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") 

It'J.QI."rt:m.~ Rediation Lal.:!Oratoryt,:;, and I):martmc~n'c of Ch-'2nrJ.str.:;t t~ Uni ve:r.::d.ty 

., ---··· 

(2) The 'l'VOrk d~~~cribt'ld in this paper W/.18 spom>orer~ in J,)Ci.rt by the u. s~ 
At,xuc Inergy GomnU..s::.~icne 

,- .... ~-.,. .. 

tics of tl-,..\.~ l"e<itctior.ls of th~; ~wto:r-;::; with exc,?;~s i'i£.tt..;:c and etilljJ1ol have bc~on 
.,., 

meauured. by r::J~IiUl:.i of p..~.~. nom6r. ~m1J. I.J spectro~~copy. Upon th~ add5..t1on of 

eq,uilibrlum compC!.Sition. 

Th:L.s .latter reacticn 



..... 
·.'reactive BOlW.:nta Will differ .1..'"1 th.1ir capabilities Of producing: 

the dehydl~at:Lng polymerJ.9..ation re~::.tct'lon. · ·Thus, one may expect 

that VC'::"J different prodtJ.cts might .reault f'l:"'m v~r:r small (.ttffer~ 
,··: 

ences 1."1 re:--tction conditions. 

·!· . 

;\· . 

.:.i 
.. ,.,..-.' 

··:· .. · ·' .... 

. A connlde:ra.ble cont:~."'wr•sy existr; about tl1e pr<.;;par<:'tt:ton of poJ.ynucl~ot:l.d~£ts 

by n;eeu11:1 of' the ;:so-called eth:;l m~:!taiJ!'loESphate, 3~7 a cti!'npound 1.·rh.ici1 i8 obtnim1d " 

.·· 8-10 
by refluxingtpl:ioophorus pentoxidr~ Nith diethyl eth0~r~ 1.b clarify tl11G 

(3) 

(4) 

(6) 

(7) 

(9) 

m .... !'f. :-..... 

'· 

B. P. Gottich and o. L 

F. · N. Hayes and L~. Hf::nsbu.ry 0 .J.. Am. 

lt~.30 (1964). 

(10) G •. H~khardt.ll·l'1:. P .. !Uein and f~l. C~dv:i.nn .r. Ii:n~ Cb.em. Soc. 11 $7 ~ 591 (196~)). 

turned out to oo a nrixtu..re of r.tnr:~ and e!''lBJ.n tetrapolyphm1phat~;t,., tr1erc ·obtained and 

the· l"'esults publlshfid ear1:1er~10 Por the pr•£Jparat1(;i1 of polynncle-oticles fro;-;1 
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poun&; nuch a.'? •,-rater tll'lfl. ethanol in doil>irable but, UJ1fortunately, is so far · 

lacking. 

It 1Jla5 lmoHn only that the final products of the hydrolyt'lh1 and athc:.t.nolysi5 

are all the three ethyl estGrs of orthophos.phoric acid a.11d orthopho:;;phor:!.o acid 

it:~olf". B,ll.,l2 So.met:U~ms en~ters of the pyrophosphoric acid rJcre found. S,.ll 

of the .. mtr.ture or tetra:rJolyphosphate c~stcr::t that the estert) caa:11.Jr add one mole 

',...,. t > 13 
~"·' W.:i GX'. 

acid \';ere discovered. 

(12) R. P,atz and E. Thilo; J\nn., 572, 173 (1951). 

(.13) H. PolJ..·:mmn and G. Schr-ill"l.Z:n, Bioclliru. B:top!1Jfh .Acta,.~ 1 (19611). 
. . 

(lll) vl. Wtekor> H.-P. ~·Jalter and E.. Th.tlo. Ber.; 21• 2385 (1964). 

However; the courz,3 of the t··oact.ion and th<:: na.ture or atl,Y other intem~Zdlatct::. 

v.fSl"€1 qt.tite unclear. . •rne resolution of this pr'Oblem ahould be po;Jsible by rnerm.ti 

of phosphorus n.m.r. rrea::;u:rements ao f'~rst B.J?Pl1ed to the study of the hyd:r'OJ.:;n:i1.s. 

and ethanol_vsl$ of .the. ''ethyl inet:aphosphate" by i•!e:~ill, Klein and Calvln. 15 In the 

t:!xperiments d'Slscrlbed in the. present pap~r th!'3 .ldne-tics or the reactton of' the 

tutra;mJ..vptlosphatG'l' e3ter-a 'i'd.th a.n 'exco!lls of water 01~ ethanol e:nd th .. o: rt~(Wtion 

~·lith spoc.if:tc a.~u."lts of wat.er or etharl.ol as t-tell a .. ~ with d:lethyl hy<'irop;tm phos ... 
' • ' I 

phate l~ere 1nver.>tioated by means of 31P. Md 1H n._rn.~: • !,R. and rr.olecultir v.<eig·)1t 

• measurements • 

In our sa!'f1l)les or tatrapol.yph?sphate enteri'S ·three diffe,rent p~Z!tiks am gel1er­

a11y obBerved in the 311.' n.m.r. sp@ctra.in the presence of w~lter or eth~nol, 'J:nr:.w 

belong to the middle bonded (Pm) 1 the te:mJ.nal bcndcd (Pt) and the sil"lfr~,le or 

ortl1ophosph&tt1 phot!!.phor"t.W (P 0); 16 (se~~ Chart 1). · Detectable w.10unts of br•mch~"d 
bonded pho:..t.phorus '(?b) Nere found only :tn th(!! absencG of. ~1.ater or 0thnnoL Hhcm 



. ,, 

'.!.!:,.~ , _ _, ____ , ..... _ ... _. ~' ............. ____ .,_ . 

