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INTRODUCTION 

Few methods have been published for the analysis of trialkyl or triaryl phosphites. 
BERNHART AND RATTENBURY~ described an acid-alkali titration procedure for deter- 
mining mono-, di- and trialkyl phosphitcs in mixtures of these compounds, while a 
method for titrating trialkyl phosphites with a methanolic solution of iodine in the 
presence of pyridine has been described by THOMPSON~. With either method the reac- 
tion proceeds slowly with triaryl phosphites, while neither will differentiate between 
several trialkyl phosphites together in a mixture. In addition certain phosphites, 
such as tris-a-chloroethyl phosphite, lose chloride with alkali, leading to erroneous 
results if the acid-alkali titration procedure is used. 

Acid esters of phosphoric acid can be analysed by acid-alkali titration methods, 
which make use of the several end points of phosphoric acid and its esters, but if 
trialkyl phosphate is present this does not react, being neutral. Further, if esters of 
pyrophosphoric acid are present, as may often be the case, the results obtained by 
titration are difficult to interpret. Similarly, the z-chloroethyl esters lose chloride 
with alkali. 

Separation on paper of phosphoric acid esters, such as hexose monophosphates 
and adenosine triphosphate was described by HANES AND ISHERWOOD~, who used 
various mobile phases including alcohol-water-ammonia mixtures. Their method of 
revealing the spots was to spray the papers with an acid molybdate solution, and 
then to expose them to hydrogen sulphide gas. Since this paper was published there 
have been many papers dealing with the separation on paper of mixtures of phosphoric 
acid esters of biological importance. 

The separation of phosphoric acid, monobutyl phosphate and dibutyl phosphate 
has been reported by several workers. CERRAI, CESARANO AND GADDA* used a s- 
butanol-formic acid--water solvent, and revealed the spots by the HANES-ISHERWOOD~ 
method, or by spraying with bromophenol blue solution. HARDY AND SCARGILL~ 
employed “a ti-butanol-acetone-water-ammonia solvent mixture, and by spraying 
with a ferric iron solution followed by a sulphosslicylic acid solution, as recommended 
by WADEANDMORGANO, obtained colourless spots on a mauve background. SHVEDOV 

AN'D ROSYANOV~ used several mobile phases, including alcohol-water-ammonia mix- 
tures, and showed up the spots by the HANES-ISHERWOOD~ technique. 

PLAPP AND CASIDA~) have described the separation of certain mono- and dialkyl 
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phosphates derived from the breakdown of insecticides. They used isopropanol- 
water-ammonia mobile phases, and to reveal the spots they sprayed the papers 
with an acid molybdate solution and then exposed them to ultraviolet light, 
recommended by CRO\~TEER~_ 

as 

WEILIO employed a mobile phase containing n-butanol, water and ammonia 
separate mixtures of phosphonous, phosphonic and phospbinic acids and certain 
their esters, showing up the spots by spraying with a saturated alcoholic solution 
silver nitrate, or with a slightIy alkaline phenol red solution. 

to 
of 
of 

We have utilised paper chromatographic techniques to separate technical 
samples of a number of esters of phosphorous acid- These include tris-z-chloroethyl 
phosphite, octyl diphenyl phosphite, triallyl phosphite and trioctyl phosphite. 
Methods have also been developed for the separation of alkyl phosphate samples, 
which may contain mono-, di- or trialkyl-phosphates, as well as free phosphoric and 
pyrophosphoric acids and esters of pyrophosphoric acid. The separated components 
may be determined quantitatively by wet ashing the spots and determining the 
phosphorus, as suggested by HMES AXD ISHER~OOD~. 

Xeagends 
EXPERIXEXTAL 

All reagents were AnalaR or AR quality wherever possible. 

1. Statiovsary #ases 
20 yO v/v liquid paraffin in ether: Mix IO ml of liquid paraffin (sp. gr. o.86s-o.Sgo) 

with 40 ml of ether as required- 
Alkaline 20 yO v/v polyethylene glycol4oo in methanol: Mix IO ml of polyethyl- 

ene glycol400 with 35 ml of methanol and 5 ml of 0.5 1V ethanolic potassium hydroxide 
solution as required. 

Sodium carbonate solution : Mis 15 ml of I yO w/v aqueous sodium carbonate 
solution with 35 ml of methanol as required. 

