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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 Rp 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 paper1 that the relationships between RM 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 I 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 m phosphorus atoms 
RM (m-mote) = - 1% (k&k) + n@rnidc11&.3RT (I) 

for the pyrophosphate ion 
R~((pyro) = - log (AM/&) + 2&,&.3= (4 

for the orthophosphate ion 
R&r tortho) = - 1% (AM/A 23) -k dportl~ol2~3RT (3) 

for the] polyphosphate ion consisting n phosphorus atoms 
RM (n-_pOlY) = - log (A M/As) + 2d,Uend’/2.3RT -k (1% - z)d/Jmicidlc’/2<3RT (4) 

where (AM/AS) is the ratio of ‘the thickness of the mobile phase to the stationary 
phase, and d,uUm~ddlc, d,&nd, Aportho, Apm,ddle’ and A,uend’ are the free energy neces- 
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sary to transport I mole of ‘a middle group of metaphosphate, an end group of pyro- 
phosphate, and the ortho group, middle and end groups of polyphosphate, respec- 
t ively. 

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.j&idic 
solvents are suitable for the separation of ortho-, pyro-, and polyphosphates and basic 
solvents are suitable for the separation of metaphosphates. 

,EBEL2' described the influence of the water content in the acidic and basic 
solvents on Xp values and the influence of the addition of a small quantity of am- 
monia water to the acidic solvents on Xp values. THILO AND FELDMANN~ described 
those influences and the influence of pH values of the solvents on Xp values. In this 
paper, we studied the influences of the water content and the other components and 
pH values of the solvents on Rp values, AM/AS, d,umiddle, dpend, and dpOrthO. We 
did not examine the influences of dprniddre’ and dpuend’ 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 

TABLE1 

DBVELOPING SOLVENTS 

Solvent 

AI-30 
AI-40 
AI-50 
Az-0.50 
A2-0.75 
Az-1 .oo 

Az-I .25 
Az-I ;50 
Ag-I 
A3-3 
A4-2 
A4-3 
A5-0.20 

A5-I A5-2 
A5-4 
B1-30 

B1-40 
BI-50 

Bz-2 
Bz-4 

Ammonia Trichloro- Acetic acid Watev A IcolroP pr!P 
water 
(28%, &Z) 

acetic acid (glacial, ml) conlenta 
(g) (%I 

--.-_ -__-..- _--_~__+---- 

0.25 1.0 30 iP 1.62 
0.25 ;:: I.0 40 iP I.47 
0.25 

;:: 
1.0 50 il? I.33 

0.50 1.0 40 iP 1.67 
0.75 

;:: 
1.0 40 il? 1.32 

1.00 1.0 40 iP 2.03 
1.25 

g:: 
1.0 40 il? 2.37 

1.50 ? 1.0 40 iP 3.33 
0.25 1.0 1.0 40 il? 2.80 
0.25 

;:: 
1.0 40 iP 1.70 

0.25 2.0 40 iP 1.50 
0.25 5.0 3.0 40 iP I.47 
0.20 2.0 1.0 40 iP I.39 

1.0 2,o ,I.0 40 iP 2.0 2.0 1.0 40 iP Ki 
4.0 2.0 1.0 40 iP &o 

. 1.0 30 iP-iB - 
1.0 40 iP-iB II.39 
1.0 50 iP-il3 - 
2.0 40 iP-iB II.45 
4.0 40 iP-iB II.86 

0 Aqueous solutions (30, 40 or 50 ml) containing 3 components (acidic solvents) or 
I component (basic solvents) were diluted to IOO ml with alcohols. 

u iP = isopropyl alcohol ; iP-iB = isopropyl-isobutyl alcohol (I : I). 
OPH = reading of the pH meter (glass electrode). 
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acetic acid; (b) basic solvents: water content, quantity of ammonia water ; and (c) 
pH values of solvents. 

EXPERIMENTAL 

Dcvl?lo~ing solvents 
The compositions of developing solvents are shown in Table I. pH values are 

also given. 

In 60ml of water were suspended 15 
plates were prepared as usual (250 mp). 