:':11 
a sa."Jli>lq pf tctra.oolyphosphate euters .ah(J','J''it1.R a ..J r: t1.m •. r. npoctrum of 20.5% Pt;~ 

74. 3;g }~~~ ;f11d. ~.:2~·-r .... · '~(ma:~eriru D)17 ~as all~~~ed to react vr.tth :.:m ~':'\X(!Eil~f$ of VJF.t.ter 
?:.~~ ~~ 

(16) .T. R •. V;m w:szer, C. F~ Callis; J. N • .-Sbooler;r ond H.; C. ,JQnfJB 11 ~T. Am. Ghc~m. 
Soc., 1fl~ 5715. (1956) • 

(17) Varit">us in:t t.ial in.ixture~{ of tmtrapolyphosr:)ht'l.te e:'iterJ 
of' tt-1~~ 31p n.m.r, peaJts <:U"'e desig]".().ted in T"J.ble II ~u-;; 
rAt~i~ ·:t.o ~~ 2' D. 6'9· A~ p nMd ll o~ n ~~~ o~t,w 4~ a. . v . ,(:; .::;.i,) • • ,~ ~:.t, .• "'"' i m~ ...... • ,. • .fli .·rb t:,..d<:: '"" >!::!~. ...., . ., 

accordin.£5 to reference ( lO) • 

I 

h-;aving -:;speci.t"ic X"(1tio8 
f\ 11 1:} 9 or D. If "ct1e 
called mutorial g 

react1.on an CE1..'1 be s~~{:m . from P'1f.~ .. 2 :mrl 

Table I. 

I 

etbanot, e::o:cept the.t ethanol :;;e0nr<2 to r-.;;twt a l.tttle faster. .A f!'IJ."...t..:u .. ':'t?. of t.etr·a-

polyphor.n:~hate est~:ra with another cornposltion of cyclo (I!)~ ir:~ocyclo(UI) ~nd 

lino~u:- tetrapolyphosphate esters (IV) D "•'h.tch 1.s tr.td:tca.ted. by itu d.lffcr0nt 3lp 

n.rn.r. apectnm1 (nnterial .B)17Al and al~~o a 'mi.A.'turc of bicyclo (I), cyclo and in~ 

. cycle> tetl""a.polypho,~pl'lat~ esters (rt0.terial. A) 17 reacts vdth r;oth water and et11anol 

in the satne manner aa rn.~.lterial 0 (':t'able II)~ but diffe~l1CO!$ in the rate c<..m be 

when the tt~trapolyphosphate estero were refluxcd wit}) excess t'fater fer a period 

as ohort as 0.5 i1..r. 

T.:1e · compm;1..tion of mixtures of totrapolyphQsph~!te ester-.:1 ,.;a,s calculated .trv0m 

their 31P n. rn. r.. Gpc~C:tra as described }:lroViOt.U:>ly. 
10 -From that work, rr.ateria,l D 

, . '(I; 

coneista or 20.8% .115ocycloill 48.6% cyqlo (together, 69.4% cyclic ester;~) a11d 

30.6% linear tetrapolyphosphate esters. ·For the deatructicn of tbc 'cyclic struc­

tures, one rr£>le watei· for eacb 1nole cyclic ~ster ~ihould be nocefma.ry and the~ 
' . . ':>1 

r'$sult:tng linear tetrapolyp1iosph:s.t~ e;~te:r s11ould shO'tl a J P h;.rn.r.. speotx·um of · 

50# P ~~a ~~~ p 
I~ t (.t.U ..;V.iiJ ~ m·• Based on the composition giv~n above~ i.f 69 .. 4% of om~ equiv.n.-

• 



·-=. 

F,atio o.r 3lp n.rn.r. !J!'lak...S of r;;wnples obtat'1€!d by hyctn-,~rsia or alccbolysic 

of fl rrJ.xture of t.etrapho-sphato e;,)tcrs (material D)17 &t !'<X'.An ten1J)~;ratur':J! 

after a lcnf; reaction t.t:.!J{1. 

T:trnr~, Hydrolysis J.Ucobolysis ,. 

bett.~S (10 g e;:lt·~r + 20 g ·water; (10 ft.. esto!' + 51.1 $~ ethanol; .. mole ester • 48 moles ;,~ater) 1 mole 0atr~r : l!8 p,~10lGG C?tl•·c·no1 ) .J. • 'II .d:..V. ........ 

p ~t p p P ... P,., 0 m ·o '!, 
~., 

' 
! 

10 30.6% 1:"6 50! _; • It> 1.2~9% 32.ll% ~lJ. 31'; 3 ?'!! 
0 ,)•''' 

15 32.0% 57.0% 11 .. Qj~ 3Fl 2'ii ,.Je I 
61 ~~rr • v~-t.' 

.... 

20 ?'.) 71 .;)1 • '!} ;55.3% 8.{)/~ 38.8% 61.2',(, ... 

24 ~2.4% 50.6% 7~0% 40.'7% ~9 3~ ), • I? -
36 147.0% 40 (;!~,· ..... o"' 3.2~§ 4!! 3'1' . /) 5S.7% 
/•0 1U 51~.8% 45.2% .... 45.1% ')ll. 9% 

60 59·5?~ 40.5~~ 146.6% Ci3 II~ ~ • j.} -
72 63e2% 36.8% -· 47.8% 52.2% 



1Y.iBLE; II 

P-:c1.tio of' 3lp nom.r •. r:x~a.ks of s.aiT.iJ.iles obtH.incd f'r'om th~ r .. .::.i.1.ct5.on of' d1f'fe:r>ent mr~tGr.b3.b of tet;r•avhospl'late 

':.;;'" ~st~rs witl1 ·an excess of water (a) or ethimol (b) at room tetnperature (3 g e5ter + 6 w.l solvent) .. 

a) 
. :, ... ~-. -· .. ,._:-· . · .. : 
,':• ,o::' 

~ )l;lo'l • .. .-~ • .-.... ... ii- ~-:· "'"'"'~ . ~· .. · 

::: 

·.0* hr .. ·- . -r:-· 5l1 77.6% i· •.. :.J .... · {II 

.0 ... 25 br. ,:: lJ:-6% 43.9%. st sr'/ .• i, , hr. ll "(''" lt8 7>!". :...- 11'{ ... __ .,...Jp 
r •. • _J, j'}~. p 

l:j -q_ 77 ,-q 10.0% ...... 20-.5% 7j, 3" ··5.2% . ..... ~;¢ • ,);.> ~.-· r~ 

6. 7%· 50.1% 43.8:'& 7 ?"' 56~9~~ 35.9% -· .;, .. ~ ... 
13.3%· ~)1.0% 35·o·7·:~ - 16o1%. SJ~o8% 29 .. 1~. -

~:-

;.::: 
-~ 

16.9% 

5 hr ... 22.0% 53 3'-~ 21.1 rrt ... ,.v 4_". ·" 
10 ··hr'. 27.6% 52:.-B% 19~6% 

..;.. 23.5:t ::::3 .,~ '"'3 3'~ ")7 -;-d ·s645X 16·.2% ., 

..I • E.-_.!.:1 c;.. 0·. ,0 - c. 0 j;;. -
20.2% 5]L.l~ 17 .. 7% - 32 •. 6~~ 55 . .2'J 12 .. 2% .--

.'24 . hr .. "'7 ,..,4 T.:""(\ 't"~nf .· 12.1~ j .C:"/) ·, ')v .. il~ ")7 -r;c! 'q ~1, 11~2% 39.4% < ....... 3':1. 1 .. 3% /•: 

.;; •JP .:;)-:- .. J_!~ - )j- ·"' ·-~: 
.. 

