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A new stationary phase for satisfactory separation of the products of
oxidation of p-xylene has been proposed. The stationary phase is a mixture of
poly(ethylene glycol) 20 M-TPA, sebacic acid, and phosphoric acid. To reduce
retention time of acids in the sample, the column temperature was program-
med. It was established that the increments of retention indices for equal
functional groups of benzene derivatives in para position are constant. But in
case that one of the groups is carboxyl, the increments of retention indices are
different.

IIns aHanw3a MPOJYKTOB OKHCIIEHMs D-KCHIONA ra3oBOM Xpomatorpaduei
6blIa mpeioXeHa HOBS HEMONBWXKHAA ¢a3a, NO3BOJIAIONIas XOpOWO pasfe-
JIUTH BCE NMPUCYTCTBYIOLME KOMIIOHEHTDI. DTOH (ha30i ABIAETCA CMECH MOTH-
stwienrnukons 20 M-TPA, ce6auunoBoit U pocdopHoil xucioT. Beuio o6Ha-
pPYXEHO, YTO YBeJHYEHHE ITOKA3aTelled 3JIIOMPOBAHMA Uil ONpPEAEIeHHOM
(byHKUMOHANBHOM IPYIIbI SIBIAETCH MOCTOSHHBIM IS Mapa nonoxenus. On-
HAaKO, €CIIM OfHOM M3 (YHKIHMOHANBHbIX DY SBISETCS KapOOKCHIbLHas
rpylna, Xof M3MEHEHHs NOoKa3aTelled 3JIIOUPOBAHHSA M3MEHSAETCSH.

In our previous paper [1] we established that the oxidation products of p-xylene
could be successfully analyzed by gas chromatography on a stationary phase which
consisted of poly(ethylene glycol adipate) polyester (5%) and phosphoric acid
(2%). The separation of all components present in the sample could be achieved.
But if dimethyl terephthalate was present in an increased amount, its peak
overlapped the peak of dimethyl isophthalate. We tried to solve this problem with
a new stationary phase. o

The problem of gas chromatographic analysis of benzene carboxylic acids and
their methyl esters was solved by several authors.

The dimethyl esters of phthalic acids can be very well separated on various
stationary phases [2—6], but the benzene carboxylic acids eluate too late.

Other stationary phases [7—14] were used for separation of methyl esters of
benzene carboxylic acids only.

On other stationary phases the peaks of dimethyl isophthalate and dimethyl
phthalate are overlapped [15—17].
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Pomazanov et al. [18] determined small amounts of benzoic and p-methylben-
zoic acid in terephthalic acid on a packing consisting of Chromosorb W and
phosphoric acid. The carrier gas was saturated with vapour of formic acid for the
chromatographic peaks to be symmetrical.

New stationary phases, prepared by authors were used for analysis of the
oxidation products of p-xylene [19] and m-xylene [20].

Benzene carboxylic acids were analyzed as trimethyl silyl derivatives [21, 22].

As it was convenient to determine the content of acids in the oxidized products
directly and not in form of their methyl esters, we tried to find a phase which
fulfilled these criteria:

a) good separation of the dimethyl terephthalate from dimethyl isophthalate
and from benzoic acid,

b) the monomethyl ester of terephthalic acid must not be eluated too late.

Experimental

The measurements were carried out on a Hewlett—Packard chromatograph, model
5830A with a flame ionization detector. The columns were made of stainless steel, their
length being 0.5 m and 1.D. 0.3 cm.

Nitrogen was used as a carrier gas, the flows are quoted in the legends to chromatograms.
The flow of hydrogen was 28 cm® min~'. The temperature of column was raised in
compliance with the programme according to need. The temperature of vaporizer was 270°C
while the temperature of detector was 300°C.

The following packings of chromatographic column were prepared and tested:

Packing A : 3.7 wt % of poly(ethylene glycol) 20 M-TPA and 1.5 wt % of phosphoric acid
(conc. 80 wt %) were applied to silanized Chromosorb W, size 0.144—0.177 mm.

Packing B: 3.7 wt % of poly(ethylene glycol) 20 M-TPA on equal support.

Packing C: 5.0 wt % of poly(ethylene glycol) 20 M-TPA + 2.0 wt % of sebacic acid on
equal support.

