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SUMMARY -

Gas and liquid chromatographic methods for the resolution and determination
of xylidine isomers are described. The gas chromatographic method of choice in-
volves a derivatization of xylidines with N-methylbistrifluoroacetamide, followed by
immediate injection onto an Apiezon—Carbowax column. 3,4-Xylidine, the major
compound of concern, is clearly separated from its isomers. Modification of this
procedure allows for the determination of 3,4-xylenol as well. The latter can occur in
low levels in samples of 3,4-xylidine. The optimum liquid chromatographic method
involves the use of a normal-phase column and a solvent system consisting of meth-
ylene chloride—hexane—ethyl acetate (74:25:1). Detection is at 254 nm. This method
resolves the six xylidine isomers in underivatized form.

INTRODUCTION

Xylidines are important industrial compounds, and therefore a rapid, reliable
assay of these materials is needed. This report deals primarily with 3,4-xylidine.

The determination of 3,4-xylidine should comnsider two points. First, any
method should resolve 3,4-xylidine from its isomers, of which there are six. Second,
3,4-xylidine and its isomers should be separated from process impurities. These could
include xylenes, bromoxylenes, and/or xylenols.

There are a number of papers in the literature that describe gas chromato-
graphic (GC)' and liquid chromatographic (LC)*® approaches to the determi-
nation of xylidines. However, these are not entirely satisfactory with regard to resolu-
tion of isomers, quantitation, and/or ease of application.

This paper presents alternative methods, GC and LC, to those described in the
literature, The GC method, which utilizes N-methylbistrifluoroacetamide (MBTFA)
as denvatxzmg agent, and the 1.C method described herein are both rehable, rapid,
and easy to use. . . . .o . ]

. .* Presented at the Pittsburgh Conference, Atlantic City, NJ, March 8-13, 1982.
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EXPERIMENTAL .
Apparatus

For the GC studx&s, a Hewlett-Packard gas chromatograph, Model 5840A,
equipped with a flame ionization detector, and a 18850A data terminal were used.
Columns used were:

(ND3m x 2mm LD, giass,packedmth3/<,Bentone-34and 3% XE-60 on
Gas-Chrom Q, 80-100 mesh, for underivatized xylidines;

(2) 3m x 2mm LD., gldss, packed with 49, Carbowax 20M and 109 Ap-
iezon N on Chromosorb W, 60—80 mesh, for the MBTFA-derivatized xylidines;

(3) SO0 m x 0.05 mm I.D., glass capillary wall-coated open tubular, WCOT,
packed with Carbowax 20M, for underivatized xylidines.

For the LC studies, the following equipment was used: LDC Constametric III
puinp; LDC Spectromonitor III UV detector, set at 254 nm; Rheodyne Mcdel 7125
injector with a 15-ul sample loop; LiChrosorb Si 60 column (24 cm x 4.6 mm 1L.D.).
The mobile phase consisted of methylene chloride-hexane-ethyl acetate (74:25:1).

Chemicals and reagents

All chemicals were reagent grade and obtained commercially. LC solvents were
glass-distilled, chromatographic grade, obtained from Burdick & Jackson (Mus-
kegon, MI, U.S.A.). MBTFA was ‘obtained from Pierce (Rockford, IL, U.S.A.).

Preparation of trifluoroacetylated xylidines for GC

About 20 mg of sample (containing xylidines) is dissolved in 2 ml of dry
pyridine. To this solution is added 0.25 ml of MBTFA. The solution is warmed for
2-5 min at 80°C, and then diluted to 10 ml with additional dry pyridine. A 2-ul
volume of this solution is injected into the gas chromatograph.

Operating conditions

For GC:

Column 1: helium flow-rate, 30 ml/min; column temperature, 150°C; injector
temperature, 250°C; detecior temperature, 300°C;
- Column 2: helium flow-rate, 30 ml/min; column temperature, 170°C; injector
temperature, 206°C; detector temperature, 300°C;

Column 3: nitrogen flow-rate, 1.0 mi/min; column temperature, 180°C injec-
tor. (sphtl:ss) temperature, 250°C; detector temperature, 300°C.

"~ For LC: solvent:flow-rate, 1.0 ml/min; effluent monitored at 254 nm.