. _.,.-

• . ... 

-.~ .. 

I I 
C7\ .. , ~b) 

f":iJ Lse 
Po 

o~ hr-. - 5.5% tl.6% 16.9:t. ·-· 12.5:Z 1"1 5"' • iJ 10.0% 21)-5% 7h 3'!! ,. ;}J 
-;.; ?'~ 

...:;/ 0 '""-t~ 

0.25 hr. '8.9% 54.4% 36.7% -8o3%'. -55o9% J" .... , - )oO~~ 

1 .br~ 18.9% 61.3%" . 19.·8~~ .... 20.6;~. 57 .. 5t 21.9% 
... 6.~0%. .56.;).% 37 .. 5% 

15.1% 61.6% 23o3% ....,.. '_.',:. 

5 hr. 31.9~ 
.(!'), {)$ 
()lJ. '.]p 7 3q! . ,~ - 3li .1%. 58 .. 6% 7.3% 29 .. 0ff 62.8% 8.2% -._....,.._ 

·10 hr. 36.5% (' 6% 5u.·:. 4.9% - ~(' ,..,,~· 
..,·)· •jp ;:-g 0'" )! • -·/) 

- ~'"";€ :J. (1; 3'"' ('0' -t: • "'.~P . 62.1\;~ ~~7% ,_ 

24 . !:1!'. lrQ 1;; ! ..... ·• f • 50.9% ·- - 53.2/; 1,:6.i3:~ - ·- Li6.2% 53.8% -· ._ 

="~-.. ~~ ., ~ 

r} 'J.11e valttes c.t.t tr1e tine zero v1ere obtained from th·::; tet:r-~-:;ho:::;p!-H~te este~' d1s5olved in chloroforrn 

•,,,-ttt.-.rJnt .,.~,~,.. ...... ('') ";'"' ,.,t~l-~'""' 1 ('o· ) .,.-~,,..., ·-i.l.'\. • .._ d--""~'J. CJ.,.. \.,j.i, , ~ .#. ~ttJ.V-.1.. 4-

rc. • c 

~~ .. ..-: ... .. .. 



• 

'·.· 

i 

• 

J' ·~·' ;, ... ; .. .:, .. 1: '·• ], .. -'-·l-·' ,, . :. ·..: ·.: ~~· ',. ·.; 

-7-

r-hos.n, ... h.".'!"'.J.s n ..•. t:> .• · ....... ·SD~tctrum "rith 49 Q% F r:.o l'Z P .,. ... d a t""'rc~ of P ( substr:mco ""' "" ""·" ,. ·.•.·• ·ttt., ~ .... ·:rn• """' . ,,,..,_ ··o 

V). When tl~? equivalont amount of ethanol t-·nts u~1ed.; 4 7 o 7% 1' t $ 51. 3% ?m, and 

1.0% 1?0 (eubr~trance VI) Naa found. 

A .calaulat:ton sbol"'1:~ tht:tt for the prepar."','ltion cfl a tr.:lpolyptlm~phate eat,~r · 

( 66.1% l't .;.u1d 33.3% Pm) frorn the mixtur~ of cycl:lc tJ;.'1d lirJ~<:n" tet:r•n.pol:yp!lotJph:a.t'C': 

estero, 4/3 mole· \•iater per mole cyclic (5'St(~!'t} and 1/3 mole 1:7&ter r,'ler JJ:cle li.tlfl:ft!" 

69. 4% of 4/3 oqui valent~J ~.tnd 30. 67~ or l/3 oqut valent::~ of 1,:~ator 

spect!"' • .trn shoHcd 62 .. 5 P+- 11 34. 8~~ P .,,., ·<U1d 2. 7% P ( subst~ance VJ:II) • 
... •.•• 0 

'' 
;300ctrum cho.qed 73. '-'.~{ P 13 4% P · &.'rld J.3 .l;? P ( snhr~tru1ce X) • · -" ··,t' · • · rri'·· ·. 9 . ., 

adc1ed to 

F , and m 

If; finally, the. t~um of 69.4% of 4 equivalents ai·1d 30.6:~ of 3 equJ.valentn 

' ' ' 

polyphm~phate est<~r~ to orthopho~~pht:tt!il 11 t}:K~· values t?,;iven in 'J'nble III '40!"C 

obta.1neu ... 

It is exvectBd · tl)at' linear and cyclic polyph.osphatc esters ·..rill dif.ff:'n~ :Ln 

·their spec~:r,al propt:!ztie:cs. especially in the inf'rared rt~B1.on. Aocordil'lf} to 

Craroor and Hettiel"~18 cyclic polyphoophatc ester$. poa£H~GS a.n :rn ab:'Jorpticn band . 

at 1330 cm1 not observet\ in ~tn~nu:> ester-a. 1?ollrn~:'t.rm ~..nd Sch:r:a:ml3 p~ib1:t~.1b.!~d 
,_ 

(l8) li'. 
• • u ~ lal , •• 



.•. ~•-~·•··!,,.,)•,•,.,,. I J,{j_f~lJ>il-1•>1<·"·'··• ••'-•"•'·•·•~.~· .... , .... ,,t,·,.~·"•-•• 

very slmilat' .to thm.m publ!~:'lhed by Poll<'i'll-:u·m and 

1330 (1310) cm~1 .i,'l~a..q I:'!ot nu.fficimrtly Ch?..:r'e:cter'13tic ·to ct.U"'t:tr:.0.-:uish clearly 

2ll hr. at 20() 

0.5 hl?. at 75° 

1..5 l1z·. 7 0 at 5 

~ h:t•. at 75° ·"" 

F 0 

59•3% 

61•9% 

62a4% 
~t' · .. ,. .•• ),. 31;; 

TAJ3LE II:t 

110.7% 

38.1;~ 

?7 1"£" .J ·~))b 

3':! 7e' .) • ·*' 

Et.henol · 

1'3 8'~" ~ • f?: 56.2% 

53.8% 116. ,,~ 
· • "-Iii 

6).5% 34e:J% 

78~o2jj 21. 8j~ 

. -..1 . . . 
em , caw~cd by I)-()-P and P-0-G vii:iratlona, could be :r'i~r:\olved j11to t.h.':'Ge r:;trnng. 

