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Althou& Kreicberger et a1.l and Nowocik et al.’ have reported the separation 
of 3- and 4-nitro-u-xylenes (2,3- and 3$-dimethylnitrobenzenes) by _ps-liquid 
chromato_gaphy (GLC), there have heen few systematic separations of dimethyl- 
nitrohenzene isomers. Further, sugar alcoho!s were found to be effective liquid 
stationary phases for separating xyienol (dimethylphenol) isomer? and separations 
of nitroxylene isomers were performed on some sugar alcohols. 

Fitzgeraldc, BrookJ, Kolkk and Mati?%, Sassenber_g and Wrabetz’.‘, Karr 
et uZ.~, JamiesonEO, Mortimer and Gent”, Jan6k and Komersl’, Payan’;, Bhattachar- 
jee and Basu”, Husain ef ~1.‘~ and Hrii;nik and co-workers1s~17 have described 
separations of aikylphenol, cresoi and dimethylphenol isomers by GLC. Brooks’ 
separated all the dimethylphenol isomers on 2,4-xyienyl phosphate, KolSek and 
MatZiE6 separated them on d&(3,3,5-trimethyIcycIohexy1) phthaiate, Jan&k and 
Komerslz on salicylideneaminoguanidine and Bhattacharjee and Basux4 on rubi- 
dium benzenesulphonate (clathrate-forming stationary phases), and Mortimer and 
Gent” separated m- and pcresols on Bentone- and tolyl phosphate. 

In spite of these studies, systematic studies of the separation of the dimethyl- 
phenol isomers have never been reported. 2,4,7-Trinitro-9-fiuorenone”, sugar aIco- 
hols and mixed cohrmns of 2-nitrofluorene and dulcitol or inositor have been 
shown to he effective liquid stationary phases. For the above reasons, the separation 
Ewzhaviour of nitroxyIene and xyIeno1 isomers on su_w, su_w alcohols and mixed 
columns has been investigated. 

EXPERIMENTAL 

A Shimadzu Model GC-SA gas chromatograph equipped with a frame- 
ionization detector was used, 
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Chromtographic procedure 
The separation column was a 2.25 m x 3 mm I.D. stainless-steel II-tube packed 

with acid-washed Sil-O-Gel C,, firebrick (60-80 mesh) support (Johns-Mauville, 
Denver, CO, U.S.A.; purchased from Gaskuro Kogyo, Tokyo, Japan) coated with 
20% (w/w) of liquid. The column and injector temperature were 140 and 27O”C, 
respectively. Nitrogen was used as the carrier gas at 25 ml/min. 

The support coated with the liquid phase was heated in an electric overt at 
the column temperature for 10 h in order to remove the solvent; subsequently it was 
kept under a stream of nitrogen for 6 h at a temperature CQ. 20°C higher than the 
column temperature used. 

Liquid stationary phases 
Dioctyl phthalate (DOP), dulcitol (DUL), inositol (INO), sorbitol (SOR), 

mannitol (MAN), xylitol (XYT), glucose (GLU), mannose (MAS), sucrose (SUR), 
lactose (LAC), fructose (FRU), maltose (MAL), xylose (XYL), starch (soluble) 
(STA), Span-85 (SPA-85), diglycerol @IL), galactose (GAL) and sorbose (SORB) 
of guaranteed grade from Nakarai Chemical Co. (Kyoto, Japan) were used without 
auy purification. 

2-Nitrofluorene (2-NF)1g.*0, 2-nitro-9-fluorenone (2-NFO)1g-2L, 2,7-dinitro- 
fluorene (2,7-DNF)zL~~, 2,7-dinitro-9-fluorenone (2,7-DNF0)21-53, 2,5-dir&o-9- 
fluorenone (2,5-DNF0)21-23, 2,4,7-trinitro-9-fluorenone (2,4,7-TNFO)*4-26 and 2, 
4,5,7-tetrauitro-9-fluorenone (2,4,5,7-TNF0)25*26 were synthesized in the laboratory 
and their purities were contirmed by TLC and IR spectrometry. 