RESULTS AND DISCUSSION

GC determination of xvlzdmes o ’

Without derivatization. In the mmal attempts to’ determme 3 4—xyhdme by GC,
a3 m-x 2 mm LD. column packed with 3 % Bentone-34 and 3 9 XE-60 was used, in
conjunction with a flame ionization detector. In this case, low levels of 3,4-xylidine in
production samples of ribityl xylidine were determined. Also present in these samples
were 2,3-xylidine, methanol,-and water. For quantitation, benzyl alcohol was used as
the internal standard. -For samples known to contain only the 2,3- and 3,4-isomers,
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Fig. 1. GC of xylidine isomers on Bentone-34-XE-60.
Fig. 2. GC of xylidine sample on Bentone-34-XE-60. ISTD = Internal siandard.

this method worked well. Xylidines of interest could be determined down to the 10-
ppm level. However, the 2,5- and 3,5-isomers, if present, would elute together with
the 2,3- and 3,4-xylidines (Fig. 1). A chromatogram of an actual sample is shown in
Fig. 2. - .

With derivatization. To achieve better resolution of the xylidine isomers, a
method described by Dove! was adapted. The primary interest was to determine the
purity of production samples of 3,4-xylidine. MBTFA was used as the acetylating
agent for the xylidines instead of trifluoroacetic anhydride as used by Dove. Samples
were injected immediaiely following reaction with MBTFA onto a column (3 m x 2
mm I.D.) packed with 49 Carbowax 20M and 10 9/ Apiezon N. Sample cleanup was
unnecessary,. and the 2,3- and 3,4-isomers were clearly -separated from.the other
xylidines (Fig. 3). For quantitation, n-hexadecane was used as the internal standard.
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F'g. 3. GC of xyhdme isomers on Carbowax 20M-Apxaon N.

’I'o t&st the compxetcn&ss of reaction of xylidine thh MBTFA as a function of
txme, the constancy of response ratio (Rg, xylidine response: C,4 response) was de-
termined. Over a reaction time range of 1-150 min, the response ratio remained
constant for the-2,3-; 3,5- and 3 4-isomers.(Table I).

- Experimental- samples containing known amounts of xyhdmes were also ana-
lyzed The GC assays were well in-line with the expected results (Table II). That the

ethod’ was reproducible was: demonstrated by repetmve analy&s of an- actual pro-
duction sample (Table OI). 7 7 °
-+ In.production samples of 3 4—xyhdme, a ttoublsome mpunty proved to. be
3,4-xylenol. ' In MBTFA:treated samples; it eluted, as the-acetylated- derivative, just
after the solvent peak (Fig. 4a): However, on treatment of the derivatized sample with
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TABLEII -

- Time (mm) : ,: " ";t-_" Rg* mlues
- Xy[idines e
23 s 34-
10 0995 - 0954 100
. 250 099 . 0.948 0995
- 550 -  0.999 - 0958 1.00
150.0 0.997 . 0957 1
S : - peak area VWLinI s,
L% = reSponse ratio = — X
& R . Peak:main;é}:a. Wirer.

GC ANALYS]S OF SYNTHETIC XYLIDINE MIXTURES: RECOVERY DATA

Mixture Isomgrs Composmorz Composition by - Recorerv {9 / )
designation - present jbnnylated (%, wiw} analysis (%, wiw)
A S 34 993 97.8 984 -
23-: 0.6* 0.6 160.0
B 34 958 95.4 99.6
' T 2,3~ 4.1* 4.1 ) 100.0
c . 34 349 33.7 9.6
) S 23- 64.6% 63.4 98.1
D <34 -338 337 99.7. - -
2,3- 344 344 100.0
35, ---. 318 317 99.7

* The remainder of these mixtures consisted of small amounts of other isomers.

TABLE HI

REPETITIVE GC ANALYSIS OF A PRODUCTION SAMPLE OF 3; 4-XYLIDINE STATISTICAL
-EVALUATION OF METHOD s T

Rt No. | Weight (mg) '3,4-@‘1:‘:1@ (%)
o Sample Ci*

1 246 . 312 .. 911

2 334 . 317 . 98.3

3. 236" 28.4 993

4 246 313 T 1992

5 24.1 303 98.7

6. .. i 250 -31.8-7.... . 989 .
7. . 265 - 320.- 979

Mean B Coge T
"Standarddcv:auon(SD) R - 0.62

. Coeﬁicxcnt of variation (C. V) (%) 0.63

" * Hexadecane was used as mternal standard Pyndme (10 ml) was the solvent, and MBTFA was the
’ dcnvanzanon mgent. ’ .
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Fig 4. GC of 2 mixture of 3,4-xvlidine and 3,4-xylenol. (2), Immediately afier reaction with MBTFA; (b),
after treatment with Na.HCO3 and extraction with dxcthyl cther.