· ba..-·1ds wh;i,.ch occur c.t 940, 1005.; and 10110 cm-l (3:i11.g• 3) •. 'J'hc be.nd a.t lQO~i mrt1 

. 1.s found in tl1e ~J:nccti'a of ;:;J.l.l .';)· ol!1phor,;phat~.· et~tern r .. 'i""er)a. rsd. b'r h''"'til1'" ? '"} v Jl "- • ,, • 4 •• ~ • .;.~,. r,j . 4" 10 

"'l'l f,h -~"'·•"" ... tl-. .. ,.,,1· ~t-.'nl!1'-"' (~". ·=-·.t"''r:t· .• ~" ~~ ." t(" : •. -:) •1 7 JT1t · b · _,,~ t 940 d. 1011 0 -l ' · y _ v. ~- • ._, <;; .. _ ... """' "' <:U- 1'\. ,. • • ..:~.1e anun n. • ar. . \ •t • c:ru , no~<t:vcr, · 

do not appear in the spectra of m.:1terUW.s A. ~illd B, but FJ_;)pear in those of m:1ter:tals 

D ar.d 13: Hnd ·increase . from D to B.o If a sm,~ll e.~.,T.cu:n.t of \•ro.t~~r or E'ttt:w.nol ( 0. 75 . 

equivalent) is a'1<.led to rrBtoriD~ B;, tl'l.~ b~md ;:;.t 1005: em -l dt?!creases; :tt di!!1P.0.lP·~ars, 

1 

. -' 

•. ·· ... ·· 

•• 



• 

• 

• .( • .: . j : • . ,_ 'i f_; 1 •. " • !,. '.1 \.' .. I :.o. , .~ .! 1 • ! 

e·xcept for o. small should.crp if 1 equiwJ.lent or> more of.' w~tter (Hthn.nol) lr~ addr.:d 

(subnt$nce V to X). Sirmil.ta:neour;.ly ~ the bantJ. at 1040 cm-1 , ~tnd to a S1TI;).ll .ex­

tent that at 9Jt0 em ...;l, increa~)Cf.S. Th0 addition of 0. 75 ~qui vr.1lent of h'ater or 

thC1' Ett'ktttion of 1 equivaletJ.t or m.:>re should cornplt.:tel:t destro:;t tht.:: cycltc str:;c-

tures~ slnce they are e:<pected to be tho .r?ost scnsit.ive ones as:,!l1.nst C:J1 &ttacl·: or 
a nucleoph:U.:tc s:ubstanc~ (see l' n.m.r .. 1~sults em~ rv~ferenc() [10]). 

In the spectru1T1 of t.rictbyl o::-thopl'i.Oi:-1phE.~te t\·to stronJt bandn are observ-:~d., 

cm.,.z. at 1040 and another at 980 cn:t1 • 'fbc l)a.nd at 940 crn-1 has corupletely dl:snp-

1!.'l1ese resultfs shoi'T that cyclic .w·1ct lin~:t3X' polypho~Jphate estcr.;s can bG 

d.i::.>tinguJ.ohed by tl":tJ>lr lH spectra in th;! 1100 to 900 cr:t1 rec-;1on if' tbe n~lm~)lc;~ 

are very d:tlute. Cyclic ,e:Jter~ ~>how ;:1 charact"'n·•ir::tic absorption at 1005 cm-1 11 

4 . --1 ... ~ J 1 Unet>.r estern at 10 '0 em ; e~na. a less charaoter;ist1c featut'l~ at 9·40 cr.r • 
0 

'l"he u. v. npectra Stl<Yded no special fenture.s dr..wm tc 2400 A. 
? 

·The prep~.:tratir,;n of natural polynucleotid()S from nucleotidcs has been clab .. cd...l 

. . 4·7 
but could not be rer)roduced. · 

11\"o reaction c~:mters ati ~~1o. nucleot:i.d~ l'11o~ocul3 
. • >- ' 

)' 

pbr1te lf;'OUP t;~nd the hydroxyl g:r•ot.tps of the su.r;ar. 1Lio .f:T.nd cut v;nich is fav<::>.rori;~~ 

it; should b0 known, ·if' the mi . .xtures of tetrapc.1lyphosphate. esters or ru:-t:Y of the:l.r 

esters. 1'hcr~.fore •. d:tetbyl hydrogen c;rthr.:>phosphate \!las mixed ~dth cyclic and 
•' I • 

of tl1e initial IU21ter:1.als W£1.$ <;letermined. Thr.: X'<J.tio C1f the pc,ab; Of tbt".! rrr5..xt~tU:~':'S 

obtalned from equirrol<.~l~ amounts of therll can b&. e,az11y calculated kW t!'1e ,3:r:l.t.h-
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ox"' the Juixtur-es~ .it can 'be concluded that a re~ction occu:r.:T~d.;" A~J a cyc1:lc cr>tBr~ 
·. ' ' ' 

and of' 1rt1xtur~s (1) to (3) t'>htnv a strong ab.oorptlon at 1oo:s crn-1, typic~'tl of' 

cyclic compotmds (aeo above) ; :t t h.'iZ disappeared in nrtxture (10 • 

(72 hr). 

