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SUMMARY

An ion-exchange packing for use in gas-solid chromatography was prepared
with a high temperature stable polymer and characterized in Cu?* form using several
aromatic amines. Silica glass beads were coated at 2.29, (w/w) with poly-2,6-
diphenyl-p-phenylene oxide which was then sulfonated and exchanged using Cu?™.
Capacity of the material was determined through titration as 0.16 mequiv./g of pack-
ing or 7.4 mequiv./g of polymer. Selectivity of amines versus aromatic hydrocarbon
analogs was exhibited by the packing in Cu?* form and #; increased for aromatic
amines: primary > secondary > tertiary. These results are consistent with steric
hindrance in group specific interaciions such as complexation. Changes in &k’ for
aniline and N,N-dimethylaniline were less than 5-6 9 for the Cu?* form during a 48-
h period with column temperature of 250°C. No shrinkage of the column packing was
observed under these conditions. Properties of thermal stability and specificity ex-
hibited by this material are satisfactory for further characterization as a selective
absorbent for amines in atmospheric samples.

INTRODUCTION

Materials which have properties of selective absorption for particular func-
tional groups such as suifides or amines were prepared during the 1960s for use in
liquid-solid chromatography (LSC). These materials commonly were prepared
through impregnation of silica with metal compounds including CoO (zef. 1), Raney
Co (ref. 2), Zn[Fe(CN,], (ref. 3), and FeCl; (ref. 4) for separation of sulfides, sul-
fonamides, and oxime derivatives respectively. However, except for limited appli-
cation with metal salts® use of such mechanisms in separation with gas—solid chroma-
tography (GSC) have not been widely accepted. Limitations in GSC have been as-
sociated with nonlinear isotherms, strong retention, chemisorption, and variations in
batches of the same adsorbent. In 1973, Hirsch ez al.® iniroduced synthetic macroretic-
ular ion-exchange resins as materials for group-selective separations. Several fea-
tures, advantageous for use in GSC, were exhibited by these sulfonated resins which
were based on a styrene-divinylbenzene co-polymer. Resins in Ag™ form were me-
chanically stable, thermally stable to 150-190°C, and group selective for alkenes.
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Furthermore, this selectivity could be modified conveniently through exchange of the
Ag™* with other ions. While peak shape mostly was symmetrical for olefins and other
hydrocarbons and plate heights were 0.4 to 0.5 cm, slow mass transfer processes
related to diffusion in small pores of the resin were detected as slight tailing in peak
shape.

Problems of mass transport were solved through two approaches. First, a
bonded-phase resin with a porous silica suppert was prepared successfully in Ag™
form and applied in separation of olefins and hydrocarbons’. Although resolution
and peak shape were improved, the upper temperature limit of 188°C was still rela-
tively low. Second, a porous polymer based on an ethylvinylbenzene—divinylbenzene
copolymer was lightly sulfonated through control of reaction temperature and time®.
This attempt to sulfonate only the surface of the resin bead was successful and tailing
was reduced, but limitations in temperature were not investigated and temperatures
were kept at or below 230°C. Furthermore, interactions of this ion-exchange material
with olefins were strong and temperatures of 230°C were required to elute 2—pentene
in less than 4 min using a 13-cm long column.

Aithough ion exchange resins described above may be desuifonated in reac-
tions with water at 150°C, Emerson et al.® have shown that many sulfonate groups
are sterically isolated in solid polymer. Thus, temperature limitations due to thermal
decomposition of ion-exchange polymers in GSC may be governed largely by in-
stability of the aromatic hydrocarbon matrix and not by desulfonation reactions. One
objective of this work was the preparation of an ion-exchange resin using a polymer
matrix with higher temperature stability than the ethylvinylbenzene—divinylbenzene
copolymers which have an upper temperature limits of only 250°C as the unsulfo-
nated hydrophobic resin. Results are presented here on preparation and characteriza-
tion of an ion-exchange material based on sulfonation of poly-2,6-diphenyl-p-
phenylene oxide, a polymer with an upper temperature limit of 350°C!°. Both, ther-
mal stability and selectivity for aromatic amines versus benzene, toluene, and ethyl-
benzene have been determined for such an ion-exchange resin in Cu®** form and are
described here.

