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SUMMARY

Influences of the components (acidic solvents: water, ammonia water, trichloro-
acetic acid, and acetic acid ; basic solvents: water and ammonia water) and pH values
of developing solvents on Ry values, the ratio of the thickness of the mobile phase
and the stationary phase, and free energy necessary to transport the structural units
of condensed phosphates from the stationary phase to the mobile phase were examin-

ed. They are greatly influenced by the water content and pH value. The influences of
the other components are slight.

INTRODUCTION

We reported in a previous paper?! that the relationships between Rps values
and the structural units (the middle PO, group, the end PO, group, and the single
[orthophosphate] PO, group) of condensed phosphates were obtained and that the
ratio of the thickness of the mobile phase to the stationary phase and the free energy
necessary to transport 1 mole of each structural unit from the stationary to the mobile
phase can be calculated by the use of these relationships.

Herein, we rewrite these relationships

for the metaphosphate ion consisting of # phosphorus atoms

Ry (m-metay = — log (Am/As) + mAumaaie/2.3RT ()
for the pyrophosphate ion

Rpr(pyroy = — log (Apm[As) + ZAMend/Z'SRT (2)
for the orthophosphate ion

Rar (orthoy = — log (Am/As) -+ Auortno/2.3RT (3)
for the polyphosphate ion consisting # phosphorus atoms

Rt (n-potyy = — log (Am/As) + 24uend’[2.3RT + (1 — 2)Apemiaare’/2.3RT (4)

where (Aar/As) is the ratio of the thickness of the mobile phase to the stationary
phase, and Agmiadie, Atend, Atortho, Aptmiadie’ and Auena’ are the free energy neces-
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sary to transport r mole of a middle group of metaphosphate, an end group of pyro-
phosphate, and the ortho group, middle and end groups of polyphosphate, respec-
tively.

In general, developing solvents used in paper chromatography (PC) and thin-
layer chromatography (TLC) of condensed phosphates are mixed solutions of some
alcohols and water. They are roughly divided into acidic and basic solvents, and
trichloroacetic acid, ammonia water, etc., are added to the mixed solutions.; Acidic
solvents are suitable for the separation of ortho- pyro-, and polyphosphates and basic
solvents are suitable for the separation of metaphosphates.

‘EBEL? described the influence of the water content in the acidic and basic
solvents on Ry values and the influence of the addition of a small quantity of am-
monia water to the acidic solvents on Ry values. THILO AND FELDMANN? described
those influences and the influence of pH values of the solvents on Ry values. In this
paper, we studied the influences of the water content and the other components and
pH values of the solvents on Ry values, Aa/As, Auumiddie, Aftena, and Aportno. We
did not examine the influences of Aumiadie’ and duend” because there seem to be
mutual interactions between the middle and end groups of the polyphosphates.

The following influences are examined in this paper. (a) acidic solvents: water
content, quantity of ammonia water, quantity of trichloroacetic acid, quantity of

TABLE I

DEVELOPING SOLVENTS

Solvent Ammonia Trichlovo- Acetic acid Walter Alcoholb pHe«

waler . acetic acid (glacial, ml) conteni®

(28%, ml)  (g) (%)
A1-30 0.25 5.0 1.0 30 ' ir 1.62
Ai1-40 0.25 5.0 1.0 40 iP 1.47
A1-50 0.25 5.0 1.0 50 iP ' I1.33
Az2-0.50 0.50 : 5.0 1.0 40 iP ' 1.67
Az2-0,75 0.75 - 5.0 ‘1.0 40 iP 1.82
Az2-1.00 1.00 5.0 1.0 40 ir 2.03
Az2-1.,25 1.25 5.0 1.0 40 iP 2.37
Az-1.50 1.50 . ' 5.0 1.0 40 iP 3.33
Aj-r . 0.25 1.0 1.0 40 iP 2.80
A3-3 0.25 3.0 1.0 40 iP 1.70
Ay-2 0.25 5.0 2.0 40 iP 1.50
A4-3 0.25 5.0 3.0 40 iP .47
Aj5-0.20 0.20 2.0 1.0 40 iP 1.89
As-1 1.0 2.0 1.0 40 iPr 5.59 -
As-2 2.0 2.0 1.0 40 iP 8.33
As5-4 4.0 2.0 1.0 40 iP : 9.20
Bi1-30 1,0 30 iP-iB —_ ’
Bi-40 1.0 40 ir-iB 11.39
Br-50 1.0 50 iP-iB —_
Ba-2 2.0 40 iP-iB 11.45
B2-4 . 4.0 , 40 iP-iB - 11.86

» Aqueous solutions (30, 40 or 50 ml) containing 3 components (acidic solvents) or
1 component (basic solvents) were diluted to roo ml with alcohols. ‘

biP == isopropyl alcohol; iP-iB = isopropyl-isobutyl alcohol (1:1).