Samples 
3,5-Dimethyhritrobenzene (3,5-DMNB)27, 2,5-dimethylnitrobenzene (2,5- 

DMNB)-, 2,3dimethyhtitrobenzene (2,3-DMNB) 2g, 3&dimethyh&robenzene (3,4- 
DMNB)30, 2,6_dimethylmtrobenzene (2,6-DMNB)31, 2&dimethyluitrobenzene (2,4- 
DMNB)31, 2,3-dimethylphenol (2,3-DMP)32, 2,6-dimethylphenol (2,6-DMPr3, 3,4- 
dimethylphenol (3,4-DMP)%, 2,4dimethylphenol (2,4-DMP)3s, 2,Sdimeihylphenol 
(2,5-DMP)% and 3,5_dimethylphenol (3,5-DMP)j’ were synthesized and their purities 
were confirmed by GLC and IR and NMR spectrometry. 

RESULTS AND DISCUSSION 

Separation OJ- DMNB isomers 
In the separation of DMP isomers, it was found that hydrogen bonding plays 

an important role. It was expected that hydrogen bonding wculd also be et%ctive in 
separating DMNB isomers, because the nitro function of DMNB isomers will titer- 
act with the hydroxy function of the stationary phase. 

The results of the separation of DMNB isomers on nitrofluorenes, WTO-?- 

fluorenones, sugars, sugar alcohols, polyob and mixed columns are given in Tab& 
I-III. From Table I it can be seen that 2-NF, 2-NFO, 2,5-DNFO, 2,7-DNF, 2,7- 
DNFO, 2,4,7-TNFO and 2,4,5,7-TNFO resolved effectively all six isomers. Iu these 
separations, effective separations were performed at a temperature below the melting 
points of the liquid stationary phases-l. 

Normanqz reported the separation of uitrotoluene isomers by GLC on 2,4,7- 
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TABLE I 

RErATivE RElENTION TIMES M THE SEPARATIONS OF DMNZ ISOMERS USING 
NETROFLUORENES AND NITROFLUORENO~ 

Smf io.ycry pkase 2,6- 2s 2,3- 2,~ 3s- 3+ 
DMA’B DMNB DMNB DMNB DMNB DMNB 

2-NF I.00 
2-NFO IsKi 
2.5DNFO 1.00 
&7-D= 1.00 
2.XDNFO 1.00 
2,4,7-TNFO 1.00 
2&5,7-TNFO 1J.M 
2,4,7-TNFO f 1.00 

Z4,5.7-TNFO 

I.61 I.49 2.10 2.47 3.56 
1.73 191 221 2.83 3.49 
1s 1.97 2.29 2-97 3.70 
1.70 l-s.9 227 263 3.52 
1.75 1.92 231 2-71 2.67 
1.93 2.13 2-46 286 4-06 
1.81 2.02 2.59 2.59 4.08 
1.57 2.25 2.25 2.58 3.88 

TABLE II 

RELAliliVE RETENliION TIMES IN THE SEPARATIONS OF DMNB ISOMERS ON hwcED 
COLUMNS 

Stationary phase 2,6- 25 2,3- -7,4- 3l-5 3,4- 
DMNB DMNB DMNB D,UNB DMNB DIUNB 

2-NF f DOP 
2-NF + DUJi 
2-NF f IN0 
2-m i SOR 
2-NF + MAN 
2-NF +xYT 
2-NFO i- DUL 
2-NFO f MAN 
2-NFO + SOR 

1.00 1.75 2.06 2.06 2.33 2.27 
1.00 1.91 2-27 2_27 2.59 3.95 
1.06) 1.79 2.16 2.16 2-16 3.53 
1.00 1.81 2.17 2.30 2.30 3-61 
1.00 I.91 2.26 2.26 249 4.09 
1.00 1.80 2.m 2.2S 2.80 3.95 
1.00 1.86 2.20 2.23 2.59 5.77 
1.00 2_00 2-29 2.29 2.82 4.24 
1.00 1.81 2.13 2.38 27.5 4.19 

TNFO at 2QO’C, but they were resolved effectively at 140°C below its me!ting point43. 
From Table II, it can also be seen that the mixed column of 2-NF + XYT 

gave effective separations of ail six isomers. Further, the mixed coIumns of 2-NF and 
su_gar alcohols showed various kinds of separation modes and the mixed columns of 
2-NFO and DUL or SOR separated all of the isomers. From Table III, it can be 
seen that sugars (mono-, di- and polysaccharides) gave effective resolutions of all 

