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ABSTRACT 

Low-capacity phenylazo-8-quinolinol-silica gel (QSG) stationary phases were made by two different procedures. The first began with 
an aminopropyl-silica gel (APSG), which was converted to nitrobenzamide-silica gel (NBSG) by amidization with p-nitrobenzoyl 
chloride. The second began with the direct preparation of the NBSG using nitrobenzamidesilane. Retention data for several organic 
analytes were obtained on APSG and on the NBSG and QSG phases made by both procedures. Anomalously high capacity factors 
were obtained for p-nitrobenzoic acid on the NBSG material obtained from APSG, indicating the presence of unreacted aminopropyl 
anion-exchange sites. Only after reamidization of the NBSG using more vigorous conditions did the retention data approach that on 
the NBSG made by the second method. Even then, the opposite order of elution ofp-nitrobenzoic and benzoic acids on the two NBSG 
and QSG phases indicated that vestiges of amino groups remained on the materials made from the APSG. Several chromatographic and 
chemical characterization methods confirmed the presence of residual aminopropyl groups. 

INTRODUCTION 

Chemical modification of surfaces by means of 
silane coupling agents is employed in many areas of 
commerce such as the textile, coatings and material 
composites industries [1,2]. In science and technol- 
ogy, silane-modified solids such as electrodes [2-4], 
heterogeneous catalysts [2-51 and gas and liquid- 
chromatographic stationary phases [6,7] are being 
increasingly employed. 

Aminopropylsilane is a commonly used surface- 
modification reagent. Many organic and biochem- 
ical species are directly or indirectly “coupled” to 
the surface in question via a covalent bond with the 
amino group at the end of the propyl spacer arm [S], 
and therefore understanding and control of alkyl- 
amine surface chemistry [9] is very important. In 
fact, one of the early uses of this silane coupling 
agent was for the immobilization of enzymes on sil- 
ica gel [lo]. Aminopropylsilane has also been used 
for the production of silica gel-bonded “amino” 

columns for carbohydrate separations and for the 
parent modified silica gel from which a variety of 
stationary phases have been produced [8], including 
chiral phases [l 11. 

In most of these situations little attention, if any, 
has been given to whether the amio group is fully 
reacted with the species with which it is to be cou- 
pled. A few studies have found, however, that some 
of the original amino groups did remain unreacted, 
for example, in the production of picramidopropyl- 
silica gel [ 12,131 or silica gel-immobilized cyclodex- 
trins [ 141, a stationary phase on which anomalously 
large retention of organic acids was noticed. 

Aminopropyl-silica gel (APSG) has been used in 
our laboratory for some time [15-171 as the parent 
material from which propylamido-substituted 
phenylazo-8-quinolinol-silica gel (QSG) is made 
[18]. The amino group is reacted with p-nitroben- 
zoyl chloride to yield nitrobenzamide-silica gel 
(NBSG). The nitro group is reduced to aminobenz- 
amide-silica gel (ABSG) from which the diazonium 
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salt-silica gel (DSSG) is made. This material is then 
coupled with 8-quinolinol to give the QSG phase. 
Several years ago, we developed a shortened route 
to QSG which employs triethoxysilylpropyl-p-ni- 
trobenzamide to. yield NBSG in one step on reac- 
tion with silica gel. Subsequent reactions are the 
same as for the longer method. We had assumed 
that the final QSG was the same whether APSG or 
NBSG was the parent material [19]’ until two col- 
umns made by each method were used to separate a 
series of organic analytes [20]. In thal work, organic 
acids were found to have substantially longer reten- 
tion times on the columns which were made from 
aminopropyl-silica gel than on those’made from the 
nitrobenzamide material. We speculated that resid- 
ual basic amino groups were responsible for the 
anomalously large retention of the organic acids 
[20]. In a more recent study, QSG phases made 
from both parent species were emplofred for the sep- 
aration of mixed-class analytes, including inorganic 
anions. Very high retention values ifor the anions 
were obtained on the APSG-deriveb QSG [21]. It 
appeared likely that residual proqonated amino 
groups were acting as anion exchangers for both 
inorganic anions and ionized organic acids [21]. 