~r'h~; r~irnult<ll..'"laou::: pl"''ocnce of' P 0 and ?.b pea..trc \'lilfJ never obr>el''Ved in t.~')le:;; 

of ttethyl nv1tapho~:;p1"1ate" dh~i50lirod 1n polychlo;r>J.n,:.ted hyd:rocar·bonn. l·kw;cv(:tr, 

when rr~terlal r}-7 was heated fer 5 l1r at 157° t~ ~il'l'l0thyl formamidc~ for exa.rnple, .· 

"" "'h6 Ct....,u·m "".4th ( '1· ,,. P · · 6· 8 ° 1~~ 0 2~ .,~ P "'nc·, ·2 /").~~ · P ·"'::i"' i • ""'·~"d · '"fl' .• n4.~:, o, ~'.'.'c ;.. i •'/ .. !. " [),. 1.~ · b' ef.J"' ~-!i'l' . .:..•<;.;'\; ti ""· ). . .'• •.'Jl> · ,Q ·~ ... "'" O•)f>G;.. vr.:: • ~ • ..1 -· 

;nay indicate that r~orga.tlj.zat.ion processes occur 'in h1;ghl::t pola.:t" l3olvcnt:3 at. ,:ih 

• 

• 

.. 



• 

• 

• 
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TPBI£ ri 

Hatlo o.r 31P n.m.r~ pf;1aks of l'!'.i:x.ttn""J?t-3 of c:,rclie and linear polyplJ.ospbato 2.nd 

--~--~--------~------~~----~--------~·---·~~------------~------------~---

zur,sta,"::o~ V' (lim~!1r tetra­
. pol;;TphoGpl'lates) 

substaneo VIII (ltne~r 
t ...,1 >10lvr' hcv;>·~<h r~·l• tc>·,·~ ). "'.-J .. ~.. J i"h"' ..:1.>, .Jr'lo"'f~lt.IJ"•,... v 

I 

p 
0, 

t·race 

2.7% 

13.1% 

12 •. 5% 

49 • .9:~ 

G2-5% 

73-5% 

Co:roonents n.rn.r. c:D.culatcd (:~) · 

(1) B + V 

(2) B +VIII 

{3) B '+ X 

( I!·) r:~, ( C n· ) 1.1 Pf"t 
"' ""' + · 2°5 2''''"4 

(5) Y + (C
2
H

5
)ltP04 

: f ·, 

( {!,) 'r-rii +. (C IL) JTP·O 
.)J '>IJ. 2 ., 2 .... ' 4 

1~3 

50.0 

51 • .3 

p· : . .~... 
\; 

31.2 

37.5 

43.0 

25.0 

~31.3' 

s.o 
5~0 

5.0 

3B.7 

~7 ,~~'rt 
( '".):c 

:so.l% 

3 1~.8% 

13. l4% 

trace 

trac~ 

trac~ 

p 
• b 

.J.O.O% 

--

40.8 

tra.ce 37.9 

8.8 64.5' 

14.6 6,9.2 

p 
Pi 4:Lt 

····m 

62.1 

26 .• 7 

16.2 

........... 

~~. 0 

2.6 

... 
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If solutions in forrna..tirl.de, dirretrwl ~mlfmdde, acetone~ ethyl .formate 11 

ethyl orthoform~1te~ ·or:: tetra1'1ydr•o furan·: .•. · o·re heated for 5 hr (the· :f'.trst tlvo 

solvent::> at 90°, the other·~ at reflux te~npero.turr:~) .:~~ the phosphorus spect~~a ::.;l1~1'N" 

Sif)1if'ictmt changes 1 the pb disappCH4""'S; tllt:1 1? m penlc decreQ:.'(IC3 ~ the P t pea.i<: 
. - ' .ll.... . . . 

j,ncrea.'3es ~ and so1r;etimes P 0 is !o1..~1d.• Hlth the exception of clim.;thyl sulf<?Xide• 

sirrilar chan~s 111ere obtained if the oolut10!1s stood at room ten~':lerature for.· 

72 P.r. Ho\c~ever, the charw~es iri the J)h.ouphoruq n.rn.r. spectrun1 in diroothyl sul-
. ''(" : 

.foxide solution at room tem.;>eratur·s l·m·re ner:;li.gible. A reactio.t'l also takes 

acetic· anhydride. Sp.c~atra shmd.J.1G ent1:t'Cly dif'!'erent <.:tbsorptlon~:; thon those of 

. pure nnterlal D artse. Absor.;>tions occur' at +12, +25; +28, and +36 p.6p.m. Jn 
I 

pyridine and at +0.5 .(only ln a.cetic ac:id)ll +10~ +16~> +19~ +26, +33£; +39 p.p.rn. 
. -

.in acetic ac:td · and acetic t>.ll!Wdride .. 

I·•rom the remllts described ~l.boVE' D : .. ttv~~ following conclu.sion..'l rn.ay be drtlwn: 

sens1t1.ve towexd a nucleo.philic attacl< by h'ater or· etha:1ol. Both solvents 

react with the esters . .1 ... "1 the sa.'Tle · v:.!.Cln.ner.. \•Jhen a.,n exc,mo of water or ethnnol 

13 W.~ed, the ph otr•uctural .. unit <li~appears. tiUdd1Dnly~ t}J~ amount Of the 1'171 Unit 
. . . ' ;. 

drops sharply, and. the amount of theL- Pt unit 11.1creases . (:l,n the fi:t:'St. 0.25 hr of 

the reaction; r:;ee I"ig.'3 •· 1' . and 2 ~ . and To.blr~s · I and II) • This Jneans the rinQ: 
._,;: 

structures I, II and :III 'are· V(~cy sensitive a~cl wet-e .. op.~ned '\':\. firr.t by tbe attac1~ 
' ' ' . ' 

... of Hater or ethanol to. form ,.li."le~ tctrapolyphor>p.hate 

. da.~~e 1dth r~su~tf:l of \1~111~ ~\lein and· Calvizh l5 . Th~l 
. ; 

eat~r·; wliich iz in ace or--·· 

further ;re,'iJotlon of tl"ie 

linear ester with watez.· and ethanol .occurs, at a lower rate, g;tvinr; m1 :bcrca3iJ?g , 
.·:. . ' 

. wnount of orthophosphate» w~·.~e~·eas the :amount of the. P m structural un:i. t d.ecr<Z-:asen 

and the Pt peak stays nearly constant (in the fil"•st 10 hr under th(~ condition~~ 

r;r.tven in Fig. 2 and Table II). IJ:'his means tha.t orthop.l10sJ.JtJB.te estero (or orth~ 

• 
.. 