¢ pH = reading of the pl—I meter (glass electrodec).
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acetic acid; (b) basic solvents: water content, quantity of ammonia water; and (c)
pPH values of solvents.

EXPERIMENTAL

Developing solvents

The compositions of developing solvents are shown in Table I. pH values are
also given.

Thin layers
In 60oml of water were suspended 15 g of Avicel (IFMC Corporation). Thin-layer
plates were prepared as usual (250 mu).

Samples of phosphates

A solution of mixed metaphosphates was prepared according to THILO AND
ScHULKE?. Solutions of sodium salts of ortho-, pyro-, tripoly-, trimeta-, tetrameta-53,
and hexameta-¢ phosphates were used as standards.

Procedure

After the solutions of the phosphates had been spotted, the thin-layer plate was
allowed to equilibrate with the vapour of the developing solvent for 2 h; the phos-
phates were then developed in a saturation chamber (ascending method). The temper-
ature was maintained at 5° in an air bath (Coolnics, Komatsu-Yamato). When the
solvent had travelled 10 cm from the application point of the phosphates, the plate
was taken out and dried in air. The phosphates were then hydrolysed with an aqueous

nitric acid solution (1:1) and visualised with aminonium molybdate and stannous
chloride? 8.

RESULTS AND DISCUSSION

Ry values obtained and Aar/As, Apumiaale, Attenda, and Auortno calculated are
listed in Table II.

Acidic solvents

Water content (Ar-30, Ax-40, and Az-50). The plots of Rp value vs. water
content, of Rys value vs. degree of condensation, and of Aa/As, duemiaate, Afena, and
Aportno vs. water content are shown in Tigs. 1, 2, and 3. In proportion as the water
content increases, the Rp value increases by a great margin. Ay /4 s increases by a
great margin, Auortno also increases, Agmiaale slightly decreases and Aueng is almost
constant. It is thought that the Ry value is greatly influenced by the water content
and that this depends on the great increase of Aas/As.

Quantztv of ammonia water (Ar1-40, Az2-0.50, A2-0.75, A2-1.00, A2-1.25, and
A2-r.50). The plots of Ry value vs. quantity of ammonia water, and of Ap/As,
Aumiadie, Apena, and Aportno vs. quantity of ammonia water are shown in Figs. 4
and 5. In proportion as the quantity of ammonia water increases, .the Ryp values of
pyro- and metaphosphates slightly decrease, but the Ry value of orthophosphate is
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Fig. 1. Plots of Rp vs. water content. O, O; %, Py; @, ITrM; A, TtM; A, PeM; 7, HexM.

TFig. 2. Plots of Rar vs. degree of condensation (m). O, 30%; A 49%: X, 50%.

almost identical. Apr/A s and Auortno are almost the same, but Aumiadie and Apena
seem to increase slightly. '

Quantity of trichlovoacetic acid and acelic acid (A3-1, A3-3, and AI1-40, and
Az-40, Ag-2, and A4-3). The plots of Ry value vs. quantity of trichloroacetic acid and
acetic acid, of Ay/As, Aumiadie; Aiend, and Auortno vs. quantity of trichloroacetic
acid and acetic acid are shown in Figs. 6, 7, 8, and 9. Even if the quantity of trichloro-
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FFig. 3. Pots of Aar/As, Aptmiadies Aitena, and Aptorno vs. water content. X, middle; A\, end;
O, ortho; @, Aar/As.