A second objective of this work was development of a sorbent material which
would be selective for amines during collection of atmospheric samples and which
could then be analyzed using thermal desorption techniques. During the 1970s, large
advances were made in collection and determination of toxic organic compounds in
atmospheric environments'**3. However, aliphatic and aromatic amines and other
N-containing compounds are mentioned rarely, even though they have been found in
automobile exhausts'4, ambient air'5, and cigarette smoke?®. One possible source of
this general lack of detection of animes may be found in sampling procedures which
collect all type of organic compounds including more abundant aromatic and ali-
phatic hydrocarbons which may mask the presence of trace concentrations of amines.
Eowever, selective absorption in the sampling step may provide a method for reduc-
ing these difficulties and provide more detailed information on amine content of
atmosphﬁnc and other gaseous ‘'samples.
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EXPERIMENTAL

Siudfonation of polymer

- Two procedures were used for sulfonation of polymer which was purchased as
commercially available Tenax-GC (80-100 mesh, Alltech, Deerficld, IL, U.S.A)).
First, 3.4 g of porous polymer were heated to 125°C for 69 min in 2 250-ml round-
bottomed flask (with condensor) with 150 mi of concentrated sulfuric acid (ACS
Reagent Grade, Fisher Scieatific, Fair Lawn, NJ, U.S.A.). The flask was cooled to
room temperature and contents were filtered. The filtered polymer was washed with
deionized water, methanol, and air dried wsing aspirator vacuum. A Perkin-Elmer
Model 283R infrared (IR) spectrophiotometer was used with KBr pellets of starting
material and product to monitor success of sulfonation. Second, 3.2 g of polymer
were slowly warmed as above to about 120°C with 120 ml of fuming sulfuric acid (J.
T. Baker, Phillipsburg, NJ, UJ.S.A.) for 60 min, but the total time at 120°C for the
reaction was only 5 min. The mixture was poured over ice, isolated as before, and
characterized by IR spectrophotometry.

Preparation of packing based on ion-exchange resins

Packing based on an ion-exchange resin was prepared through coating 0.096 g
of Tenax-GC in methylene chloride solution on 4.315 g of silanized silica glass beads
(Volaspher A-2, Manufacturing Chemists, E. Brunswick, NJ, U.S.A.) using a rotary
evaporator. Packing was air dried and then sulfonated with fuming sulfuric acid using
conditions of 100°C for 30 min. Reaction mixture was poured over ice, filtered, and
washed with distilled water until effluent was constant pH. An ion-exchange column
for GSC was prepared using 0.48 g of H* form packing in 2 40 cm x 2 mm borosi-
licate glass column.

Also, ion-exchange material was exchanged to the Cu?* form. A concentrated
solution of CuBr, (J. T. Baker) was prepared and 20 ml of solution was mixed with
about 1.5 g of ion-ecxchange packing. The mixtuse was gently stirred for 10 min,
filtered, and washed using 50 ml of deionized water. Packing was dried at 100°C and
large aggregates of packing maternial were broken carefully using a glass rod. Without
further treatment, 0.545 g of Cu?* form ion-cxchange material were packed in a glass
column as above.

Characterization of packing material

Titration. Sodium hydroxide solution was freshly standardized using potassi-
um acid phthalate and titrated to a phenophthalein end-point. Capacity of the resin
was determined through ti¢ration with this NaOH solution using 0.703 g of packing
in H* form in 50 ml of rapidly stirred deionized water. Values were corrected using a
blank of 50 ml of deionized water.

Temperature stability. Columns were installed in a Hewlett-Packard Model
5721A gas chromatograph equipped with on-column injection port and flame ioniza-
tion detector (FID). Initially, temperature stability was measured as column bleed
during a temperature program of 40°C to 220°C at 6°C/min. Helium carrier gas flow-
rate was 31 ml/min. Later, temperature stability of the Cu?* form ion-exchange
material was monitored using retention behavior for aniline and N,N-dimethyl-
aniline. The column was kept at 250°C for 48 h and periodically temperature was
reduced to 100°C for characterization.
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Elution analysis. Four packing materials, (1) Cu?* form ion-exchange resin (2)
H™ form ion-exchange resin, (3) silica beads (Volaspher A-2), and (4) 3% OV-17 on
100-128 mesh Chromosorb W (Alltech) were characterized between 90°C and 120°C
using elution analysis'*. Values for the capacity ratio (k") and the specific retention
volume (V) were determined using aniline, N-methylaniline, N,N-dimethylaniline,
benzene, toluene, and ethylbenzene. Amines were prepared at 20 gg/ul in benzene and
others were prepared at same concentrations in methylene chloride.

Chemical characterization. Carbon and hydrogen analyses were made in du-
plicate by Guelph Chemical Laboratories (Guelph, Canada). Determination of Cu®*
was made by atomic absorption spectrometry using a Varian Techtron Model AAS
following acid digestion of a portion of the resin.