2. Mobile fihases 

go/IO petrol-gz-butanol mixture: Xix go ml of ~oo~-xzo~ petroleum spirit with 
IO ml of n-butanol- 

So/20 petrol-chloroform mixture : Mix So ml of xoo”-x2oo petroleum spirit 
with 20 ml of chloroform. 

Nitromethane. 
z-Methoxyethanol: Redistilled. Boiling range 122~-124~. 
Methanol. 
qz-Propanol-water-ammonia mixture: Mix 7~ ml of +propa.nol with 30 ml of 

2 N aqueous ammonia. 
tt-Propanol-lt-butauol-water-ammonia mixture: Mix 50 ml of n-propanol, 

20 ml of +butauol and 30 ml of 2 X aqueous ammonia. 

3. Spray reageotis 

Alkaline potassium permanganate solution: Dissolve o.rg g potassium per- 
manganate and 0.1 g anhydrous sodium carbonate in IOO ml of water. 

Alkaline universal indicator solution: Dissolve 0.1 g anhydrous sodium carbonate 
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in I00 ml of Universal Indicator solution, as supplied by Btitisb iDrug lE%ouses,, IL;tbdi_.,, 
England. 

Ferric thiocyanate solution : Mix IO ml of Z.-S’% w/v betic :am.moniiuun sxudl@htie 
solution with 40 ml of 5 O/~ w/v ammonium thiocyanate ~solution., add 1 mU (off JV 
hydrochloric acid solution and dilute to IOO ml uith water.. 

Preparatiort of $a$evs 

Whatman No. 54 papers are usually employed, since t&y have good Rmcett stt~e~g&lln 
and rapid flow characteristics ; a z in. wide strip has byen found convetien&. VVlhere ;aum 
added stationary phase is necessary the paper is dipped in &he :appropti&e stta&~~~1~7 
phase solution, the solvent is dried off with an ‘air current and tie IpaIper iis m&edl zn~dl 
stored in an air tight vessel. In the case of the polyethylene !gqyco!l +oo an~dl. sodtiinnmm 
carbonate stationary phases a small dish of water is placed %GI ithe vessel, %so mo;Ginntiaiin 
a water saturated atmosphere. Where no added stationary phase is used itlbe ~pa.jpms 
are allowed to equilibrate in the chromatograpliic tank For z-3 !&I lbe6os;e use.. 

General clzrornatograj&ic fwocedwe 

Papers are cut from the prepared roll in lengths ,of :about x:S in.. to +w!hioh iis ;wll&edl ;a 
droplet of sample (about O.Z+I,O ,LJ) ; the descending techn&que iis nursed. Tilnte yiimmte 
taken for the solvent to flow’ varies considerably: with sodium cc&bon&e ~pw.ers iitt 
may be I-I+ h, while with paraffin papers it may be 7-8 b. When ithe tsio!l~euntt ll&mtt 
has travelled to within 2 in. of the lower.edge the paper is removed tiom ae &t;zmnlLr ;au~1~3 
the solvent is evaporated by a current of air. The spots :are revealed lby slpza@irtug 
the papers. 

Phosphites are revealed as yellow spots on a pink ibackgrourtd lby tie rinse (off 
alkaline perrnanganate : the background colour fades rapidly., :and tithe spotis mu& lb.e 
outlined as soon as possible. For acid phosphates -alkaline KJnivessaU lIa&&ca%or slbo~~s 
the spots distinctly and is quite sensitive.. The traces :are yellow on ia lbU~elga;aum 
background, fading slowly as the paper dries to red on :a ,ye!llow iba&grouu&l,. 

If trialkyl phosphates are suspected the paper should be sprayed w&t& &e &YDI%C 
thiocyanate solution, Trialkyl phosphates from ‘C, .upwards .&how as lb+hti IR& slpotts,, 
while acid phosphate esters give colourless spots ,on .a brown+&& lbadk~~& 
This reagent is not as sensitive as Universal Indicator to the :aci&c ~ompo~euntts.. 

Irtdividata 2 procedures 

I. Es,?ers of jhos@%orozcs acid. Samples of tris-z-chloroethyl phosphiiit~e or ltniis-z- 
chloropropyl phosphite may be separated on sodium carbonate papers titi (9o,@co 
petrol-n-butanol mixture as mobile phase. The sodium carbonate serves conlly tie 
maintain a mildly alkaline environment for the sample, which lis sen&zii~e tie z~Gdls.. L&s 
might be expected the moisture content of the paper ~affects ;t!he R!$ n~~.Uues,, ;2Mlrdl 
TnFle I gives typical values obtained with papers treated :as desctibed &oxTe.. 

