1.85 2.00 2.35 263 4.95 
11 EGA 1.00 1.76 2.20 2.10 2.33 3.40 
12 TRX-100 1.00 1.75 2.08 2.08 233 3.25 
13 EGIP 1.00 1.94 2.29 2.29 2.47 . 3.70 
14 BT-34 _t DIIP 1.00 1.52 1.75 243 243 279 
15 APL 1.00 1.86 2.19 2.19 250. 3.82 
16 PEG-20M 1.00 1.92 2.30 2.30 230 246 

soiling point’ wy744 237” 246” 239” 273O/739 254”/748 

mg mnHg m&5 

* 3eiktein Handbuch, 5 (1922) 368. 
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TABLE II 

SEPARATION FACFORS FOR DIMETHYLNITROBENZENE ISOMERS 

Column length and loading as in Table I. Separation factors: & between 2,6- and 2,5-DNNB; 
&, between f3- and 2,5-DNNB; S,, between 2,3- and 2,dDNNB; &, between 2,4- and 3,5- 
DNNB; &,‘between 3,5- and 3&DNNB. 

Liquid phases S,6 s63 &, S 12 &S 

1 2,4,7-TNF 
2 PEG 1540 

3 DOP - 4 4,4=-AZB 
5 LP 
6 SQ 
7 KF-54 
8 FL-100 
9 DIIP 

10 DPP 
11 EGA 
12 TRX-100 
13 EGIP 
14 BT-34 + DIIP 
15 APL 
16 PEG-20M 

Mean value 

0.48 
0.42 
0.42 
0.50 
0.44 
0.48 
0.32 
0.37 
0.34 
0.45 
0.43 
0.43 
0.48 
0.34 
0.46 
0.47 

0.43 
-.__ 

0.09 0.13 
0.09 0.11 
0.16 0.00 
0.12 0.07 
0.26 0.00 
0.16 0.00 
0.09 -0.07 
0.16 0.00 
0.13 0.00 
0.08 0.15 
0.16 -0.05 
0.16 0.00 
0.15 0.00 
0.13 0.28 
0.15 0.00 
0.16 0.00 

0.14 0.05 0.09 0.29 

tions of column length, column temperature and injector temperature for the purpose 
of studying the separation behaviour of the six mononitroxyiene isomers. It can be 
seen that the six isomers are separated from each other on PEG 1540, 2,4,7-TNF, 4, 
4’-AZB, DPP and EGA, and the separation between 2,3- and 2,4-DMNB is the most 
difficult. These isomers were not separated from the baseline even on these effective 
stationary liquid phases. 

0.14 0.29 
0.07 0.39 
0.08 0.32 
0.13 0.32 
0.12 0.31 
0.13 0.36 
0.00 0.26 
0.13 0.25 
0.11 0.38 
0.11 0.35 
0.06 0.31 
0.11 0.28 
0.07 0.33 
0.00 0.13 
0.12 0.35 
0.00 0.07 

Jones factors [S,, = (tz-tl)/tz, where t, and t, are retention times of samples 1 
and 21z6 are shown in Table II. Effective separations were obtained: 4,4’-AZB, 2,4,7- 
TNF, SQ, EGIP, APL and DPP between 2,6- and 2,5-DMNB; LP, DOP, SQ, EGA, 
FL-100 and TRX-100 between 2,3- and 2,5-DMNB; (BT-34 f DIIP), DPP, 2,4.7- 
TNF and PEG 1540 between 2,4- and 2,3-DMNB; 2,4,7-TNF, 4,4’-AZB and DPP 
between 2,4- and 3,5-DMNB; and PEG 1540, DIIP, SQ, DPP and APL between 3,4- 
and 3,5-DMNB. Ail the stationary liquid phases used gave better separations between 
2,5- and 2,6-DMNB than the othet compounds. 

The boiling points of the six isomers are shown in Table I. In the GLC separa- 
tions, they are evaluated from the voiatiiity27~2s and depend upon the vapour pressure 
and activity coefficient of the samples. In the separations of 2,5- and 2,3-DMNB and 
3,5- and 3,4-DMNB, the eiution orders are interesting in relation to the b.p.s. 

The important point is that the eiution order of 2,3- and 2,4-DMNB on KF-54 
and EGA is opposite to that on the other liquid phases, and the separation behaviour 
on KF-54.and EGA will differ from that on the other phases27*28. 

PEG 1540 separates 2,4- and 2,3-DMNB but PEG-20M does not; this seems 
to be due to the polarity difference between these phasesz9. Polyesters and esters are 
effective in this separation, as are also phases which have phenyi groups. 2,4,7-TNF 
and 4,4’-AZB are special liquid phases, the former separates m- and p-nitrotoiuene30 
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and the latter (liquid crystal)31 separates nz- and p-aromatic isomers32-37. 2,4- and 
2,3-DNMB are related to m- and p-xylene (o-nitrotoluene being common to both) and 
it is believed that this is the reason why they are separated on these two liquid phases. 