RESULTS AND DISCUSSION

Use of poly-2,6-diphenyl-p-phenylene oxide (Tenax-GC) in this study was
based on the possibility that decomposition of dry ion-exchange resins is governed
kinetically not by desulfonation, but rather by thermal instability of the aromatic
hydrocarbon matrix. However, sulfonation of a polymer also may result in reduced
thermal stability of this hydrocarbon matrix. Although thermal stability of Tenax-
GC is 100°C higher (350°C) than styrene—divinylbenzene polymers (250°C) reports
on sulfonation of Tenax-GC were not found. Sulfonation of Tenax-GC was first
attempted here using hot (120°C) concentrated sulfuric acid which has been used
successfully to sulfonate styrene—divinylbenzene polymers!”. Color and wettability of
product from this reaction were identical to those for starting material and IR analy-
sis of recovered product confirmed no reaction occurred. Next, fuming sulfuric acid
was used at 120°C for sulfonation. Near 50°C the solution turned light brown and the
color of Tenax-GC turned off-white. Polymer was isolated, after the reaction was
quenchad, as a yellow, gel-like material with a volume (wet) nearly four times the
starting volume of Tenax-GC. The washed and dried product was brittle and results
from IR analysis confirmed.a sulfonated product. Since the handling properties of
this sulfonated material were unsuitable for use in GSC, silica beads were selected asa
support for Tenax-GC which then was suifonated as described above in Experi-
mental. This packing was white and had good handling properties for use in GSC.
Results from titration of the H* form ion-exchange packing showed a capacity of
0.16 mequiv./g of packing or 7.4 mequiv./g of polymer for polymer loading of 2.2
(w/w). This value may be compared favorably to 5.4 mequiv./g of dry Dowex 1-X1*'5.
Average carbon and hydrogen content by weight was 1.60 % and 0.16 9 respectively.
Copper content by weight was 0.359,.*%

Comparisons of reiative retention behavior for several aromatic and aromatic
amine compounds on Cu>* form ion-exchange column and OV-17/Chromosorb-W
column are shown in Figs. 1 and 2. In Fig. 1 effects of temperature on retention of
model compounds is shown in plots of &” vs. 1/7(°K). Plots show that aniline, N-
methylaniline, and N,N-dimethylaniline are absorbed more strongly than similar
aromatic carbon analogues which showed little or no retention on this column, even
at temperatures as low as 90°C. Slopes of curves for aromatic amines show that values

+ Silica beads following sulfonation had no H* capacity and showed no visibie exchange with Cu2*.
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Fig. 1. Plot of £’ vs. (temperaturc)~! for 30 cm Cu** form ion-exchange column with compounds: (a)
aniline, (b) N-methylaniline, (c) N,N-dimethylaniline, (d) ethylbenzene, (e) toluene, and (f) benzene. See
Table I for values of V.

Fig. 2. Plot of &’ vs. (temperature) ~! for 200 cm OV-17 on Chromosorb W column with same compounds
as in Fig. 1. See Table I for values of V.

for ¥, may be expected to be large at ambient temperature yet comparatively low at
moderately elevated temperatures of 120 to 150°C. Such properties are necessary for
successful application in thermal desorption analyses. Plots in Fig. 1 also show an
clution order: N,N-dimethylaniline, N-methylaniline, and aniline as most strongly
retained. Similar effects have been observed in solution in ligand-exchange chromato-
graphy'? and may result from steric hindrance in approach of R;N: to Cu?™ in Lewis
acid—base complexation?®. Retention behavior of these same compounds on a
column of intermediate polarity is shown in Fig. 2. Again curves show aromatic
amines are more strongly retained than aromatic carbon analogs. However, selectivity
for amines was less since ethylbenzene and aniline showed values of « between only 3.3
to 3.9. Furthermore, elution order for the amines was completely reversed. Although
values for k” appear similar for aromatic amines m Figs. 1 and 2, when estimated
weight of liquid phases (0.016 g of Cu®* form ion-exchange resin and 0.47 g of OV-
17) are considered, values fof distribution constant K, will differ substantially. Values
for V, for these compounds are given in Table I for both columus at temperatures of
120° and 90°C. :

Typical of GSC, retention of amines on the Cu?* form ion-exchange resin
related to concentration in non-linear isotherms. Actual chromatograms are shown in
Fig. 3 for aniline. By comparison to an analytical grade packed column, peak shape
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TABLEI

SPECIFIC RETENTION VOLUMES FOR AROMATIC AND AROMATIC AMINE COMPOUNDS
ON Cu** FORM IER AND OV-17 COLUMNS

.y - ¥

Weight of packings were: OV-17, 1.587 g 3
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arez of Chromosorb W L.I to 3 m?/g.