J. Chrvomatog., 54 (1971) 413-421



418 : T. IIDA, T. YAMABE

b e SRR
400 - X A
XX A& __a—TK
[~ v A//
10 € 200" a
E
=
08 Fo—9——g——0uu-0—-u0 .‘?- O
} g. X
[+]
0.6 —x\x\ - 200 _\o\o o
R, ] ——
s w\\X\\ °
0.4 "‘.\ X\X o
[ ]
6
Qz—b\\;-\§ﬁ\\.—_4___. :g I
L A,
v“‘~9-_i“%r—-A-—_A F 2-3-_'___.—_‘.““ﬂr——.
oL f*‘“%——’———!——— .
0.5 10 15 ! ! 1 1

]
0.5 10 15
NH4OH (m!1/100 mI)

Fig. 4. Plots of Rp vs. quantity of ammonia water. O, O; %, Py; ., TeM; A, TtM; &, PeM;
<V, HexM.

NH,4OH (m! /100 mI)

Fig. 5. Plots of Ayp/A s, A,ummmc. Aptena, and duorino vs. qu'mtxty of ammonia water. X, middle;
A end; O, ortho; @, Am/A

acetic acid and acetic acid is ché.nged, Rp, Ap/As, Apmiadie, Attena, and Auortno are
almost constant.

Basic solvenis (BI1-30, Br-40, and Br-50)

Water content ( Br-30, Bx-40, and B1-50). The plots of Ry value vs. water con-
tent, of Ry value vs. degree of condensation, and of Aar/4s, Aumiddie, Attend, and
Aportno vs. water content are shown in Figs. 10, 11, and 12. As in the case of the acidic
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Fig. 6. Plots of Rp vs. quantity of trxchloroa.cetxc acid, Q, 0; X, Py: @, 1IrM; A, TtM; m, PcM;
Y, HexM.

Fig. 7. Plots of Am/As, A/tmmme, A/tenu. and dpnrne vs. quantity of trichloroacectic acid.
%, middle; A, end; O, ortho; @, Aar/As.

Fig. 8. Plots of Rprp vs. quantity of acetic acid. O, O; X, Py; @, TrM; A, TtM; m, PeM; <7, HexM.
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Tig. 9. Plots of Aar/As, Apmiddie, Aptena, and Aporno vs. quantity of acctic acid. x, middle;
AN, end; O,ortho; @, Anm/Ads.

Tig. 10. Plots of Ry vs. water content. O, O; X, Py; @, TrM; A, TtM; W, PeM; 7, HexM.
Trig. 11. Plots of Ras vs. degree of condensation (m). O, 30%; A, 40%; X, 50%.

solvent, the Ry value increases by a great margin, in proportion to the increase of the
water content. Aas/A s increases by a great margin, but dgmiadie; dteena, and diiortno
decrease slightly.

Quantity of ammonia watcr ( Br-40, Bz-2, and B2-4). The plots of Ry value vs.
quantity of ammonia water, and of Ap/4 s, dumiadie, Attend, and Agortno vs. quantity
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Fig, 12, Plots of Am/As, Atemiadie, Aptena, and Apiormo vs. water content. x, middle; A, end;
‘O, ortho; @, Ap/As.

Fig. 13. Plots of Rp vs. quantity of ammonia water. O, O; x, Py: @, TrM: A, TtM: @, PcM:
V. HexM.
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of ammonia water are shown in Figs. 13 and 14. Even if the quantity of ammonia
water is changed, Ry, Ap/As, Aumiadie, Aiena, and Aportno are almost constant. This
is not the case with the acidic solvent.

pPH value of solvent (A5-0.20, A5-1, A5-2, and A5-4). The plots of Ry value vs.
pH of the developing solvent, and Aa/As, Aumiaaies Attend, Attortho vs. pH of the
developing solvent are shown in Figs. 15 and 16. When the pH of the developing
solvent is increased, the Ry values of ortho- and pyrophosphates decrease by a large
margin and the Ry of metaphosphates decreases slightly. Aay/As and dumiadie
decrease slightly, but Adgena and Auortno increase by a large margin. As shown in Fig.
5, even if the quantity of ammonia water is increased, Auena increases slightly and
Apeorino is almost constant as long as the pH change is not too large. Thus it is thought
that the increase of Agena and dgortno depends on the pH increase of the developing
solvent, not on the increase of the quantity of ammonia water. The dependence of the
Ry value of phosphates on the pH of the developing solvent is similar to that in the

case of paper chromatography of metal ions (ortho- and pyrophosphates—Cu?+, Ba2?+,
and Pb2+, metaphosphates—HgCl,)".
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