TABLE LKI 

RELATIVE RETENTION TIMES IN -i-HE SEPARATIONS OF DMNB ISOMERS USING 
SL%AR!S 

Stariormy piiase 2,6- a- u- 2,4- 3s 3,4- 
DMNB DMNB DMNB DiUNB DMIUB DMNB 

GLU 1.00 1.66 1.89 206 2.44 3.17 
?aAs l.oQ) 1.76 195 219 2.57 3.71 
SUR 1.00 1.59 l-S2 19% 224 3.00 
FRU 1.00 1.65 1.85 2_OS 240 3.30 
_!MAL i.00 I.73 I .93 2.13 240 3.40 
LAC 1SKl 1.75 2.00 2.17 250 3.25 
!zTA 1.00 1.59 1.73 205 2.35 3.15 
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TABLE Iv 

RELATIVE RETENTION TIMES IN THE SEPARATIONS OF DMNJ3 ISOMERS USING 
.SUGAR ALCOHOLS AND F’OLYOLS 

Stationary phase 

DUL 
IN0 
IN0 + SOR 
DUL + SOR 
INOfDUL 
DUL-i-XYT 
SPA-85 
DIL 

2,6- 23 2,3- 2,4- 3s- 3,4- 
DMNB DMNB DMNB DMNB DMNB DMNB 

::: 
1.04) 
l.Cil 

::: 
1.00 
1.00 
1-m 
1.00 
1.00 

1.91 2.27 2.36 2.64 
1.77 1.91 2.33 2.67 
1.72 2.11 2.11 2.33 
1.70 2.00 2.20 2.50 
1.37 2.94 2.94 3.15 
1.86 2-29 2.29 2.29 
1.90 1.90 2.57 3.15 
1.32 1.79 2.00 2.32 
1.94 2.50 2.50 2.50 
1.65 1.65 2.17 2.36 
1.78 2.25 2.25 2.25 

3.82 

33:: 
3.40 
4.42 
3.86 
3.93 
3.05 
4.28 
2.91 
3.56 

six isomers with almost identical relative peak separations44_ It seems that hydrogen 
bonding of the hydroxy group of the stationary phase with the nitro group of the 
sample plays an important role. 

From Table IV, in can be seen that MAN, DUL and XYT separated all of 
the isomers. Of the mixed columns, only IN0 f DUL separated all of the iso- 

mers. DIL and SPA-85 were ineffective and DUL and XYT are of specific config- 
uration (sugar alcohols). Further, PEG 1540 (polyether) and EGA (polyester) 
gave effective separations’*. 

Sepcaration of DMP isomers 

Table V shows that although none of the mixed columns of 2-NF and sugar 
alcohols or polyols gave good separations of all of the DMP isomers, the mixed 
columns of 2-NFO and sugar alcohols or polyols separated the isomers effectively. 
The mixed columns of 2-NF and DUL, IN0 or XYT separated all of the isomers 
but DUL, XYT and IN0 are of specific configuration (sugar alcohols); hence 
the carbonyl group of 2-NFO seems to be effective in these separations. 

TABLE V 

RJZLATiVE RETENTION TIMES OF DMP ISOMERS ON MIXED COLUMNS 

Stationary pha.se 

2-NF + SOR 1.00 1.73 1.73 2.26 2.52 4.91 
2-NF + MAN 1.00 1.94 1.94 2.34 3.08 3.86 
2-NF + DUL 1.00 1.95 2.05 2.64 3.32 4.23 
2-NF + YO 1.00 1.91 2.14 2.41 3.65 4.28 
2-NF;xYT 1.00 1.80 1.90 2.20 3.00 3.55 
2-NFO + DUL 1.00 1.97 2.09 2.68 3.34 4.28 
2-NFO + MAN 1.00 1.89 2.04 2.61 3.36 4.18 
2-NFO + SOR 1.00 1.92 2.00 2.56 3.24 4.12 
2-NFO + IN0 1.00 1.71 1.93 2.14 2.54 3.43 
2-NFO + XYT 1.00 1.97 2.09 2.67 3.36 4.33 