• 



• 
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tripolyphospha.te er)ters t:;e~r~ fox'!n;ed-:t.e., th0 tet;r.:Jpol;n.::·hosprvlt~~ c~;ter:3 w(';:r::~ 

1~-
spl~.t i."lto two pyrr.rphosphute et~ters ~ ~ The deHti uction of th<~ pyrop!"Josphate 

\mich Hmio calculated to be necesst;ll:";t for the forrn.:.'1tion of linear tetr21poly-~ 
. - ~1 

t:r..tt:K?ly- Or;' pyrophosphate esters ,1) subn tanc11 :.; wc~r\~. obta:i.ned '~those J ? n. m. r. 

spectra correspond~ .: to t!l·~ calculated ones of the tet:rapol:v-, tripoly- and, to · 

oomz; extent:J alao idtll that of the p;rropho::;.phate €mtor- (Table V). 

. . .~ ... 

------~--~--~--~P~n-.~.;-~· .. -r~;.~·~cti:L-···~~~~------~--~~~-w~~l~~.--r1~.-n·1.-r-,~.~f~~o•L-L~~~clr-~r.~~t~)--~~--~-·~~ 

t,.,tmpolypl'loa­
phate 

tr-lpolyphos• 
IJllQ.t(j .· 

pyropbos .... 
phate 

culatod (%) '>lith w-ater 1,;/~.th c:th~:.no:r--p i) p •) ') p } ::> ;') 
o t ., m. to 1·t m o ~·t 'n1 · 

50.0. so.o v, :,tra6h 49.9 . 50.:J. VI 1.0 117. '7 . 

66.7 33.3 VII .3.7 . ·?Is '1. 
J ~.-

1C0o.O 
·/~~: ···~!'! .... ; _"·: ... - .tX .. ,· Vr. 0 

'·: 

11.3 X '13.1 

.. ; 
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of cyclic compoumhs ara present 1n the substances V . to X. 

to X ·and tr'Om V:, VI! tc IX~ 'lht:; pea}~ lies a.t 12.5 (VI):; 12.7 (VIII), 12.a (X)~ 

propos0d structur-e te>g0trwr vtl.tn Othe·r larF,7'~r $.nd shor·t~:::r condt=m;3crd cl1a:Ln phaspi1atBG~ 

~~ome conclusions abO' .. tt · tr)r~ aiT,ount of the principal. compound hi mixtu:r'Gs h"fiioh 

C0..4tf:l.i!l ln~inly ·P:frophosphate esters can. be d:t'8.\\111 ft\')ffi the.it~ n.m.r. Sj:>Oci;ra. In 

m .. txtur~ !X, for e.xarrple, the. :.-uro~trlt of pyropflospbnte will bo iovJr~st, 50. 7::~, if 

the rnidcUe bonded pbo~3phorus eKi~)ts only in th11 'to:rm of tripolyj';ho;3ph<:tte and Nill . 

t,l';, highest, 61~7%~ if Pm·exi3ts only in. the form of t~trapol;ypl.la5pl'l&J~e. ll:Lf.';her 

polyphosphates should be: expe·cted to contributG insignificantly to the t~qulli..; 

.Similar equi1:1br:t~:!l. of pi·lospha.to C$t(:!lr:& were also observed by ~:3dh'J{;~rzrn.:;mn &'Ad 

Van l>'io.zr;z)-9 in r.r:Lxtures of,, tr1ethyl orthopl?ol1phate n.nd 1\'\o. 

• 

• 

•, 



• 
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l"or the con·plete destl"uctiol'l of the pyrophosphate structure, an excess of 

,· 

ester. splits off OrthOphosphate :::>UCCes:)iVel_ye 'l'hUSJ> th;s m1Xt'.JJ.r'C3 o.f tr:'Lpoly- t~nj 

I . / 

of pyrophosphat~~ ester:j cannot b& for,red only by a diroct attach" by vratcr (eth::..no1) 

rn.:.1.sl<.:od by the m.1ch .fast~r· .attack by ll,!f:l.'tcr (0thanol). '!'ha :rer.ml.ts obtained 't~hen 

' ' ' 

tre sama rnarmer.t but ve:F:J rnuch l'5l0'-:Jer. If dietbyl h,ydrog,en ,ortboph(,)Sph:.'l.te trms 

add~d to cyclic tetrepolyr)bosvh~~tes ( materi.al B) , 10 a mi:r.:turc '>•T:i. tb 37. g·,~ P ~· ~ 1a.,'1d ... 

62.1% P m \ll'at3 ob~a:l.nt~. ·· The r.~Dlecular weig.ht Hnd tho IR t>pecti-'U;n1 suggt~st thnt. it 

con5ists mainly. of lj,netJ.I" peatapolyp1'10sphate e3ter. 'Tlw P n.m.r. 8..'1¢. IH e.pootra 

obttrlned from .rP.1XtUI'(?3 Of C:{CliC tctl"t:ii)OlyphosphettE~S (rratmrial [j) nn::'l li.r:H~t.~-1::" 

tetrar,oly- (V) • tripoly- (VJ.II), or pyropho~?phate· (X) do not incUcate <ilrly reaction 

esters is doubtlessly the brancb.t.ld bonded phot{phoruri, but its 8.!.1'\0Ul:-tt d.Q(:JS not 
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S"~ncf.l>...,.. ti'·.~ r;/>~''"'""1 O''l cl""'"f;;! .. l"t nrc''"''''">"''1 ;;-.>,.,.,j,-r.~r - _ ,_'0;,· ....,o.~t,- • .. •\.'.l'~"''fi., .\."...J . _!:• ,.}Vw··.._. .. \..-t .v~:vu.-'.J .. ~: ..... J 

of th.a > disproport:ion~.tion of condc>nsed phos;.:'lbatc-s to f.orm lo:rrer and hig;h:::r con-

dt:m~><t!d e..nd orthophosphates mur~t be lov; j.n. these materials a.t room. tet·.pcratu:r:e 

( 25°). As ohJ::er-..r(·Kl by Scrm<'..Lr'~m:::u-ul and Vc..1n \~a.zer ~l9 tetraf:Jthyl pyropt1osphat,3 

itself does not have>~ equil:ihl':ium COinPOsttion i.f it h:~s been only r<:?cant1y 

leading to a certain equilibrit.un, n~a~r d1ff'ar f!X'rtatly in their rates at roo;u te1n-

tetropolyphosphate est(;rs, e.s contained in m.ater-laJ. A, B. Dlli and E, could be 

found when chlorofo:rm solutionts were invest:!,r~atetJ.. 10 

'l'he d1:stribution or. tbe OH atld C,~Hc: fJ"OUPO in the m~ter mo1ecul<:~s irs mu- · 
.::. :; 

bably random: all theoretically posfiible ethyl· h::ldrogen _tetrapoly-11 tripoly~ or, 

pyrophosphates v.:o.re formed. 