Packing D: 5.0 wt % of poly(ethylene glycol) 20 M-TPA + 2.0 wt % of sebacic acid + 2.4
wt % of phosphoric acid (conc. 80 wt %) on equal support.

We also tested phosphoric acid alone as a stationary phase, 10 wt % Igepal CO-880, 10%
UCON 50 HB 280 X, 5% poly(diethylene glycol adipate) +2 wt % phosphoric acid. But
none of these packings had the required properties.

Chemicals

The following substances were available for measuring the separating properties of the
prepared packings of chromatographic columns and the retention values: p-xylene (pX),
benzaldehyde (BD), methyl benzoate (MB), p-methyl toluylate (pMT), p-tolualdehyde
(pTA), terephthalaldehyde (TPA), isophthalaldehyde (IPA), p-formyl methyl benzoate
(pFMB), dimethyl terephthalate (DMT), dimethyl isophthalate (DMI), dimethyl phthalate
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(DMO), benzoic acid (BAC), p-toluic acid (pTAC), p-formylbenzoic acid (pFBA),
trimethyl ester of trimellitic acid (TTA), monomethyl ester of terephthalic acid (MTA),
benzyl alcohol (BAL), p-tolylmethanol (pTM), and n-amyl benzoate (nAB) as internal
standard for quantitative determination. All substances were commercial products of
Aldrich — Europe Div. Janssen Pharmaceutica, B-2340, Beerse, Belgium. Poly(ethylene
glycol) 20 M-TPA was delivered by C. Erba, Milan. Sebacic acid was a product of
BDH-Chemicals Ltd.

Results and discussion

The chromatograms obtained with a model mixture of oxidized products on
poly(ethylene glycol) 20 M-TPA (chromatogram B) and on equal poly(ethylene
glycol) with an addition of phosphoric acid (chromatogram A) are represented in
Fig. 1. As obvious from that figure and Table 1, an addition of phosphoric acid
brought about a reduction in retention time of all components of the analyzed
sample, in particular, of acids. Moreover, the peaks of acids became symmetrical.

The chromatograms also show that the DMT/DMI separation was not complete.
The resolution of the two substances did not improve even by a change of
temperature programme (Table 2). The DMT/DMI resolution got better by
extending the column from 0.5 to 1.2 m, but MTA was not eluated from the
column at all.

UV UuE

NIV T T P A W N T T T T T T O O N |
0 —t 10 mn 0 —=t

& 10 min

Fig. 1. Chromatogram of a model mixture of the oxidation products of p-xylene obtained with
the stationary phase.
A. Poly(ethylene glycol) 20 M-TPA (3.7%)+ H,PO, (1.5%); B. poly(ethylene glycol) 20 M-TPA
. (3.7%).
Temperature programme : initial temperature 80°C, final temperature 200°C, gradient 10°C min™".
Flow of the carrier gas 24 cm® min™".
1. Solvent; 2. MB; 3. pMT; 4. nAB; 5. pFMB; 6. DMT; 7. DMI; 8. BAC; 9. pTAC; 10. MTA.
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Table 1

Retention times [min] of the substances of the model mixture of oxidized product

Substance A, A, B
Air 0.05 0.22 0.05
MB 1.97 8.13 2.57
pMT 2.97 9.47 3.59
nAB 5.06 11.58 5.63
pFMB 6.26 14.11 7.12
DMT 7.09 15.15 7.93
DMI 7.33 15.98 8.23
BAC 7.67 19.39 9.68
pTAC 8.53 22.51 20.25
MTA 12.79 — —

Conditions :

A,: 3.7% PEG 20 M-TPA +1.7% H,PO,, column length 0.5 m;
A,: equal packing, column length 1.2 m;
B: 3.7% PEG 20 M-TPA, column length 0.5 m.

Flow of the carrier gas 24 cm® min™'.
1

Temperature programme: 80— 200°C, 10°C min™".

The elution temperatures of particular substances at different temperature
programmes are given in Table 2.

We examined the possibility of replacing phosphoric acid by other acid which
would shorten the elution time of acids but would not impair the DMT/DMI
resolution too much. Thus we prepared a packing which consisted of poly(ethylene
glycol) 20 M-TPA and sebacic acid (packing C). The separation of the three
investigated substances is better on this packing than it is on packing A, but the
elution of MTA is late and the peak is not symmetrical.