The purpose of this study was to confirm these 
suspicions and to show that stationary phases pro- 
duced from aminopropyl parent materials may well 
exhibit chromatographic results trapeable to ana- 
lyte interaction with residual amino or protonated 
amino groups, even at low coverage& In this study 
packing materials produced from both aminopro- 
pyl- and nitrobenzamide-silica gel were chromato- 
graphically compared, and the presence of residual 
amino groups was confirmed for phases produced 
from APSG. 

EXPERIMENTAL 

Apparatus 
The chromatographic system consisted of a Beck- 

man (Fullerton, CA, USA) Model ldO-A pump and 
Model 153 single-wavelength (254 nm) detector. Ni- 
trate analyte was monitored on an I/SC0 (Lincoln, 
NE, USA) Model V4 detector at 210inm. Columns, 
packing procedures and general chromatographic 
conditions have been described previously 
[16,17,20]. 

Spectroscopic studies employed a Varian (Sunny- 

vale, CA, USA) DMS-100 spectrometer for UV 
VIS and a Perkin-Elmer (Norwalk, CT, USA) 
Model 272 for flame atomic absorption spectromet- 
ric work. 

Silylations employed a Coulter Ultrasonic (Hia- 
leah, FL, USA) Model CE-12 80-W ultrasonic 
cleaning bath. 

Reagents and solutions 
The stationary phase support material was Ad- 

sorbosil-LC, a preparative-grade, lo-pm diameter, 
60-A pore, 480 m2 g-l irregular silica from Applied 
Science (Alltech) (Deerfield, IL, USA). Fines were 
removed by stirring about 13 g of the material into 
250 ml of water and drawing off the top 100 ml of 
slurry with a lOO-ml pipet after 15 min of settling. 
The procedure was repeated twice, with 100 ml of 
fresh water added after each removal of fines. 

Water was purified with a Barnstead (Dubuque, 
IA, USA) NANOpure four-cartridge system using 
feed water doubly deionized by the departmental 
system. High-performance liquid chromatographic 
(HPLC)-grade methanol was used for all chroma- 
tography and ACS-grade methanol for synthetic 
and column-packing work. Acetate buffers were 
made from HPLC-grade sodium acetate and Instra- 
Analyzed acetic acid, both from J. T. Baker (Phil- 
lipsburg, NJ, USA). Analytes were of analytical- 
reagent grade and about 10-3-10-4 M solutions 
were made up in methanol or mobile phase. Ana- 
lytes and mobile phases were filtered through 
0.45~pm membrane filters. 

Triethylamine and p-nitrobenzoyl chloride were 
of Puriss grade (> 99.5%) from Fluka (Ronkonko- 
ma, NY, USA). 3-Aminopropyltriethoxysilane 
(Hiills/Petrarch, Bristol, PA, USA) was distilled be- 
fore use at 3 Torr and 69.5”C. Trimethylsilylimida- 
zole (TMSI) (Hi_ills/Petrarch) was used as received. 
All other reagents were of ACS grade and used as 
received from various suppliers. 

Stationary phase synthesis 
The 8-quinolinol-modified silica gels (QSG) were 

made by two different routes. The first (method I) 
begins with an aminopropyl-modified material 
(APSG), which is converted into nitrobenzamide- 
silica gel (NBSG) by amidization of the propyl- 
amine with p-nitrobenzoyl chloride [ 15,18,22]. The 
NBSG is subsequently converted into an amino- 
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benzamide-silica gel (ABSG) by sodium dithionite 
reduction of the nitro group. A diazonium salt-sil- 
ica gel (DSSG) is next prepared from the ABSG in 
nitrous acid and the DSSG is coupled to 8-quinoli- 
no1 in ethanol solution. NBSG and QSG phases de- 
rived from APSG parent material (synthetic meth- 
od I) are designated by the suffix I. 

