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SUMMARY

The scope of application of Thorin as a chromatographic indicator has been
investigated for various barium salts and has been found useful in column, paper and
thin-laver chromatography. A procedure based on the use of Thorin is described for
quantitative analysis in paper chromatography.

INTRODUCTION

A number of reports!— document the use of Thorin [1(O-Arsonophenylazo)-z2-
napthol-3,6-disulfonic acid disodium salt] in qualitative and quantitative analysis of
inorganic tons. \With one exception® where it is used in the direct titration of sulfate,
Thorin’s general use is in solution colorimetric determinations.

Herein we report on the use of Thorin as a surface adsorption indicator (pink)
for the title salts in spot tests, paper and column chromatography. The usefulness of
Thonn lies primarily in the fact that it does not chemically interact with the sub-
strate material and that once this material has been located, the indicator can be
removed from the substrate material by ‘“‘suitable washing’’. This aspect is especially
advantageous in small scale preparative column chromatography.

Another aspect that makes the indicator useful is in work with carbohydrate
ionic species that do not contain functional groups (i.e., aldehydic, vicinal hydroxides,
etc.) necessary for the usual chemical chromatographic indicators. Provided the ionic
species can be converted to the barium salt, one can use Thorin as the indicator. The
scope of application of Thorin is indicated below.

EXPERIMENTAL

Indicator solutior

Thorin was obtained from the Eastman Chemical Co. (stock no. 6748) and used
as received. The spray solution A was prepared by dissolving 25 mg of Thorin in 100 ml
of aqueous Fisher “gram-Pac’ buffer, pH 4, obtained from the Fisher Scientific Co.
The spray solution B contained 25 mg of Thorin in 100 ml of distilled water.

* To whom inquiries should be addressed, Chemistry Department, Laurentian University
Sudbury, Ontarie, Canada.
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Paper chromatography

(1) Barium methyl «-D-glucopyranoside-2-sulfate (BMGS-2) was spotted on
Whatman No. 1 paper to give spots of equal area containing 5, 10, 20, 40, 8o, and
100 ug of BMGS-2 per spot. The developing solution in the descending chromato-
graphy of these spots was a mixture of ethyl acetate-acetic acid—water (6:3:2).
The chromatogram was developed at room temperature for 38 cm after which it was
oven-dried at 40° until the odor of acetic acid was no longer evident. The chromato-
gram was then sprayed with Thorin solution B until the paper was moist. It was
dried once more at 40°. (2) Three chromatograms with 5, o, 20, and 40 ug per spot
of BMGS-2 were developed as in section x. Each was sprayed with a Thorin solution
of different concentration. The three solutions contained 25,50, and 75 mg Thorin
per 100 ml of distilled water. (3) Two chromatograms with 10, 20, 30, 40, 50, 60, and
70 ug per spot of BMGS-2 were developed. One was sprayed with Thorin solution A,
the other with Thorin solution B. One other chromatogram spotted with barium
methyl-a-D-glucopyranoside-6-sulfate (BMGS-6) was developed as in section 1 and
sprayed with Thorin solution A.

Qudntitation of sugar sulfate in paper chromatograply
The UV and visible spectra of Thorin in water were obtained (Figs. 1 and 2).

Plots of absorbance vs. concentration for these regions are shown in Figs.
3 and 4.
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Fig. 1. UV spectrum of Thorin in water at a concentration of 1 X 10~% M; Apax, = 2300 A. In-
strument Cary 14. o
Fig. 2. Visible spectrum of Thorin in water at a concentration of 1 X 10~% M; Amax. = 4720 A.

Instrument Cary 14.
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Fig. 3. Beer's law plot for Thorin in water-UV region, The lower detection limit is ~ 10-% A7,

Fig. 4. Beer’s law plot for Thorin in water-visible region. The lower detection limit is ~ 10-8 Af,
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TFig. 5. Plot of absorbance of Thorin dissolved from BMGS-2 spot vs. the amount of BMGS-2 known
to be present in the spot.

The 10, 20, and 8o ug spots mentioned in section 1 were cut out and placed in
5-ml volumetric flasks which were brought to volume with distilled water. The Thorin
on the paper dissolved readily. The UV spectrum of each solution was obtained on
a Cary 14. From each spectrum the absorbance at 2300 A was obtained and plotted
vs. the known amount of BMGS-2 spotted (Fig. 5).

All of the chromatographed spots of section 3 had their areas measured by
tracing them onto millimeter graph paper and counting the squares. The spots on the
Whatman paper were then cut out and placed into a 5-ml volumetric flask into which
distilled water was added to volume. The UV absorbance at 2300 A was determined

for each solution and plotted against sugar (ug) per spot (Fig. 6) as well as vs. spot
area (Fig. 7).