( 1.!) SO>"ne orga.."liC sol ven'c.s ~ J.ncluding ac(~tone ~ forrr.~.am.id~ ~' dimethyl 8JJ_l.f'oxide > . 

ethyl ol""cho:f'ormnte and totred::~yc\ro fu:r.in 1, ·.induce deg;rade.tions of th~~ 115.gh~r cor~-

densed po.lyphosphat¢l~ sirr.ilar to those caw::~ed by \•rater ·or ethanol •. · Th'~ de~;­

d:ration of _the solvents by the pol:1pilcx::pha.te esters io con~:tder~nd to ·t.e. t~ll? m:)st 

11kely rf~ason · for thls obr-:.e:r•vat1on4 This CO.tJabil:.t ty "'rouJ.d qu.~tlify t.b.e polyphos-. . . ' 

phate: eU.tf~r·;J . not on.ly. [iS . a:r'i Gl{;rmt 'for t{~~ Mr:tj'<h•ating polyn:v.~rlzation o.t sup;ars ~ 

heterocycli<l 'bz:u:;es an~. am1..no acids, . Gut 'also for a h::.re;e nv .. mber of ottl~r dehy-

drat ion PNCcZ~3o:5 •. · 

It is to be· expected that the capability cf the ·l:!.nsar polyphosphg,te esters 

( substa.""lC(~S V to ·X) to produce the del1;fdratior1 pol;>rmj!'ization reaction v;ill differ 

• 
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m.-1nts lead:tng to t.re consistemt r!.mults ob3erved. 

An under;;irablc phosphor.ylatiG'n c.:m occur <.:.:;; a stde reaction Hith the tt~>~ of 

Ha.tl-..•.tJ. l'~'<>t'•nhO"""h"-!-(•n 3 . fn ... t."r''1v..-'<y>~.,t·~ '~-" r-0J.'t_,,......,j Z'->'r -~ O'"' rf'>aCt'-T.,-~Jn· .. _.-;; • ~ 1.V ... c a~,\. \~.l,i,Jl·Aav- j ~-~ -.,..;.._ .. i'"J ,~,.,.~~ J..,VJ"' .J!-'"~ .J ... ~...._.i, • ·•I>.A.WJ~,......, ~4 -- _. ~ ,... 

-from !'~thyl metnphospht~te". 

the initial attack T'!1.'\V occur at th0 f:l:>ea on zroups of the sugar as ~·mll a:3 at the 

phosphate rg-o~p of the nucl,~ot:tde. .. All of th~sc factor:1 m.a.y a.ccount .f'or ~J('l:;n or 

the var:table re~ult.o l'V$pert~ed. 3-7 · 

merl~n.tion without phosptlor:;lation. Studj.es of the eff'ect1 ven0i3~~ or each of · 



·': 

· .... ~ ', . 

wn.on neither \.;a,tt;tr nor' etllntlol W:.&J,$ irrv1)lvecl~ all r~~~asur·&rr:~:mt~ \1e;r,;~ p~mfo~~a,6. 

10 
under C<::Jndttior~s of ¢1,J;;xxm:Je·· <irY>lO}:;s •. 

I 

th~ react.:ton during the · .. firr~t 5 ·:n~m .. 

,, 
whfi-'!'n tt1~ $Olut~:'lar:t ~1ftru.'$ l'\~fluX€$d., (2) 51..1 g (:l.ll P'l!;')le) oth~m,,l Ne.r'-a Ut~ed .:tn:B\~c!,;id 

• • • I • . 

dtsaolv'!.''Xl 1t1 6 ml l-Jate.t'' or· etbr.?Jlol,: reJJ>pectively. P:r"'O(;h:Jure a;~' desc:r\tl)ed :l.tl,,!BX'. (1);, 

'•.; ; .-· .. ·;_' ~< .'. 
of 1tJater er etha1i.ol a-c-o .n<~j{,h:H:;.!la,r•y tc 'produc~ llncm• t~trapol;;r-JI :tri;:.~ol;r- ~:r ·pi.r";-

. . ··-;:_ ·. 'Y. . ..... :..; 

1UJ.., sub($tancas wer<J <-feig;n.~ct ¥>;ith ·e-tA ti.CC\.n'tacy t:)t. 0.1 mg:. .·. n·' 

d -·>· 
''•, 

.·.'• 

ft.• .S,uJi;,!_tt;.f,lg~ 'l·t (11neill" tet:c·up0lyphospbate. ~sters) ~ · · · Nat<n"ial D consit;"r;rJ. of··· _: · 

69.4 nr.)h~ rs;.· (,)t• 65.'9 •:~1ght % cyclic estern t.t':ld 30o6 mol!:J % or 314.1 ~4j·e.tfrJ~t .% ·. 
···, 

40 .. 0590 .~ ot Jtat~rlal n eont!il:..ln~ tl¥~rcfore 6 26.3.939 g (o.OG,ll · 
··.·:. 

•• 

• 



• 
• 20 1 ("Hf~1 
:111 - m. "''"''·'-~3· 

:final cot:",.':JOsitlc.>rt (it9.9~; P1) 50.1;~ Pm) t<l,t;:.:_.:. 1\~fJ.chzd aftr!r 2 hr• l:lf!i the ? n .. i:tel"'. 

cool:tns;. 

lO hr. 

£.• Sub,;?t,m'lce \TI,~J:.= (line~<';!~!' t:dpo;tsphr;mph~tte ~~st~r5). ll~5.1864 g 1111.t•artr.·.1 D 
·!. 