Method II employs triethoxysilylpropyl-p-nitro- 
benzamide silylation of silica gel to eliminate the 
lengthy amidization step and yield NBSG directly 
[19]. Subsequent reactions are the same as for meth- 
od I. Stationary phases prepared from NBSG made 
by method IT are designated by the suffix II. 

The APSG synthesis was performed in hexane, 
and used ultrasound rather than the usual refluxing 
approach [23]. About 13 g of sized Adsorbosil was 
wet with 60 ml of dried hexane and then 0.28 g of 
distilled aminopropylsilane was added with a sy- 
ringe. The flask was placed in an ordinary laborato- 
ry ultrasonic cleaning bath and sonicated for 2 h at 
about 48°C. The resulting APSG was washed with 
hexane and methanol and cured in a vacuum oven 
at 85°C for 3 h. The 0.28 g of silane used would yield 
a lOO-,~~rnol g-l APSG if fully reacted. 

A solution of 80 ml of dried chloroform contain- 
ing 0.44 g of p-nitrobenzoyl chloride and 0.4 g of 
triethylamine was added to about 6.8 g of APSG. 
The mixture was sonicated for 14 h. The resulting 
NBSGI was washed with chloroform, methanol, 1 
A4 hydrochloric acid and methanol. The residual 
silanol sites on the NBSGI were end-capped using 
hydroxyl group-selective TMSI. About 80 ml of a 
5% (v/v) hexane solution of TMSI were mixed with 
the NBSGI and sonicated for 3 h. The capped 
NBSGI was washed with hexane, lz-propanol and 
methanol. 

The capped NBSGI was reacted a second time 
with p-nitrobenzoyl chloride to convert aminopro- 
pyl groups more completely to the amide. About 60 
ml of chloroform containing 0.9 g of the benzoyl 
chloride and 1 ml of triethylamine were added to 
about 6 g of the capped NBSGI and sonicated for 5 
h, then an additional 1 g of the acid chloride and 1 
ml of triethylamine were added and sonication was 
continued for another 10 h. This re-amidized 
NBSGI was washed with chloroform, methanol, 0.5 
M hydrochloric acid, water and methanol. Subse- 
quent reactions to yield QSGI were performed as 
described previously [ 15,18,22]. 

NBSGII was prepared from 5 g of sized Absorb- 
osil to which 60 ml of a hexane solution of 0.23 g of 
recrystallized nitrobenzamide-silane were added 
[21]. The mixture was sonicated for 4 h. The 
NBSGII was washed with hexane, acetone and 
methanol and cured in a vacuum oven at 90°C for 8 
h. The theoretical coverage of the silica by nitroben- 
zamide groups based on the above amounts is 130 
pm01 gg’. The NBSGII was capped as described 
above. Subsequent reactions to produce QSGII 
were performed as described previously [ 15,18,22]. 

Capacity determination 

Determination of nitrogen by elemental analysis 
of APSG, NBSG and QSG was performed by Des- 
ert Analytics (Tucson, AZ, USA). 

Batch extraction of copper(H) by APSG and 
QSG was performed as described previously [15- 
17,241, with copper determination by atomic ab- 
sorption spectrometry. 

The coverage of silica by aminopropyl groups 
was also determined by reaction with salicylalde- 
hyde to produce the silica-bound Schiff s base [8,9] 
with UV determination of unreacted reagent at 326 
nm. A I-2-fold measured excess of 1.0 . lo-* M 
salicylaldehyde in 100% ethanol was added to 0.1 g 
of APSG and the mixture was shaken for 30 min. 
The yellow Schiffs-base product was filtered off 
and the filtrate and ethanol washings were diluted 
to the range 1 . 10m44 . 10-4. The UV absorbance 
of this and of the original solution was measured 
and the amount of bound reagent determined by 
difference. The calibration line had a correlation 
coefficient of 0.9999 and a slope of 3.98 . 10e3 1 
mol-’ cm-’ (zero intercept). 