J. Chromatogr., 63 (1971) 357363



]
=\
Q

3

§
A

ABSORBANCE
o]
D
\.\

Amount pg of Sugar

Spot
s 031
(@)
=
<
2 02r
(¢4
O
by ]
2 ot

i 1 i ] 1 ]
10 20 30 <40 50 60

§03' |2-:\!| .
®
=<
D o2- ./
§ o'/
g 0 /o/
e *

10 20 30 40 SO 60 7
Amount ug of Sugar
Spot

30 20 30 40 50 60 70

Amount ug of Sugar

Spot

W. M. PASIKA, A, C. WEST 111

Fig. 6. Plots of absorbance of Thorin dissolved from sugar sulfate]spots vs. the g amount of sugar
sulfate per spot: 6—4, BMGS-6, Thorin solution A; 2-N, BMGS-2, Thorin solution B; 2—4,BMGS-2,

Thorin solution A.
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Fig. 7. Plots of absorbance of Thorin dissolved from sugar sulfate spots vs. the areas of the sugar
sulfate spots: 6-4, BMGS-6, Thorin solution A; 2-N, BMGS-2, Thorin solution B; 2-4, BMGS-2,

Thorin solution A.
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From the Thorin (solution A) sprayed paper from which the 10, 20, 30, 40, and
50 ug BMGS-6 areas were cut, areas identical in size were obtained to serve as blanlks.
The UV absorbance of these blanks was compared to the UV absorbance of the Thorin
from the sugar spots. The data are presented in Table 1.

TABLE I

UV ABSORPTION OF THORIN DISSOLVED FROM BMGS-6 (pH = 4) SPOTS AND FROM BLANKS OF
EQUAL AREA SIZE

BMGS-6 per spot 10 Nug 20 ug 30 ug S0 gig 50 ug
BMGS-6 absorption 0.17 0,22 0.38 .42 .31
Blank absorption 0.22 0.31 0.30 @.41 .43
Difference ‘ —o0.05 —0.09 - 0.08 oo ——o.08
Average of Difference -+0,03

Standard Deviation o = 8.1 X 10~2

Colummn chvomatography

A small column (~ 10 cc) was packed with a cellulose slurry (ethyl acetate—
acetic acid~water (6:3:2)) and washed with the same solvent system. 300 ul of
5 X 10-%* M Thorin solution were applied to the top of the column with a Hamilton
microliter syringe and eluted with the above solvent system. The effiluent was collected
in a 25-ml volumetric flask. After 25 ml were collected a comparison solution comn-
taining 500 ul of 5 X 10-¢ M Thorin in 25 ml of the above solvent was prepared. The
absorbance at 2300 A for both solutions was obtained.

Spot tests '

Varying amounts (0.2 to 40 ug per spot) of BMGS-6 were spotted on \WWhatmamn
No. 1 paper and sprayed with Thorin solution B. Barium dextran sulfate, barimm
carboxymethyl dextran, and barium nucleic acid were also spotted. Dextran sulfate
(degree of substitution (DS) = 0.56) and carboxymethyl dextran (DS = ©0.88), were
converted to the barium salt with the aid of an ion-exchange resin. Calf Thymus
DNA was precipitated from solutions by the addition of BaCl, and washed several
times to remove free Ba2+. No limits were determined.

Cation—anion independent migration

Ba(OAc),;, BaCl,, and BMGS-6 were spotted on Whatman Neo. 1 paper and
developed for 30 cm with the ethyl acetate—~acetic acid-water system (6:3:2). After
drying the paper was sprayed with Thorin solution A. Rp values were obtained for
the three compounds.

A synthetic mixture of the barium salts of methyl-z-D-glucopyranoside-(-
sulfate and 2,6-disulfate with methyl-a-D-glucopyranoside was spotted on silica gel G
plates with and without calcium sulfate binder. One set (with and without CaSQy) -
of plates was developed with ethyl alcohol-water (go:10) and another set with
ethyl acetate—acetic acid—-water (60:30:20).

Barium benzoic acid was thin-layer chromatographed with ethvl acetate-acetic
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acid-water (60:30:20). After drying the plate was scanned with UV radiation and
the benzoic acid spot located; the plate was sprayed with Thorin solution A.

DISCUSSION

The lower limit of detection of BMGS-2 in paper chromatography with the
ethyl acetate—acetic acid-water system was 10 ug per spot.

The higher the concentration of Thorin in the spray solution, the more difficult
it is to rigidly define the boundaries of the pink spot that indicates the presence of
the barium compound. We decided on 25 mg of Thorin per 100 ml of H;O. One
could get by using less, thereby increasing the contrast between spot and background.