queous NaHCO_,,, the acetylated a,4-xyienol underwcnt hydrolysxs, whereas the acet-
viated 3,4-xylidine did not, as indicated in the resultant chromatogram (Fig. 4b).
The new peak corresponded to underivatized 3,4-xylenol and could be amenable to
quantitation.
As a result of the foregoing mampulatlons it was possible to develop a scheme
(Fig. 5) for first determining 3 4—xyhdme -after reaction with MBTFA, and sub-
sequently’ 3,4-xylenol, following treatment of the sample with NaHCO;. Peak as-
signmeant f for the 3 4—xy1enol was made by GC-mass spectrometry

B Other GC studies. For separating other lmpm'm&c in xylidine samples by GC,a
packing containing three phases was used: 5%, SP-1200-1.75%, Bentone 34, 5% OV-
210 and 3 % Versamid 900. The chromatogram obtained is shown in Fig. 6. . .

‘Materials that could be present in production samples of 3,4-xylidine are in-
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Fig. 5. Scheme for analyses of samples containing 3,4-xylidine and 3,4-xylenol.

7,24
.7

Fig. 6. GC.of a mixture of xylenes, bromoxyleaes, xylidine and xylenol: Compounds cluted: p-xylene
(retention time 7.24 min); m-xylene (7.45 min); o-xylene (8.12 min); 3-bromo-o-xylene (15.75 min); 4-
bromo-o-xylene (15.94 min); 3,4-xylidine (18.85 min); 3,4-<ylenol (21.76 min). Conditions: glass column

"(4m x 2mm LD.); column temperature, programmed from 70°C (after 4 min) to 185°C at §°C/min; -
injector température, 250°C; detector (FID) temperature, 300°C; carrier gas, helium; flow-rate, 35 ml/min.
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Fig 7. Capillary column GC of xylidines.
Fig. 8. LC of xylidine isomers.

dicated, including isomers of xylene and “bromoxylene. The xylidine and xylenol
shown are in underivatized form. Xylenes and bromoxy!eues could also be identified
using the column packing suggested by Dave; ie., Carbowan 2vM and Apiczon N,
although in this case each set of isomers would elute ina amglc peak.

Finally, the use of capillary columns.for resolving the isomers of xylidine was
also mvestxgated A 20 9% Carbowax 20M, glass capillary WCOT column, 50 m long,
separated the six xylidine isomers (Fig. 7). Although thlS resoluuon had deﬁmte pos-

sxblhtxec it was difficult to-reproduce. -
- Overall, oaly the GC mgghgd requiring derivatization with MBTFA, followed
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: by chromatography oivia Carbowax—Apxezon column, ptovxded smtab!e separanon
of isomers m addmon to reprodumble ql.antltatzon.i: : S I

LC a‘etennmatzon of xylzdmes : : R '
h ‘The advantages of the GC method for determmatxon of xylxdm@s notmthstand-
ing, it was. decided to.examine the'use of LC- for the same determination. This was
based on the premise that LC would not require denvatlzatxon and would prowde a
more rapid-determination of the xylidines.. .
-~ . Imusing LC, the problem of resolving the Six. xyhdme isomers had to be ad-
A dressed..Chow and Grushka* reported the separation of three xylidine isomers in an
LC system using a copper amino complex on a normal-phase column, and Little ez
_al3 reported the separation of two xyhdme isomers on 2 similar column.

The possibility of separating the six isomers on a normai-phase column, usmg
methylene chloride as the mobile phase, was examined. Sepa.ranon was achieved
initially for five of the xylidine isomers, with the 3,4-dimethyl isomer eluting as a
broad, final peak. The elution profile appeared to reflect the interaction of the basic
solutes with the slightly acid stationary phase, elution time being a function of solute
basicity®-”. To improve the elution characteristics of the xylidines in general and of
3,4-xylidine specifically, the mobile phase was modified, first by the additior of ethyl
acetate, and then by the addition of hexane. By keeping the concentration of ethyl
acetate to a minimum and adjusting the methylene chloride-hexane ratio, it was
possible to achieve separation of the six xylidine isomers (Fig. 8).