The capacity of QSG phases was also obtained by 
determining the amount of 8-quinolinol that re- 
mained after the coupling reaction with DSSG. A 
measured (l&2-fold excess) of a 2.0 . lo-* M 8- 
quinolinol solution in 95% ethanol was used for the 
coupling reaction. The QSG was filtered off and 
washed with ethanol. The combined filtrate and 
washings were diluted to the range 2.0 . 10p4- 
5 lop4 M for UV determination at 309 nm. The 
difference between the original and final 8-quinoli- 
no1 amounts gave a value for the QSG quinolinol 
coverage. The calibration line in the concentration 
range above had a correlation coefficient of 0.99999 
and a slope of 2.66 . lO-3 1 mol-l cm-’ (zero in- 
tercept). 
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RESULTS AND DISCUSSION 

The chromatographic behavior c’f QSG phases 
prepared from APSG differed from that prepared 
from NBSGII parent material in two separate stud- 
ies in this laboratory. Organic acids with pK, values 
of 3-5 were found by deBot et al. [20] to exhibit 
capacity factors 3-10 times larger on;APSG-derived 
QSGs than on NBSGII-derived phases of compara- 
ble 8-quinolinol coverage. Thompson and Jezorek 
[21] observed k’ values for chloride, bromide, per- 
chlorate and nitrate to be ten times larger on QSGI 
than on QSGII. These QSG phases had the same 
copper(I1) uptake capacity, again indicating com- 
parable 8-quinolinol coverage. 

The pH of the aqueous-organic mobile phases in 
these two studies ranged from 3 to 5, as measured in 
the mobile phase itself. Primary akplamines in ho- 
mogeneous solution exhibit pK,, values around 3-4, 
while the bound aminopropl groups of ASPG ap- 
pear to be weaker bases, with pK,, values around 
6-7 [24]. Nevertheless, any residual aminopropyl 
groups which did exist on the m&hod I-derived 
phases used in these two studies ‘were probably 
protonated under the mobile phase Iconditions em- 
ployed. 

In the present study, two QSG phases of similar 
8-quinolinol coverage were prepared, one by meth- 
od I and the other by method II, and chromato- 
graphic comparisons of these phases and of APSG, 
NBSGI and NBSGII were made. The APSG cov- 
erage was observed to be 100 pmol g-l by elemen- 
tal analysis and about 80 pmol g-l based on copper 
(II) extraction (assuming a 2:l copper to amino li- 
gand stoichiometry) [2426]. NBSGI (made from 
the above APSG) had an original caverage by ben- 
zamide groups of 50 pmol gg ‘, and labout 70 pmol 
g- ’ after the second amidization reaction, based on 
elemental nitrogen analysis. NBSGII (made directly 
with nitrobenzamide-silane) had a benzamide cov- 
erage of about 60 pmol gg ’ by elemental analysis. 
QSGI (APSG parent material) exhibited a quinoli- 
no1 coverage of 89 pmol gg ’ by elemental analysis, 
99 pmol g-i by UV determination of unreacted 8- 
quinolinol and 116 pmol g- ’ by co@per(II) extrac- 
tion (assuming a 2:l copper to 8-quinolinol stoi- 
chiometry [27]). QSGII (NBSGII parent material) 
exhibited a coverage of 51 ymol g- ’ by elemental 
analysis, 37 pmol by 8-quinolinol UV determina- 
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tion and 58 pmol g- ’ by copper(I1) extraction. Al- 
though it is very likely that high-capacity APSG 
may not react completely with p-nitrobenzoyl chlo- 
ride to give NBSG because of steric constraints, it is 
reasonable to consider that complete reaction of a 
low-capacity APSG would routinely occur. There- 
fore, we deliberately prepared a low-capacity APSG 
phase (ca. 100 pmol g- ‘) to see if, even then, resid- 
ual amino groups remained after the usual synthesis 
procedure. We used organic chromatographic ana- 
lytes that were neutral, basic and acidic, and metha- 
nol-aqueous acetate mobile phases from pH 4 to 6 
to observe the pH dependence of analyte retention. 