Technical octyl diphenyl phosphite may contain .a vatie;ty (of ~&ezniicaJl cent&ties,, 
including trioctyl phosphite, dioctyl phenyl phosphite., octyil &@hen@l p!hos@ln.&e,, 
diphenyl phosphite, triphenyl phosphite and phenol. A compleite sepaztion calf ttlbese 
compounds can be achieved by the use of methanol ;as mobifle @base zuGl Iliiqtidl 
paraffin as stationary phase, while nitromethane will separate zi!l!l butt cdl& atmcdl ttnii- 
phenyl phosphite. The appropriate RF values are given ‘in Table III.. 
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TABLE I 

h!jz’ VALUES FOR ESTERS OF PHOSPHOROUS ACID 

~Sbdhm carbonate stationary phase, go/lo petrol-?z-butanol mobile phase) 

Tris-z-chloroethyl phosphite 
Bis-z-chlorocthyl phosphite 

0.95 
0.35 

Tris-2-chloropropyl phosphite 1.00 
Bis-2-chloropropyl phosphitc 0.73 

S&ue: -ttri&llkyli phosphates, such as trioctyl and trilauryl phosphites, can be sep- 
aruuitedl WI l&quid pa~&En~ pqets with z-methoxyethanol as mobile phase. The usual 
iinrmIpmmiittJa iirm these materi& is dialkyl phosphite, sometimes with traces of alkyl 
d_lQ&eruyll p&osplWeand phenyl dialkyl phosphite. The J?&’ values for these compounds 
wiillll a&o) lb12 f&ur&ll Err T&k, WI. 

ll??qe~s V&&I all&line, polyethylene glycol 400 as stationary phase will effect a 
-en of tec&eaJ t riallyl’ phosphite, as well as tris-z-chloroethyl phosphite and 
ttri&z-clh&~ropropy~ phospliite~ The alkali, which rapidly becomes carbonate, main- 
tGi~~~mniildlllyallkalme~ conditions. In this case the mobile phase is So/z0 petrol-chloro- 
f&.ua selhmti.n~,, and tiea E$’ values from typical samples are listed in Table III. 

TABLE II 

&F” VALUES FOR ESTERS OF PHOSPHOROUS ACID 

(Liquid paraffin stationary phase) 

Mobile plm.w 

Melkanol Nilromctliane 2.Mellroxy- 
ethanol 

0.07 0.03 0. x2 

0.20 0.12 0.40 
0.36 0.51 0.74 
0.65 0.92 0.96 
DNS’ DNS o.ss 
0.80 1.00 0.96 
0.03 0.00 0.03 
DNS DNS 0.55 
1.00 1.00 0.96 

- mss; = lDikll not sliow.. 

TABLE III 

~j$‘XiQIL~S; FOR ESTERS OF PHOSPHOROUS ACID AND ASSOCIATED IMPURITIES 

(pbl@dQdene, gl&coli BOO’ stationary phase, So/20 petrol-chloroform mobile phase) 

Ester Rp’ value 

Tki&lL~ll phosphite (CH, = CH l CH,O),P 
lDklllkll pliosphite, 
lkiiul~li phosphate 

(CH, = CH. CH,O) ,POH 
(CH, = CH* CH,O),PO 

Di&llyll phosphate (CH, = CH* CH,O),POOH 
Tki&z-chloroethyiyli phosphite (CICH,*CH,O),P 
IX&~-ebloroethyl! phosphite, (CICH,’ CH,O) ,POH 
TiG-z-cliloropropyU phosphite [CH,* CH(CI) - CH,O),P 
Bi&2:-cbloropcopyl phosphite [CH,. CH(CI) - CH,OJ ,POH 

0.97 
0.43 
0.67 
0.31 
0.56 
0.09 
0.93 
0.25 
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Il. Esters of j&os$horic acid. Technical samples of :a.ciid alU@@ln~~lln~~ & mmzxy 
contain monoalkyl orthophosphate and d.iaw1 ortibo$hoqpltna~~e WMU SHDE 4&z -o- 
phosphoric acid. In addition there may be Xree p~epilnxq@n~~c aciidl. and ens & 
pyrophosphoric acid. The possible componenn;ts o%, &or texzunnp%e,, z~c&ll ~TLU&@. ~&KS- 
phates are : 

orthophosphoric acid (I) 

monomethyl orthophosphate (3) 

monomethyl pyrophosphate (5) 