V'

reo°c K0°C

Ci** form ov-17 Cu** form ov-17

ion-exchange (mifg) fon-exchange (mifg)

resin (mlfg) resin (mljg)
Benzene 0 0 ] 13
Toluene 4] 1.8 0 5.0
Ethylbenzene 1] 3.5 4.8 118
Aniline 25.5 133 969 39.0
N-Methylaniline 244 214 83.3 69.9
N,N-Dimethylaniline 184 222 46.4 71.2

was poor with values for N (number of theoretical plates) of 28 and for H (height

...... lacs s thhaenss <,
equivalent to a theoretical plate) of 1.4 cm with aniline at 100°C. These parameters

clearly could be improved through increased attention to-sieving the ion-exchange
material before columns are packed and through optimization of carrier gas flow.

. Partition coefficient, X, in gas-liquid chromatography with complexation inter-
actions is shown in eqn. 1:

K = K° + K°K,C,
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Fig 4. Edsorpnou behavior of H” form mn-excﬁange Tesin for aromatic amines. Suomve mpcuons of
@dggoianﬂmcand(b}-(d}li,aggf&-meﬂzgh@m . o .
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where K° is partition coefficient of solute with pure-solvent, K, is the formation
constant of the complex; and C, is molar concentration of complexing agent in
solution®*. Although eqa. 1 has been modified for GSC?2, extention to ion-exchange
materials has not been made. Since interactions between the aromatic matrix and the
aromatic amines may be expected to contribute to retention and since the ion-ex-
change packing may have been altered through sulfonation, the model closest to
€u?* form ion-exchange column without specific interactions was first thought to be
H* form ion-exchange resin. Representative results from a study of &’ for aromatic
amines using a H¥ form ion-exchange column are shown for N-methylaniline in Fig.
4. Results from four sequential replicate injections of pure compound with a trace of
benzene impurity are presented as chromatograms which show complete adsorption
of nearly 0.2 mg of aromatic amine.. With subsequent injections, increasing amounts
of compound were eluted successfully through the column. Uncoated silica beads
were used as packing to-determine if sites of adsorption on the support could adsorb
amines and no adsorption was detection. While formation of an amine salt R;N™H
and adsorption is likely, the adsorptive capacity of the H* form ion-exchange resin
could be restored. by heating to 220°C. This process which was quantitatively repro-
ducible was not investigated further and values for K® were not determined using H*
form ion-exchange resin.

The Cu®”* form ion-exchange column was then reexamined for quantitative
elution of aromatic amines. Adsorption of amines was noted for masses of 2 to 10 ug,
roughly 103 less than for the H* form ion-exchange resin, but after several injections
retention properties stabilized. These results are evidence that free -SO;H may be
responsible for adsorption. After several injections of about 2 ug, percent clution was
100 % vs. OV-17. This adsorptive behavior of the Cu?* form ion-exchange resin also
was restored after heating to 220°C, but no column bleed, evidence of decomposition
of an amine salt, was detected.

Temperature stability of the Cu?* form and H™ form ion-exchange resins was
tested first by heating from 75 to 220°C at 6°C/min. No shrinkage of the column bed
volume was detected visually, but slight brown discoloration of the Cu?* form resin
was detected. However, retention behavior for aromatic amines did not change on the
Cu’* form resin column even after several hours at 220°C. The Cu>~ form resin was
then kept at 250°C for 48 h. Results from study are shown in Table I as &” values for

TABLE I

VALUES OF & FOR ANILINE AND N-METHYLANILINE VERSUS TIME FOR COLUMN TEM-
PERATURE OF 250°C

Measured at 100°C uvsing 30 cm long column.

Tane (i) &’ (anilines) &k’ (N-methylaniline)
r .S 1.5
2 90 115
4 8.0 10.5
& 8.0 10.5
24 8.0 11.0
48 8.0 110




274 - G. A. EICEMAN

aniline and N,N-dimethylaniline. During this time, band broadening was mcteased
slightly and k’ values were decreased by oaly 5-6 9.

CONCLUSIOMNS - -

Tenax-GC, a 2,6-diphenyl-p-phenylene oxide polymer may be successfully sul-
fonated using fuming sulfuric acid at 120°C. However, materials which are suitable
for use in GSC are better prepared through the use of a solid support for the polymer
which is then sulfonated. Resuits from elution behavior are consistent with complex-
ation interactions of Cu?* form ion-exchange resin with aromatic amines. This ma-
terial is stable to at least 250°C with no column bed shrinkage. Furthermore, the
material has properties and elution behavior which may be valuable for use in sorbent
traps for selective adsorption of amines in complex environmental samples and in
thermal desorption methods of such traps.
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