Samfdes of jHaos$hates 

g of Avicel (FMC Corporation), Thin-layer 

A solution of mixed metaphosphates was prepared according to THILO AND 
SCHULXE*. Solutions of sodium salts of ortho-, pyro-, tripoly-, trimeta-, tetrameta-5, 
and llexameta-O 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 z 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 IO 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 (I :I) and visualised with ammonium molybdate and stannous 
chloride7+. 

RESULTS AND DISCUSSION 

RIP values obtained and &+h, A,emm, Apond, and A,hXtho calculated are 
listed in Table II. 

Acidic sohents 
Water content (AI-30, Ar-40, and AI-50). The plots of RF value vs. water 

content, of RM value vs. degree of condensation, and of AM/AS, d,ullmidcue, dpcrldr and 
d,uortho vs. water content are shown in l%gs. I, 2, and 3. In proportion as the water 
content increases, the Rp value increases by a great margin. AM/AS increases by a 
great margin, d&)rtho also increases, d,uCCmiddIc slightly decreases and d,ucrld is almost 
constant. It is thought that the RF value is greatly influenced by the water content 
and that this depends on the great increase of AM/AS. 

Quantity of ammonia water (AI-40, Az-0.50, Az-0.75, Az-1.00, A2-1.25, a& 
A2-1.50). The plots of RF value vs. quantity of ammonia water, and of AM/AS, 

~,‘hnfddla, +md, and d,&rtho vs. quantity of ammonia water are shown in Figs. 4 
and 5. In proportion as the quantity of ammonia water increases, .the XI,- values of 
pyro- and metaphosphatee slightly decrease, but the RIP value of orthophosphate is 
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0 
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2 

0 
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‘. & / AX 

A AX 

X/ 
x’% 

X' 
I___.._l_-I 
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m 

Fig. I. Plots of Rp us. water content. 0, 0 ; x , Py ; 0). TrlM; A, TtM; n , PcM ;. v, HexM. 

Fig. 2. Plots of RM vs. degree of condensation (nz). 0, 30% ; A, 40:/o ; X , 50%. 

almost identical. AM/AS and dpOrthO are almost the same, but dprnfddle and ApOnd 
seem to increase slightly. 

Quantity of triclaloroacetic acid and acetic acid (A3-1, A3-3, and AI-40, and 
AI-40, A.+2, and A4-3). The plots of Rp value r/s. quantity of trichloroacetic acid and 
acetic acid, of &x/As, ~~~Icw~~ dpend, and d,uortho VS. quantity of trichloroacetic 
acid and acetic acid are shown in Figs. 6,7, 8, and CJ, Even if the quantity of trichloro- 

0 

1 .y” 
- 200 

0 / 

-400 

H20 ( %) 

Fig. 3. Wats of Anf/As, d,u,,,tu~~, A/A,,,,,, ant1 ~poFt~,o VS. water content. x , middle; A, end; 
0, ortho; 0, AM/A~. 
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RF 

0.8 

t 

o-o--_ o-o-0-0 
/ 

0.6 

0.5 1.0 1,5 

NH40H (ml /IO0 ml 1 
NH40H (ml/l00 ml) 

Fig. 4. Plots of Rp VS. quantity of ammonia water. 0, 0; x, Py ; 0. TrM; A, TtM; a. PeM; 
~7, HexM. 

Fig. 5. Plots of AM/As, dpm~rl~~, dpclld , 
A, end; 0, ortho; 0, AM/AS. 

and dporrl,o VS. quantity of ammonia water. x , middle; 

acetic acid and acetic acid is changed, Rp, Ahg/As, ApCCmicidlc, dpu,ncl, and d,UOrthO are 
almost constant. 

Basic s&en& (BI-30, Br-40, and 
(BI-30, Br-40, and Br-JO). The plots bf RI;. value vs. water con- 

tent, of RM value vs. degree of condensation, and of AM/AS, dpmlddlcr dp,,d, and 
dpOrthO vs. water content are shown in Figs. IO, xx, and 12. As in the case of the acidic 
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I I O 1 

I I 
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Trichloroacetic acid (g/100 ml) Trichloroacetic acid (g/lOOml) Trichloroacetic acid (ml/lOOtr 

Fig. 6. Plots of RF VS. quantity of trichloroacetic acid. 0, 0; x , Py : 0, TrM; A, TtM ; n , PcM; 
V, HcxM. 