Ordzo steric effects have been proposed by Jan&k and Komers% in the separa- 
tion of alkylphenols by GLC. 

Attempts were made to separate the isomers on other liquid phases ‘(DC-HO, 
(BT-34 -I- KF-54) and DOS) but were not successful. The following conclusions are: 
made: 

(1) The mononitrodimethylbenzene isomers are effectively separated on PEG 
1540, DPP, EGA, 2,4,7-TNF and 4,4’-AZB. 

(2) The separation between 2,3- and 2,4-DMNB is the most difficult and the 
elution order of these isomers on KF-54 and EGA is opposite to that on the other 
liquid phases. 

(3) Ortho steric effects are present in these separations. 

Separation of xylenol isomers 
The separations of dimethylphenol isomers are shown in Tables III and IV. 

Among the six isomers, the separation of 2,4- and 2,5-DMP was the most difficult, 
their boiling points being equal 3g Their separation is thought to be difficult even by . 
GLC. 

TABLE III 

RELATIVE RETENTION TIMES FOR DIMETHYLPHENOL ISOMERS 

Column combination order: T = tail; H = head. Loading of liquid phase: 20% except for 4,4’- 
AZB (IO”/,). Column length: 25 cm of TCEP. Runs 1, 8, 14, 15 and 18 are mked phases. Column 
temperature 140”. Injector temperature, 270”. 

Liquid phase 2,6- 2,s 2,4- 2,3- 3,s 3,4- 

DMP DMP DMP DMP DMP DMP 

1 PEG 1540 1.00 1.80 
2 KF-54 +- FL-100 1.00 2.17 
3 DPP 1.00 1.73 
4 EGP 1.00 1.65 
5 2,4,7-TNF 1.00 1.70 
6 TRX-100 1.00 1.70 
7 DIIP 1.00 1.65 
8 DOP+PEGI%O 1.00 1.16 
9 SQ 1.00 1.64 

10 DC-550 1.00 1.32 
11 LP 1.00 1.62 
12 FL-100 1.00 1.30 
13 DBS 1.00 2.06 
14 PEG 1540 + TCEP (T) 1.00 1.69 
15 PEG 1540 + TCEP (H) 1.00 1.67 
16 APL 1.00 1.85 
17 4,4’-Ati 1.00 1.80 
18 2,4,7-TNF + TCEP (T) 1.00 1.89 
19 GTL 1.00 1.90 
20 PEG 2000 1.00 1.95 
21 CHA 1.00 1.53 
22 TCEP 1.00 1.72 

2.15 

2.17 
1.73 
1.65 
1.85 
1.70 
1.65 
1.16 
1.64 
1.32 
1.62 
1.30 
2.06 
1.83 
1.81 
1.85 
2.00 
2.06 
1.90 
2.04 
1.53 
1.72 

2.15 3.15 
2.52 2.52 
2.18 2.42 
2.19 2.41 
2.00 2.95 
2.23 2.47 
2.04 2.30 
2.60 3.20 
2.14 2.50 
1.58 1.58 
2.06 2.23 
1.56 1.56 
2.37 3.31 
2.04 2.95 
2.09 2.94 
2.19 2.61 
2.13 3.06 
2.37 3.37 
2.42 3.33 
2.04 3.52 
1.91 2.04 
2.30 2.53 

___- - 

4.00 
2.94 
2.93 
2.94 
3.60 
3.00 
2.73 
4.00 
3.05 
1.81 
2.70 
1.96 
4.09 
3.66 
3.61 
3.77 
3.60 
4.62 
4.21 
3.95 
2.44 
3.19 
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TABLE IV 

SEPARATION FACTORS FOR DIMETHYLPHENOL ISOMERS 

Separation factors: &, between 2,6- and 2,5-DMP; &, between 2,5- and 2,4-DMP; S,,, between 
2,4- and 2,3-DMP; Sx5, between 2,3- and 3,5-DMP; Sas, between 3,5- and 3,4-DMP. 