- It appeared to us that better contrast between spot and background was ob-
tained when the Thorin spray solution was made up in distilled water and had a
PH near to 7.

For spot tests, the limit of detection was 0.2 mg BMGS-6 per spot. Spots of
the macromolecular compounds gave the characteristic pink color when sprayed
with the Thorin solution.

Ry values for the Ba(OAc), BaCl, and BMGS-2 were 0.66, 0.40, and 0.53,
respectively. In the case of the thin-layer chromatography of the synthetic mixture
sugar sulfate and glucose, the Thorin detected spots were coincidental with acid-
charred spots of the sugar sulfates. The UV detected spot of barium benzoic acid was
coincidental with the Thorin detected spot. All of the above observations indicate
that the barium cations do not migrate independently of the anion and that the pink
spot on the chromatogram indicates compound and not Ba?+ exclusively.

It was reasoned that the amount of Thorin defining a spot is directly propor-
tional to the amount of substrate making up the spot. This should follow from the
fact that the area of a developed chromatographic spot is proportional to the amount
of material spotted. Initially the Thorin-substrate proportionality was substantiated
by the data of Fig. 5, where the UV absorbance of Thorin dissolved from 10, 20, and
80 mg spots is plotted vs. the ug amount of BMGS-2. This relationship was further
substantiated with the chromatograms of section 3 (Fig. 6). Fig. 7 shows plots of
the absorbance of Thorin vs. the area of the developed spots. Both Fig. 6 and Fig. 7
indicate the validity of the above reasomng by virtue of the direct linearity they
exhibit.

In the case of an assay, known amounts of the compound along with the un-
known amount could be paper chromatographed and from a Fig. 5-type plot for the
known and the Thorin absorbance for the spot with the unknown concentration, the
concentration of the unknown can be ascertained.

To check whether (a) the sprayed Thorin was caused to interact with the sub-
strate of the spot some time during the processing, (b) the substrate prevents any
amount of Thorin from dissolving from the spot in the preparation for UV analysis,
(c) there is any significant interaction between the spot dissolved Thorin and the
sugar sulfate, and (d) the paper penetration of the Thorin spray is identical through
the substrate area as for areas of paper not containing sugar sulfate, blanks of Thorin
were subtrated from the Thorin absorbance obtained for a sugar spot. The blanks
were cut from the same chromatograms from which the sugar spots were obtained.
The results represented in Table I indicate that phenomena (a), (b), and (c) do not
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take place, amd the one described im (d) deoes. The residual 0.03 absorbance arises
becaunse of the difficulty in cotting exact areas..

A Jeast squares treatment was applied to the data of Figs. 6 and 7. Statistical
treatmment?® of the data im Table I and the graphs of Figs. © and 7 were carried out.
The stamdiard deviatiom on the differemces of Table: 1 is: 8.08 X 1o-2 Standard devia-
tioms on the slopes and intercepts of the data im Fig, 6 are as: follows: run 6-4, om =
I.4T X 0~ and ap = 3.57 X 10~%; rum 2-N, om = 3.9% X 10~¢ and op = r.79 X
T0~2; Tum 2-4,, @m = 374 ¥ T0o~? and oy = 1.69 x 10-%; while for the data in Fig. 7,
we hawve rum G-4, m = 1.35 X 10~%? and oy, = 7.72 X 10-%; run 2-N, oy = 1.85 X
10~ amd @ow = I.34 X I0~%; mum 2-y, om = $.52 X 10-% and o = 8.07 X 104

More than g3 % of the Thorin is recowerable: from the cellulose column with
a 235-ml wash. The absorbance at 4720 A of the comparison solution was 0.100 and
that of the effluent > o.0g53.

A muicre colmmm filled with Whatmam chromatographic ashless: cellulose powder
was prepaned. 250 gz of the mixture of momo-(BMGS-6) and disulfate (Ba2?+2,6-
disulfate-z-Me-D-glucose) were added to the top of the colummn with a microliter
syrimge and then carefully developed witlh ethyl alcolhol~acetic acid—water (So:1:19)
50 as mot to disturlb the bedl. A few drops of the Thorin solution were introduced at
the top of the colmmm and moved dowm the columm with the same solvent system.
As the Thorim moved dogmn the colmmm, its presence gave: the column a very faint
yellowish color. When the Thorim canght wp with the barium sugar sulfate the ab-
soribed band became a bright pink, very easily discermable visually. In the absence of
the sugar salt the cellulose had a yellowisin color. With continued elution the Thorin
passed the barimm sulfate band. The Thorim elutes faster tham the sulfate and hence
cam be added periodically durimg the course of fractiomation to track a particular
fractiom and yet mot contamimate the columm of the fraction on it.
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