Fig. 7. Plots of AM/AS, Aprnldtilc, Apcnd, and ,4pnrrtln VS. qn.nr-tity of trichloroacctic acid. 
x , middle; A, end; 0, ortho; 0, AM/AS. 

‘Fig. 8. Plots of Rp vs. quantity of acetic kid. 0, 0; x , Py; 0, TrM; A, TtM; I, PeM; V, HcxM. 
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Big. g. Plots of AM/A S, dp,,,ic~tl~o, ApcnC,, and dportt10 vs. quantity of acetic acicl. x , miclclle; 
A, cncl; 0, ortho; 0, AM/AS. 

Fig. IO. Plots of RI.’ vs. wntcr content. 0, 0; x, Py; 0, TriV; A, TtM; I, PcM; v, I-IexM. 

Pig. II. Plots of R&g vs. clegpzc of condensation (wz), 0, 30% ; &., 40 y0 ; X , 50 %. 

solvent, the XBT value increases by a great margin, in proportion to the increase of the 
water content. An,/As increases by a great margin, but dprniddle, Apond, and d{k,rtho 
decrease slightly. 

Quantity of ammo&n zvater (Br-40, Bz-2, awl 82-4). The plots of RF value VS. 
quantity of ammonia water, and of AM/AS, L!,umidtllo, dpcnd, and n[Cortho vs. quantity 

1600 

1400 

1200 

z 1000 

5 
E 

> 800 
0 
Y 

d” 600 

400 

2oc 

C 

I - 

) - 

)- 

0 

\ 
l 

0 

A 0 4 A A 

. 1, 

1: 

- 11 

-I 

, 

1 . 
-k---- 

I -.I_ 
40 50 

i-l20 (%I 

4 

1.0 
2 

0 s 0.8 

3 * 
0.6 

6 RF 

0.4 

4 

0 ( 

0-0 l 

A-A A 

=-I n 

g+QwE 

’ x\*_ K 

II 
1 2 4 

NCl,Ot-I (ml/100ml) 
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Q, ortho; 0, AM/AS. 

Fig, 13, Plots of Xp vs. quantity of nmnlonia water. 0, 0; x , Py ; 0, TrM ; @,, TtM; I, PclM; 
v, I-IcxM. 
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Fig. 14. Plots of A MIA i, Lipmiddle, Apond, and Ap 
A, end; 0, ortho; 0, AM/AS. 

ortho us. quantity of ammonia water. x , midcllc: 
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Fig. 15. Plots of RF VS. pH of solvent. 0, 0; x, Py; 0, TrM; A, TtM; I, PcM; v, HcxM. 

Fig. 16 Plots of AM/A 
0, ortho; 0, Ant/As. 

s, d,umiddlc, Apcnd. and Aport.ho vs. pH of solvent. x , middle; A, cncl; 
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of ammonia water arc shown in Figs. 13 and 14. Even if the quantity of ammonia 
water is changed, &‘p, kl M/A S, Lipmiddle, d,&nd, and d,&)rtho are almost constant. This 
is not the case with the acidic solvent. 

+H vale of sohmat (As-0.20, A5-I, A5-2, and A5-4). The plots of Rr;l value vs. 
pH of the developing solvent, and AM/AS, d,Umlddle, d,ulcnd, d,uortho vs. pH of the 
developing solvent are shown in Figs. 15 and IG. When the pH of the developing 
solvent is increased, the Rp values of ortho- and pyrophosphates decrease by a large 
margin and the Rp of metaphosphates decreases slightly. AM/AS and d,uLlmiddlc 
decrease slightly, but Apend and d,Clortho increase by a large margin. As shown in Fig. 
5, even if the quantity of ammonia water is increased, d,ucnd increases slightly and 
d,!&rtho is almost constant as long as the pH change is not too large. Thus it is thought 
that the increase of A,ucena and d,&rtho depends on the pH increase of the developing 
solvent, not on the increase of the quantity of ammonia water. The dependence of the 
Rp 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-Cu2+, Ba2+, 
and Pb2+, metaphosphates-HgC12)0. 
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