It is interesting to note that the capacity factors, k', of the xylidines are related
to their basicity, the pK, value being directly related to log k" (Fig. 9). In the course of

as Gz

ek

. R 4 : ) ) s y ]
38 40 - ez 44 45 a8 se 52
. } ox,
o S . gk, VS LOG Kk’ FOR XYLIDINE ISOMERS
an. 9 P!ot showmg re!auonshlp between pK,, and capacity factor (log k") of 1cyhdnms pK, valu&s are from
tef 9. .
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trying different variations in solvent ratios, a shift was noted in the elution order of
the 2,4- and 3,5-dimethyl isomers. Depending on the ratio of methylene chloride to
hexane in the mobile phase, one or the other of these isomers would elute first. This is
not completely unexpected inasmuch as their pK, values are veryclose. . .

- The LC procedure, as ultimately adapted for determination of xyhdmes (t.e
using a normal-phase column eluted with methylene chloride—hexane-ethyl acetate,
74:25:1), was evaluated for reproducibility of response factors, using m-chloroaniline
as the internal standard (Table IV). Additionally, assays were performed on experi-
raentally prepared mixtures containing 3,4- and 2,3-xylidines (Table V). Recoveries
of xylidines exceeded 96 9. This LC method was aiso used to determine xylidines in

actual production samples (Table VI). The values compared favorably with those
obtained by the GC method applied to the samples.

TABLE IV » -
REPRODUCIBILITIES OF RESPONSE FACTORS IN THE LC OF XYLIDINES

Response factor (amt.[ht. }*

m-Clzloroam.me Xylidines
23- 34-
0.583 - - 122 1.26°
0.583 i 1.22 1.26
0.587 - 123 1.27
0.616 1.20 1.27
0.564 ) i.16 1.22
x 0.590 1.21 1.26
S.D. 0.02 0.03 0.02
CV.(% 21 2.3 1.65

* Amt. is in mg, ht. is in intcgrator units.

TABLE V
RECCGVERIES OF 2,3- AND 3,4-XYLIDINE IN SYNTHETIC MIXTURES BY LC

Camposition {mg) - - . Recovery (%)
Actual OMJ B 2,3~ 3.4-
23- - 3.4 2.3- 3.4-
2374 26.99 23.62 26.70 99.5 989
1422 2317 . - 1420 23.10 99.9 - 997
3.17 2105 - 323 20.61 - 1019 979 -
1347 - 1944 13.20 19.30 98.0 893 --
523 16.05 5.20 15.50 93.1 96.1
£ ) S ... 995 _ 9838
- 8B, - = T - = - . - -7 159 - .44

CV. (%) ; L T = L5



“‘vaf.-'-z',__‘)‘;x_‘y';lld'irte: SR e

b _m mYaws

96.2 -

S 9Tere
97.6
993 .

S o4
975
1000° -
99.6 -
-98.7

. 984 . .-
994 . .

':1004 :

995"

1.2

1.2 -
16 14

- 21 L2

973"
03 -

. % The GC mcthod used was thc one described herein using MBTFA and the Carbowax—Apxeznn

: column

*= By cxtcmal st:anda.rd method; all other LC detenmnatxons used m—chloroambne as the mtemal

standa.rd.

. RESPONSE (2654 nm)

' XYLENES/BROMO-XYLENES -

ot
(=]
=
C oW
=
B
R
LI
TG
NA

2,3-XYLIDINE
3A-XYLIDINE

3,4-XYLENOL

I

- -3

8- - 15
TIME (MINUTES)

F’g. 10. LC oE xyhdms and lmpurm&. L



320 ’ ‘ L. SCHMELTZ et al.

As noted previously, samples of 3,4-xylidine could contain, as impurities, Xy-
lenes, 3- and 4-bromo-o-xylenes, 3,4-xylenol, 2,3-xylidine, and other xylidine isomers.
3,4-Xylenol is occasionally present in producuon samples in relatively low levels
(<1.0%). At a detector wavelength of 254 nm, it is not possible to quantitate these
levels, although at 274 nm or by the use of fluorescent techniques, such quantitation
may be effected®. In the present method, 3,4-xylenol elut& just prior to 2,3-xylidine
(Fig. 10).

CONCLUSION

Several approaches to the determination of 3,4-xylidine and related materials
have been explored. The GC assay, incorporating a derivatization step with MBTFA,
has been shown to be reproducible, rapid, and amenable to routine analyses. The LC
method, which requires no derivatization step, shows promise although it has not
been used as extensively as the GC method. It, too, should be apphcable to repetitive,
routine assays of xylidines and related compounds.
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