Liquid phase S 65 S 51 s3 S35 S xi 

1 PEG 1540 0.44 0.16 0.00 0.63 0.21 
2 KF-54 t FL-100 0.53 0.00 0.13 0.00 0.14 
3 DPP 0.42 0.00 0.21 0.24 0.17 
4 EGP 0.39 0.00 0.25 0.09 0.18 
5 2,4,7-TNF 0.41 0.15 0.08 0.32 0.18 
6 TRX-100 0.41 0.00 0.24 0.09 0.17 
7 DIIP 0.39 0.00 0.19 0.11 0.15 
8 DOP + PEG 1540 0.14 0.00 0.55 0.19 0.06 

9 SQ 0.39 0.00 0.24 0.14 0.18 
10 DC-550 0.24 0.00 0.16 0.00 0.13 
11 LP 0.38 0.00 0.21 0.07 0.17 
12 FL-100 0.23 0.00 0.17 0.00 0.21 
13 DBS 0.51 0.00 0.12 0.29 0.18 

.14 PEG 1340 i- TCEP (T) 0.40 0.07 0.17 0.31 0.19 
15 PEG 1540 t TCEP (H) 0.40 0.07 0.13 0.28 0.19 
16 APL 0.46 0.00 0.16 0.16 0.31 
17 4,4’-AZB 0.44 0.10 0.06 0.30 0.15 
18 2,4,7-TNF i- TCEP (T) 0.47 0.08 0.13 0.29 0.27 
19 GTL 0.47 0.00 0.21 0.27 0.20 
20 PEG 2000 0.48 0.04 0.00 0.42 0.11 
21 CHA (at 160’) 0.34 0.00 0.19 0.06 0.16 
22 TCEP 0.41 0.00 0.25 0.09 0.21 

Although Brooks’ separated these isomers on 2,4-xylenyl phosphate, KolSek 
and Mati%? on bis(3,3,5-trimethylcyclohexyl)phthalate and Janak and IComer@ on 
salicylideneaminoguanidine and galactitol, it has never been reported that PEG 1540, 
PEG 2oQ0, 4,4’-AZB and 2,4,7-TNF separate them effectively. DPP, EGP, TRX- 
100, DIIP, SQ, LP, DBS, APL, GTL, CHA and TCEP separated 2,6- (2,4- and 2,5-), 
2,3-, 3,5- and 3&DMP from each other. 

Effective separations were obtained on : (KF-54 + FL-lOO), DBS, [2,4,7- 
TNF -I- TCEP (tail)], GTL and PEG 2000 between 2,6- and 2,5-DMP; PEG 1540, 
2,4,7-TNF, 4,4’-AZB, [2,4,7-TNF -i_ TCEP (tail)], [PEG 1540 + TCEP (head)], 
(PEG 1540 f TCEP (tail)] and PEG 2000, between 2,5- and 2,4-DMP. (DOP + 
PEG 1540), EGP, TRX-100, SQ, DPP, LP and GTL between 2,4- and 2,3-DMP; 
PEG 1540, 2000,2,4,7-TNF [PEG 1540 + TCEP (tail)], 4,4’-AZB, DBS and [2,4,7- 
TNF i- TCEP (tail)] between 2,3- and 3,5-DMP; APL, [2,4,7-TBF + TCEP (tail)], 
FL-100, TCEP and PEG 1540 between 3,5- and 3,4-DMP. 

Separation of the isomers was attempted on galacitol but was not successful. 
The separation on salicylideneaminoguanidine38 seems to be dependent on differences 
in pK, values (2,4-DMP, 10.60; 2,5 -DMP, 10.41)40. Although 2,5-DMP is eluted 
before 2+DMP on PEG 1540, 2,4,7-TNF, 4,4’-AZB and salicylideneammoguani- 
dine38, 2,4-DMP is eluted first on 2,4-xylenyl phosphate4 and bis(3,3,5-trimethylcyclo- 
hexyl)phthalate5.6~7~11. Mortimer and GentlO tried unsuccessfully to separate these 
isomers on (BT-34 -i- tritolyl phosphate), but did separate M- and p-cresol. Separation 
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of nt- and p-cresol was attempted on PEG 1540,2,4,7-TNF and 4,4’-AZB but was not 
successful_ 

Mixed phases (DOP, PEG 1540 and others) could not separate 2,5- and 2,4- 
DMP and the additivity of separation ability seems not to occur in this case. Separa- 
tions on combined columns were therefore performed: [PEG 1540 + TCEP (head)] 
and [PEG 1540 + TCEP (tail)] were effective, and 2,4,7-TNF gave improved separa- 
tion when combined with TCEP (25 cm). PEG 1540, 2000 and 20M, could not sep- 
arate the isomers at less than 20 oA coatings. A support (C,,) coated with PEG 1540 
and dried at 170” did not separate the isomers, owing to evaporation from the support 
caused by overheating. With combined columns, there were differences in the separa- 
tions according to the order of combination. Thus 2,4,7-TNF shows effective separa- 
tion below its m.p. (176”) and 4,4’-AZB in the isotropic phase (Le., not in the nematic 
phase). Ortho steric effects were also found in these separations3s. 

The following conclusions can be made: 
(i) 2,4,7-TNF and 4,4’-AZB separate the six DMP isomers, and PEG 1540 and 

2000 separate 2,5- and 2,4-DMP. 
(2) Ester and hydrocarbon phases give better 

phases, except for 2,5- and 2,4-DMP. 
(3) Mixed phases give few effective separations, 

good separations. 