H”\pqo o Og,/O” 
MeO/ \OMe 

sy~z. dimethyl pyrophosphate (7) 

Further, trialkyl phosphate may contain ~&all@ phospha&e as +~u.nriity_ ‘XUne 63((~rmo- 
ponents of such samples can be separated very ~eEfG+xxt~~ nnsiing ‘What s lpag~~ 
with no prior treatment, apart from equilibration in &he ~lhroma&.qgrz!xp41& ta&,, aall 
70/30 s-propanol-z N aqueous ammonia rnixtur;e :as molbi!le @vase. TRnZs SCD~WEXI& xvas 
recommended by HOWE I1 for the separation ‘of ~organic aciids. 

The RF’ values of the components of various acid. ailkyll ~I~~@~~&tesaxuz gj~ 5~ 
Table IV. Those components which have been ident&e:d by 4%~ use of meff~~ CKD~~P 

TABLE IV 

RI;*’ VALUES FOR ESTERS ‘OF PEIOSPXilCDRUC ACtID 

(70/30 n-propanol-2 N aqueous ,ammotia ;as m~olbtie @ha+ 

Alkyl radiclc 

Methyl 
Ethyl 
Isopropyl 
n-Butyl 
n-Amy1 
?2-I-Icxyl 
Octyl 
Nonyl 
Lauryl 
2-Chlorocthyl 
2-~Iydroxyethyl 

0.22 0.65 
0.27 0.77 
0.33 o.S6 
0.48 0.94 
0.55 0.95 
0.62 o-95 
0.6s 0.95 
0.75 0.98 
0.79 o.*g8 
0.33 0.s4 
0.20 0.49 

z .,oo ‘O.JOiJ. W.XI WJOS” w-p, w*, we72 

1.00 ~0,lLS~ (047 

1.00 (02”hD. WAilI 
1 .,oo 
J .:oo co.nq+* w_ds,, w.= 
Il.00 

XI..‘00 

- 
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pounds are indicated. The identity of the other traces is conjectural, but they are 
probably esters of pyrophosphoric acid. Thus a sample of acid methyl pyrophosphate 
gave eight spots, which were considered to be as follows: 

0.04 pyrophosphoric acid (2) above 
0.0s monomethyl pyrophosphate (5) above 
0.13 orthophosphoric acid (I) above 
0.21 monomethyl orthophosphate (3) above 
031 dimethyl p_yrophosphate (sym.) (7) above 

o-42 dimethyl p_yrophosphate (asym.) (6) above * 

0.62 dimethyl orthophosphate (4) above 
o-72 trimethyl pyrophosphate (S) above 
As can be seen fromTable IV the trialkyl phosphates travel with the solvent front 

En all cases. A slightly better separation of trialkyl phosphate from dialkyl phosphate 
can be achieved by substituting50 : 20: 30 n-propanol-fin-butanol-2 N aqueous ammonia 
soh~tion as mobile phase. 

Quuntitative anadyses 

The spots which have been revealed by the spray reagent can be cut out and wet 
ashed,. using nitric, sulphuric and perchloric acids, and the phosphorus content deter- 
mined. This technique has been used on a routine basis for the analysis of phosphite 
and phosphate esters. 

The e_xperimental procedure is the same as has been described for the qualitative 
separations, except that in order to obtain enough phosphorus to permit reasonably 
accurate determinations the sample weight must be about 3-4 mg. Such an amount of 
sample cannot be applied as a single spot, and it is our practice to streak the sample 
on to the starting line, as evenly as possible, from a weighed glass capillary tube. 
The sample weight is then obtained simply by reweighing the capillary. A micro balance 
should be used for this purpose. 

Duplicate determinations normally agree to within & 3 Oh, but for complete 
recovery the sample must be substantially involatile. This is not the case with, for 
example, triallylphosphite or the lower trialkyl phosphites. Most of the phosphites and 
acid alI@ phosphates mentioned in the paper can be determined in this manner. 

SUMMARY 

Procedures are described for the separation on paper of the components of technical 
samples of alkyl and alkyl-aryl phosphites and of esters of phosphoric acid. Suitable 
stationary and mobile phases, as well as spray reagents, are noted, and typical &’ 
values are presented. The quantitative analysis of these esters, by wet ashing the 
spots and determining the phosphorus content, is briefly indicated. 
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