2,6- 2s 2,4- 2,E 395 3,4- 
DMP DMP DMP DMP DMP DMP 
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RELATIWE RETENTION TIMES OF DMP ISOMERS ON SUGAR ALCOHOLS AND 
POLYOLS 

starior~pw 2,6 25 2+ 2s 35 394 
DMP DMP DMP DMP DhfP DMP 

DIL 
DUL + SOR 
IN0 f DUL 
IN0 f SOR 
DUL-!-XYT 
rso + MAN 

1.00 2.13 2.38 2.63 4.13 4.62 
1.00 205 2.19 2.74 3.69 4.62 
1.00 L20 2.53 2.95 4.33 5.00 
1.00 2.oQ 2.23 2.23 4.03 4.29 
1.04) 2.24 2.35 2s 4.09 4.95 
1.00 1.72 l-72 2.23 2.60 3.16 
1.m 1.90 1.90 2.57 3.15 3.93 
I.00 2.09 2.09 2.82 3.56 4.78 
1.00 2.27 2.27 2.73 3.82 4.91 
1.04) 2.03 2.03 2.68 3.38 4.35 
I.00 2.05 2-15 245 3_60 4.15 

Table VI indicates that all of the sugar alcohols except IN0 separated all of 
the isomers. DIL did not give effective separations. IN0 is a different polyol from 
DUL and the others used, and DIL is a tetrahydric polyol, but not with vicinal 
tetmhydroxy groups. Further, the mixed columns of sugar alcohols except for IN0 
and MAN did not give useful separations- Table VII shows that SUC, FRU, MAS, 
GLU, GAL, MAL, LAC and SORB separated all of the isomers effectively. 

Although STA isa polyol, it could not separate 2,3-DMP from 2,4-DMP. The 
mixed columns of two kinds of sugars separated all of the isomers effectively. Al- 
though the retention times of DMP isomers on sugars or sumr alcohols are too short, 
an improvement was obtained on the mixed columns of 2-NF and IN0 or DUL 
and of 2-NFO and DUL or MAN. The improved chromatogmms obtained on the 
mixed liquid stationary phases (2-NFO and DUL or M-AN) are shown in Figs. 1 and 2. 

TiWLE VII 

RELATIVE REXENTION TIMES OF DMP ISOMERS ON SUGARS AND EWLYOLS 

Statiotimy phase 2,6- v- 
DhfP DMP 

.w- 
DMP 

2+‘- 
DMP 

3>- 
DhfP 

3,4- 
DhfP 

sue 
FRU 
MANS 
GAL 
GLU 
MAL, 
LAC 
SORB 
STA 
GLU + GAL 
MALtFRU 
FRU + GAL 
WfGLU 

1.00 213 23 1 2.69 4.00 
1.00 1.63 1.73 197 2.63 
1.00 126 ’ ‘4 
1.00 1.94 2.78 

250 2.74 
247 3.65 

1.00 1.79 2.05 2.32 3.36 
1.00 1.m 2.m 2.33 3.20 
1.00 2-1: 2-44 263 4_00 
1.00 1.62 1.85 1.92 2.31 
1.0 1.86 2.04 2-w 3-51 
1.00 1.68 1.84 2.11 3.11 
1.00 2.00 22.5 2.50 3.50 
1.00 1.65 225 2.50 3.50 _ 
1.00 2.13 2.50 2.63 3.00 
1.00 1.94 212 241 3.47 
1.00 1.65 1.65 2.17 2.36 

4.62 
2.97 
4.33 
4.12 
3.79 
3.66 
4.38 
3.31 
3.89 
3.63 

z-z) 
4.00 
- 3.88 
2.91 
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Fig. 1. Separation of DMP isomers on 2-NFO + DUL. Peaks: 1 = solvent; 2 = 2,6-DMP; 3 = 
2,5-DMP; 4 = 2&DMP; 5 = 2,3-DMP; 6 = 3,5-DMP; 7 = 3&DMP. 

Fig. 2. Separation of DMP isomers on 2-NFO + MAN. Peaks: 1 = solvent; 2 = 2,6-DMP; 3 = 
2,5-DMP; 4 = 2&DMP; 5 = 2,3-DMP; 6 = 3,5-DMP; 7 = 3,4-DMP. 

In the separation of DMP isomers on the mixed columns of 2-NF and IN0 
and of 2-NF (or 2-NFO) and sugar alcohols, the properties of the component station- 
ary phases are additive. The functional group combined with sugars or sugar alcohols 
for the improvement of retention is generally preferable, if it can separate the 
isomers individually. 
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