REFERENCES 

separations than the other 

but combined columns yield 

1 D. Kreicberga, S. Voltere and 0. Neilands, Low_ PSR. Zinat. Akud. Vestis., Kinz. Ser., (1970) 170. 
2 J. Novrocik, K. Komirek and J. Poskdil, J_ Chronzatogr., 124 (1976) 73. 

3 J. S. Fitzgerald, Azcst. J. A&_ Sci., 10 (1959) 169. 
4 V. T. Brooks, C~zem. Znd. (London), (1959) 1317. 
5 J. KolSek and M. Matiiric, J_ Chronzatogr., I2 (1963) 30.5. 
6 W. Sassenberg and K. Wrabetz, Z. Anal. CIzenz., 154 (1961) 423. 
7 K. Wrabetz and W. Sassenberg, 2. Anal. C/zem., 179 (1961) 333. 
8 C. Karr, Jr., P. M. Brown, P. A. Step and G. L. Humphrey, Arzal. C/zenz., 30 (19%) 1413. 
9 R. A. Jamieson, J. Chronzutogr., 3 (1960) 496. 

10 J. V. Mortimer and P. L. Gent, Anal. C/zenz., 36 (1964) 754. 
11 J. Janak and R. Komers, Z_ Anal. Chem., 172 (1960) 276. 
12 D. S. Payan, Chenz. Znd. (London), (1960) 1090. 
13 0. E. Woolfolk and M. Orchin, Org. Spr. Collect. Vol. ZZZ, (1955) 837. 
14 M. J. S. Dewar and J. P. Schroeder, J. Anzer. Cizenz. Sot., 86 (1964) 5235. 
15 W. A. Noyes, J. Amer. Chem. Sot., 20 (1898) 789. 
16 H. R. Snyder and F. J. Pilgrim, J. Amer. Chenz. Sac., 70 (1945) 3757. 
17 0. H. Emerson and L. I. Smith, I_ Amer. C/zenz. Sot., 62 (1940) 141. 
18 S. F. Birch, R. A. Dean, F. A. Filder and R. A. Lam-y, .I. Amer. Chem.Soc., 71.(1949) 1362. . 
19 E. Grevingk, Ber., 17 (1884) 2429. 
20 W. F. Short, H. Stromberg and A. E. Wiles, J. C/zem_ Sot., London, (1936) 319. 
21 
22 

23 
24 
25 
26 
27 

R. B. Carlin and H. P. L&derI. 1. Amer. Chenl. Sue., 72 (1950) 2762. 
0. Jacobsen, Ber., 17 (1884) 159. 
W. R. Hodgkinson and L. Linpach, J_ C/zem. Sot., London, 77 (1900) 65. 
E. Noeting, 0. N. Witt and S. Forel, Ber., IS (1885) 2664. 
A. Toel, Ber., 18 (1885) 362. 
W. L Jones and R Kieselbach, Anut. C/zenz., 30 (1958) 1590. 
B. L. Karger, L. R. Snyder and C. Horvath, An Zntrodzzcrion to Separation Science, Wiley, New 
York, 1973, p_ 219. 

2s S. H. Langer, Progr. Gus Chromarogr., 6 (1968) 294. 

. 



176 NOTES 

29 W. 0. McReynolds, J. Chronzatogr. SC;., 8 (1970) 685. 
30 R. 0. C. Norman, Proc. Chem. Sot., London, (1958) 151. 
31 J. C. Giddings, Advan. Chromatogr., 6 (1968) 247. 
32 H. Kelker, Z_ Anal. Chem., 198 (1963) 254. 
33 H. Kelker and H. Witerscheidt, Z. Anal. Chem., 220 (1966) 1. 
34 H. Kelker and A. Verhelst, J. Chromatogr. Sci., 7 (1959) 79. 
35 M. J. S_ Dewar and J. P. Schroeder, J_ Org. Chem., 30 (1965) 3485. 
36 M. J. S. Dewar, J. P. Schroeder and D. C. Schroeder, J_ Org. Chem., 32 (1967) 1692. 
37 M. J. S._Dewar and J. P. Schroeder, J. Org. Chem., 30 (1965) 2296. 
35 J. Jan&k and R_ Komers, Z. /inal_ Chem., 164 (1958) 69. 
39 G. Bergmann and D. Jentsch, Z. Anal. Chem., 164 (1958) 10. 
40 Daiyukikagaku: Yukikagaku Teislc Binran, Asakura Shoten, Tokyo, 1960, p_ 650. 
41 J. Kolsek and M. Maticic, Z. Anal. Chem., 184 (1961) 496. 