We ascertained the influence of temperature programme and initial temperature
on resolution of DMT/DMI and on retention time. As evident from the data in
Table 3, the resolution Rpmromi does not practically change at the tested
temperature programmes. The retention times decrease with increasing initial
temperature especially for those substances which are eluated later. On the other
hand, the elution temperatures for these substances-almost do not change (Fig. 2).

Furthermore, we prepared packing D which consisted of 5.8 wt % of poly(eth-
ylene glycol) 20 M-TPA, 1.9 wt % of sebacic acid, and 2.4 wt % of phosphoric
acid. A mixture of nAB, DMT, DMI, and DMO was separated on a column of
0.5 m length. The DMT/DMI pair was separated reasonably and DMO was
eluated together with DMI. If the amount of poly(ethylene glycol) 20 M-TPA was
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Table 2
Retention times (fz) and retention temperatures (Ty) of the substances of the model mixture

Stationary phase A . Flow of the carrier gas 24 cm® min

Temperature programme, °C

Substance 5 10 10 10
- 80200 80—200 110—200 125—-200
tg/min  Tg/°C  tg/min  Tg/°C tg/min  Tg/°C tg/min  Tg/°C
MB 2.29 91.5 3.01 110.0 1.24 1224 0.75 132.5
pMT 5.65 108.3 4.10 121.0 1.91 129.1 1.19 136.9
nAB 9.25 126.2 6.10 141.0 343 1443 2.32 148.2
pFMB 12.43 142.3 7.79 157.9 4.92 159.2 3.61 161.1
DMT 13.93 149.7 8.51 165.1 5.61 166.1 4.24 167.4
DMI 14.55 152.6 8.61 166.1 5.81 168.1 4.49 169.9
BAC 17.41 167.4 10.29 182.9 7.29 182.9 5.78 183.3
pTAC 18.9 174.5 11.05 190.5 8.03 190.3 6.55 190.5
MTA 29.08 - 19.15 — 15.98 — 14.43 —
R omriom 0.53 0.52 0.49 0.47
R= 2(tromp — treomm)
Womn + Womny
to /min ' ’ d 1./
12+
— 200
10 + R e
- 180
8 -
- 160
5 -
. ... . . — 140
Fig. 2. Variation of retention time (fz) and - 4
retention temperature (Tg) with initial tem- K—E‘;‘:‘f\o d10
perature at a programmed temperature increase 2l o
of the column. Column packing C. 0 . 1 | -{ 100

1, 1. MB; 2, 2’. pMT; 3, 3’. DMT; 4, 4.
pTAC.
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Retention times (r) and retention temperatures (T ) of the substances of the model mixture

Stationary phase C. Flow of the carrier gas 21 cm® min~

1

Temperature programme, °C

Substance 10
80—200 110-200 125-200

tx/min TR/°C tx/min Tx/°C tx/min TR/°C
MB 343 1143 1.51 125.1 0.96 134.6
pMT 4.68 126.8 2.33 133.3 1.53 140.3
nAB 6.89 148.9 4.12 151.2 2.95 154.5
pFMB 8.18 161.8 5.30 163.0 4.02 165.2
DMT 9.11 171.1 6.17 171.7 4.82 173.2
DMI 9.40 174.0 6.45 174.5 5.08 175.8
BAC 10.95 189.5 7.94 189.4 6.56 190.6
pTAC 11.44 194.4 8.45 194.5 7.01 195.1
MTA 22.16 — 19.43 — 18.40 —
j 2 p—— 0.50 0.47 0.45

1
4 || 7
3 9 2
%
LSJ WX
1 1 1 | I N S N N | 1 1 I Y I L1 1 1 1 1 1 | 1
0. 5 10 15 20 25 min

Fig. 3. Chromatogram of the oxidation products of p-xylene.

Column packing D. Temperature programme: initial temperature 80°C, final temperature 200°C,

gradient 5°C min™".

1. Solvent; 2. pX; 3. pTA; 4. MB; 5. pMT; 6. not identified; 7. nAB; 8. pFMB; 9. DMT; 10. DMI;

208

11. BAC; 12. pTAC; 13. pFBA ; 14. MTA.
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increased to 10 wt %, the separation of DMT/DMI was quite satisfying also in case
when concentration of DMT was increased.