Various analytes were run on the 100 pmol gg ’ 
APSG (“amino”) column. Capacity factors for ani- 
line, benzoic acid and p-nitrobenzoic acid as a func- 
tion of pH are shown in Fig. 1. The difference in 
behavior of the two acids is probably due to their 
differing acidities. The aqueous pK, values of ben- 
zoic andp-nitrobenzoic acid are 4.2 and 3.6, respec- 
tively. Therefore, in the pH 4.2 mobile phase, most 

8 

6 

4 

k’ 

2 

-2 ’ 
Y 

PH 

Fig. 1. Capacity factor on the APSG column as a function of pH. 
Mobile phases: methanol-water-0.1 M acetate buffer (50:25:25); 
pH 3.4 acetate buffer yielded apparent mobile phase pH of 4.2, 
pH 4.0 buffer an apparent pH of 4.8 and pH 5.0 buffer an appar- 
ent pH of 5.8. 0 = p-Nitrobenzoic acid; 0 = benzoic acid; 
V = aniline. 
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of the p-nitrobenzoic acid is ionized and much or 
most of the benzoic is neutral. The anionic form of 
the p-nitrobenzoic acid interacts via an anion-ex- 
change mechanism with the protonated amino 
groups. The decrease in k' for p-nitrobenzoic and 
the absence of a k' increase for benzoic acid with a 
pH increase, even though it is more ionized at high- 
er pH, is due to a competitive anion-exchange 
process with acetate ions in the mobile phase. Based 
on the aqueous pKa value of acetic acid of  4.8, most 
of the acetate species are ionized at pH 5.8. At pH 
4.2 most are protonated and therefore neutral. The 
anion-exchange behavior of the p-nitrobenzoic acid 
and the acetate competition for exchange sites at 
higher pH were further illustrated by obtaining k' 
values of the two acids and the neutral phenol spe- 
cies, still at pH 5.8, but at a five-fold lower acetate 
concentration (0.0046 M) than was used for the da- 
ta in Fig. 1 (0.023 M). The expected lack of ionic 
strength dependence for phenol was indeed found, 
but k' for the two acids approximately doubled, 
from 3.3 to 7.9 for benzoic and from 3.1 to 7.5 for 
p-nitrobenzoic acid. Neutral species such as phenol 
or aniline and positively charged species such as the 
anilinium ion, which may exist at the lower pH val- 
ues employed here, clearly show little or no pH or 
ionic strength dependence, but the benzoic acid-p- 
nitrobenzoic acid pair is a sensitive indicator of 
anion-exchange interactions in the pH region used 
here. 

Similar tests for anion-exchange interactions 
were used with the NBSG phases. One column was 
packed with NBSGI. This material was made from 
the APSG discussed above using the usual threefold 
excess ofp-nitrobenzoyl chloride. A second column 
was filled with NBSGII which, of course, can con- 
tain no residual amino groups. Capacity factors on 
NBSGI for several analytes at three pH values are 
given in Table I; k' values for benzoic acid, p-nitro- 
benzoic acid and aniline are plotted versus pH in 
Fig. 2A. Similar data on the NBSGII column (ca. 
60 #mol g-1) also are given in Table I and in Fig. 
2B. The analytes exhibit typical reversed-phase be- 
havior on the NBSGII phase, that is, a small k' 
decrease for the acids due to increased ionic charac- 
ter and mobile phase solubility at the higher pH 
values. The anomalously high k' for p-nitrobenzoic 
acid on NBSGI indicates the presence of unreacted 
aminopropyl groups. This was confirmed by the 
same experiment as was used with the APSG phase, 
namely repeating the chromatography on both 
NBSG columns at pH 5.8, but in a mobile phase 
with a fivefold lower acetate concentration. No 
change in k' was observed for any analyte on the 
NBSGII column, but the two test acids exhibited 
larger k' values in the less ionic mobile phase on the 
NBSGI column; the benzoic acid k' changed from 
0.4 at the higher to 0.7 at the lower acetate concen- 
tration, while the p-nitrobenzoic k' changed from 
0.5 to 1.0. These results again indicate an anion- 

TABLE I 

R E T E N T I O N  OF SEVERAL A N A L Y T E S  ON NBSGI A N D  NBSGII IN T H R E E  MOBILE PHASES 

All mobile phases: methanol  water~0.1 M acetate buffer (50:25:25); pH 3.4 acetate buffer yielded an apparent mobile phase of  4.2, pH 
4.0 buffer an apparent  pH of  4.8 and pH 5.0 buffer an apparent pH of 5.8. 