The chromatogram of a real sample of oxidized product obtained with packing D
is represented in Fig. 3. It is to be seen that the separation of all substances present
in the product is good. The presence of phosphoric acid in the stationary phase
manifested itself especially in the reduction of retention time of p-methylbenzoic
acid and of the monomethyl ester of terephthalic acid. The retention values of all
standards obtained with this packing are given in Table 4.

Table 4

Elution values of the standards

Substance tx/min TR/°C I
pX 0.35 81.8 1100
BD 1.71 88.6 1367
MB 2.80 94.0 1432
pTA 3.01 95.0 1475
pMT 4.46 102.3 1543
BAL 5.68 108.4 1628
pT™ 7.50 117.5 . 1724
nAB 9.21 121.0 1767
TPA 9.30 126.5 1827
IPA 9.73 128.7 1848
pFMB 10.55 132.8 1889
DMT 12.24 141.2 2003
DMI 12.77 143.9 2038
BAC 13.90 149.5 2111
pTAC 15.57 1579 2223
TTA 21.19 186.0 2609
pFBA 23.20 195.0 2741
MTA 23.88 197.0 2772

1=100 Jem=Tues 4 49,
R(Cep ™~ IRC)

Packing of chromatographic column: D.
Temperature programme: 80— 200°C, 5°C min™".

Flow of nitrogen 27 cm® min™".

Relationships between the increment in retention index and the kind of substituent

Many papers were concerned with the relationships between retention index and
substance structure [23]. Cook and Raushell [24] revealed such relationships for
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the derivatives of toluene. West and Hall [25] completed the mathematical
relationship between the retention index and the type of substituent with the
position factor. The authors of that paper measured the values of increments of
retention indices for different substituents at 100°C.

We tried to find out similar relationships for the programmed increase of
temperature.

The increments of retention indices for individual kinds of substituents are given
in Table 5. The best agreement of results appears in case of the methyl group and
the value of increment is 109+ 3 IL.u.

Table 5

Increments of retention indices for the functional groups of the substituted derivatives of benzene

Ix—Iy Al/group

Lur —Ivs =1543-1432 111/CH,

Lra —Isp =1475-1367 108/CH,

L —Isa =1724-1618 106/CH,
Ltac — Ipac =2223 -2111 112/CH,4

Ipa —Inp =1827-1367 460/CHO
Levs —Ive =1889—1432 457/CHO
Lesa —Isac =2749-2111 638/CHO
Lems —Isp =1889-1339 550/COOCH,
Invr —Ius =2003—-1432 571/COOCH,
Iura —Ipac =3772-2111 661/COOCH,
Ita —Ipva =2609 —2038 571/COOCH;

The increment for carbonyl group is 458 I.u. But if a carboxy group occurs in
para position, the increment is as much as 683 IL.u.

Similar situation arises with the increments in retention index for the ester group.
If an aldehyde or ester group occurs in para position, the increment in retention
index is 564 * 7 Lu. If a carboxy group is in para position, the value of increment
is 661 Lu.

It is known that the aldehyde, ester, and carboxy groups produce a negative
induction and mesomeric effect on the aromatic ring [26]. Owing to the induction
effect, fractional charges occur on the atoms of carbon in the benzene ring as well
as on the other carbon atoms. As evident from the structure formulae, both groups
affect each other.

Thus the polar carbonyl group also influences the activity of the carboxy group
and vice versa. According to the values-of increment in retention index, it may be
stated that the carboxy group affects the polarity of the carbonyl group more than
the ester group because of its stronger induction effect.
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Conclusion

The analysis of the oxidation products of p-xylene which contain aromatic acids
necessitates the presence of a strong (mineral) acid which prevents sorption of
aromatic acids on the support, accelerates their elution and the arising peaks are
symmetrical. Phusphoric acid is most frequently used for this purpose. However, it
simultaneously impairs the separation effect of the proper stationary phase. It
appears that sebacic acid conveniently completes the effect of phosphoric acid and
does not impair the separation of DMT and DMI too much. The separation of all
other components in the oxidized product may be achieved by a convenient choice
of the temperature programme.

The relationship between the increment of retention index and type of substi-
tuent can be used in qualitative identification of unknown substances of the sample.
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