Analyte Capacity factor, k '  

NBSGI" NBSGII 

pH 4.2 pH 4.8 pH 5.8 pH 4.2 pH 4.8 pH 5.8 

Aniline 0.20 0.33 0.40 0.73 0.60 0.67 
2-Chloroethylbenzene 1.87 1.80 1.87 5.13 5.27 5.20 
Naphthalene 2.07 2.07 2.13 5.40 5.53 5.53 
Phenol 0.47 0.47 0.47 0.93 0.93 1.00 
Benzoic acid 1.40 1.07 0.40 1.33 0.67 0.33 
p-Nitrobenzoic acid 4.67 1.87 0.47 0.93 0.53 0.20 

" Coverage by nitrobenzamide groups is about 50/~mol g 1 based on nitrogen determination; derived from APSG in Fig. 1. 



D. JI, J. R. JEZOREK 

c 

6 4 5 5 6 

PH 

Fig. 2. Capacity factor on the NBSG columns ,IS a function of pH. (A) NBSGI column; (B) NBSGII column; (C) NBSGI column after 
second amidization reaction. Mobile phases as in Fig. 1. 0 = p-Nitrobenzoic acid; 0 = benzoic acid; V = aniline. 

exchange interaction on NBSGI, the phase made lyte on NBSGII was found as a result of the de- 
from APSG parent material. crease in mobile phase acetate concentration. 

This conclusion was confirmed by some charac- 
terization studies on the packing materials them- 
selves, as discussed later, and by two other chro- 
matographic experiments. First, n&rate ion was 
used as an analyte on both NBSG !phases, exhib- 
iting a k’ of about + 0.5 on NBSGI but about - 0.4 
on NBSGII (possibly owing to an ion-exclusion 
mechanism causing elution before the solvent 
peak). The retention of nitrate also indicates an 
anion-exchange interaction on the NSSGI. Some of 
this phase was reacted a second time with p-nitro- 
benzoyl chloride, but with a tenfold instead of the 
threefold excess of acid chloride that has been used 
previously [16,18,22]. The results are shown in Fig. 
2C. The large decrease in k’ for p-nitrobenzoic acid 
clearly indicates that most of the nesidual amino 
groups were amidized in this second reaction. How- 
ever, the fact that benzoic acid still exhibited a k’ 
smaller than that of the stronger p-nitrobenzoic 
acid implies that some residual amino groups re- 
main. The more highly ionized acid is more soluble 
in the aqueous mobile phase, and should be less 
retained, as it is on NBSGII (Fig. 2B). A tenfold 
decrease in the acetate concentration in the mobile 
phase resulted in no k’ change at pH 4.8 for aniline, 
phenol or even benzoic acid; p-nitrobenzoic acid 
still exhibited an increase in k’ of about 0.4, indicat- 
ing again that some vestiges of anion-exchange be- 
havior remained even after re-amidization of the 
original NBSGI. Again, no k’ change for any ana- 

The capacity factors of all analytes were less than 
unity on both QSGI and QSGII, probably as a re- 
sult of partial loss of trimethylsilyl capping groups 
and their retentive capacity in the 2 A4 hydrochloric 
acid used in the diazotization reaction. Little or no 
pH dependence was observed for the several ana- 
lytes used, with the exception of the two test acids. 
Again, both benzoic and p-nitrobenzoic acid exhib- 
ited a decrease in k’ with increase in pH on both 
columns, as expected, owing to the solubility in- 
crease (Fig. 3). However, although the k’ values are 
small, that forp-nitrobenzoic is still larger than that 
of benzoic acid on QSGI, but k’ is smaller on 
QSGII, as reversed-phase behavior would predict. 
Again, residual aminopropyl groups are probably 
the cause of the opposite elution order of benzoic 
and p-nitrobenzoic acids on the two QSG phases. 

A control experiment was run to determine 
whether residual amino groups could in fact survive 
the harsh reaction conditions of the diazonium salt 
preparation and so remain on a QSG phase. It has 
been suggested that aliphatic amines can be diazo- 
tized, but that the product is not stable and decom- 
poses by losing a molecule of nitrogen [28]. Others 
claim that, below pH 3, reaction with nitrous acid 
does not occur [29]. We subjected a 60 pmol g-i 
APSG sample to the diazonium salt reaction (sodi- 
um nitrite in 2 M hydrochloric acid) and then added 
the product to an alcoholic 8-quinolinol solution. 

Columns were packed with both the original and 
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Fie. 3. Canacitv factor on the QSG columns as a function of PH. (A) QSGI column; (B) QSGII column. Mobile phases as in Fig. 1. 
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0 = p-nitrobenzoic acid; 0 =- benzoic acid; B = aniline. _ 

treated APSG and several chemical tests were also 
run on these materials. Capacity factors for several 
analytes are given in Table II. These indicate little 
or no loss of amino groups. Copper(H) and salicyl- 
aldehyde [8,9] uptake reactions and elemental anal- 
ysis also indicated that most of the amino groups 
remained. Copper uptake was 23 and 21 pmol g-i 
of APSG, salicylaldehyde uptake was 65 and 43 
pm01 g-’ and nitrogen elemental analysis results 
were 0.15% and 0.16% on the original and treated 
APSG, respectively. UV spectrophotometry of the 
S-quinolinol solution before and after the coupling 
reaction indicated that essentially no quinolinol li- 
gand was coupled; indeed, only a slight pinkish tint 
of the diazotized, S-quinolinol-treated APSG was 

observed, whereas the yellow silica-bound Schiff s 
base was evident on reaction of the treated APSG 
with salicylaldehyde. It appears that under these re- 
action conditions the aminopropyl groups do not 
form diazonium salts but do survive the diazotiza- 
tion reaction and remain on QSG phases. 

Because of the low capacity of the stationary 
phases used here, chemical tests to detect unreacted 
aminopropyl groups on the NBSG and, especially, 
QSG, were not conclusive. Elemental analysis for 
nitrogen gave values of 0.14, 0.21, 0.24 and 0.48 
%N for APSG, NBSGI, NBSGI after the second 
reaction with p-nitrobenzoyl chloride and QSGI, 
respectively. These results imply phase capacities of 
about 100, 50 and 70 pmol g-l of bonded groups 

TABLE II 

RETENTION DATA ON ORIGINAL AND TREATED APSG COMPARED WITH QSGI 

Mobile phase: methanol-water-O.1 A4 acetate buffer (pH 3.4) (50:25:25) (apparent pH 4.2). 

Analyte Capacity factor, k’ 

Original APSG Treated APSG QSGI 

Benzoic acid 3.2 2.5 0.28 
p-Nitrobenzoic acid 12.5 12.1 0.34 
Phenol 0.0 0.0 0.19 
Aniline 0.0 0.0 0.44 
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for APSG, NBSGI and the re-amidized NBSGI, in- 
dicating that 50 and 30 pmol g-r of NH2 groups 
remained on the two NBSGI materials. Chromato- 
graphic capacity factors of p-nitrobenzoic acid on 
the above three materials are about 8, 5 and 1, re- 
spectively, however, indicating that most of the 
amine groups have been amidized after the second 
reaction. The nitrogen determination has a stan- 
dard deviation of 0.02-0.05% absolute [30], and is 
clearly not very reliable for low-cxpacity phases 
such as these. 
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