~ 29. 777~ f.·~ {0.0639 i110le) cyellc (~zte~£3 ~md 15.1~086 g (0.030!~ m:;lrl) 1:1Jl~Hl" ester:::;. 
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reached after 24 . hl ... 

Nole.cular weight: 

nD20° 'l.li31; d~nsity 20° 1. 3388; viscos:tty 20° 3.,t)9 poiseo 

-i',.E.' SuKJSt;ance :ix: (pyrophosp!·Jate estere:.). 1~3.0554 e m.:tterlal D ~:; 28.3735 g 

( 0.0657 T0 .. t"lle) cyclic esters end 14. 68J:9 g ( 0. 0?90 mole) lineo.r c~r;.;i:;erG vJer1;:: u.sed. 

\ '. 

Molecular vrelf:)1t~ (C2H5) 3nP2o7 262.1; (C
2
H

5
)ii

2
P

2
o

7 
234.1; no satisfactory mole­

cular ~·;elght::.; could be determi."lecl in ace to nitrile ( fmmd 377,1425) ~ 

P .• Sl'b',;_1~_P.'1.CO_·:::· X• •. ·. tt;yro_r,,b_os.~:.'lh.ate '~sters) •· 41-t ... ,.761 ,..,. matcr-1 al D = 0q r::)o711 rr .... v :;u.' ". ~ .. • .. t> >J .. • ·- . t. .... ;. • - - t:> 

( 0. 0683 rr:ole) cyc11.c ~o-:;ster~ and 15.2687 g ( 0. 0302 rnole) lineur esters.. Hecessn.ry 

amount of ethnnol :· 0. 0320 rn.ole and tvQ..cc 0 ~:'0683 mole =. 7 • 6845 g. Pr0cc~Kiu:re ~;.s des-

cribed und0r VI .. Pinal corrposition (13~1% P 06 · 73.5%- Pt• 13•4;~ Pm) reached aftor 10 hr. 

(c -u ). ·11·l 0 2<2· ·1• (C rr ) P f'\ '>CO ,.., • f' · · 2r:"~ .., 11° (ir · i-'5 3t.t2 7 U ~ ) 2~"5 4 2'''7 t.-~' oG~ _OunQ. ')c.,y') .· l 

acetonitrile); 293,295 (in_ rrethyl ac~~tate) •. 

n,"20° 1~!127; density 20° L3029; viscosit~r 20° 2.~ 76 pol:;se,. 
~ . .. 

·Data of· Table III.-. ( at·tefot to produc~ orthcphosphate). 
·-~··. . . ..... ·' ... ·: . '-: . .· 

(a) 5.3876 gmaterial D = 3.5504.5 (0.0082 mole) c:.rclic.~.'$ters :.:md 1.8372 g 

( 0. 0036 mole) linear e:.iter.s. ·Nece!.mar.'t arnov1!1t ()f. ·};ate:t•: _ .3 tirres 0. 0036 mole .. and~ .l+ 

tirre~ 0. 0082 mole ·= 0. 7855 t~· 'l'o a solution of material Din 5. 4 ml CHC13' th~~ 

. 1..1ater was added under ?Ooling _Nlth i<;e~ The n:rtxtura stood o(lt room tcm.pcratu~:.~ 

.· (25°) UVder Vigorous stirring .fol .. 24. hr ~md. WaH tb~n reflU}<ed, 

(~) 4.4147 g rm:tterial D = 2.9093.g (0.006Tmole) cy~llc ~stercJ snd 1.5051~ ;; 
. . 

(0.0030 mdle) lir1ear es1;er·s. NecesElar'J amount of et1'l(ll10l·: 3 tirnes 0~003 mole and. 

4 tlm~s Oe0067 mole= 1.6·~93 g. Procedure as described Under,(a). 
~- s 

used. . Np stir:rrlng necesst=:ry ar~cn." the fir·.st 5 t'1i.n. 

4.-4 ml CHCl':'l 
.) 

L 

'i. . 
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D~1.ta (~r fJ?ablr1 :tv.-- (mi.r..tut>t~ti or .cyclic; anrt 1111t'W.t' p{:IJ.ypho.opt!!:~.~c,~t;• ~Uid tl'............. d ... l .... 4.. s At , ... 

· :--_; •• "-'t· "".·.~ ..... :~"!- ·,,::. -;,,·-~.t._tl 9·:"'_)·.1, cycl-~"' c'~'"<'l'::>···,f",;~·--· (l -::;t';' 1;::, ~· 2 .qP. .,.,.,;.)1"') -= ,.,_, ,.. "' , ~ _ _. . -"" '"-'"\<• 1 """'"'·"'' . · • •• t v- ,,,_. • .:: v '·'~'"· ""'" 

CHCJ. . .,. 1l'o th:ts \.·:aa H-l'ldcc11.45'l2 t; sub:;;tancn V (2.98 mNol~:~, nve:r'1:~!~0 rnol. '.-rt:. 
;) 

eti~'l:::ol ved: ir~ 1 ml CHC13• 

(:?) r.r~i.te:rial ;, n,nd tr.:.l..polyphof>Prt'lte f~s.te1:> (su.b~tElnCe ·vni): 1 .. 8713 · i.; 
'P <I"" f' • '~ • . 0 

..... ~ I!"': . ~ ..:, ' • "'Il >' ) ''J, . . • '"" ,. ~ " • 

materiril d: ~9:>'~- ~ 1.7 t 77- ~5J_'.:ti.l.J._yr.·it::),.l: . ~(xh;sol~t~t'L,ir\ 3 rnf_5HC13• , 'l'o ;thiB. "ila.':> 

added 1;.51V~5 g sub,stunc~ YIII (l+~ll rtt''1t)l~, av.;;rr·;~-r;JB' mole wt. calc.· 377) J). dit~;,;e:lvcd 

ln 1 ml.CHG13• 

(3) f.1r:ttsr1o.l a and pyt'Op~)0:5phate eat<~r (~.;ub~.;tancc: ~~): . ~.1112 g mr.::t;;;dC\1 i:3 

( 95% x:c 2. 00)6 s~ i1. Gil m~o1c) dJ.H;io.L vcd :tn 3 ml_ CHG1
3

• 'X'o this tt-:.~J ·0-ad.ed L 2 1~22 s 

5. 7784 gAl JJ.37 .nr.l:Ol-3) dis:;mlvcd in lO·.ml CHCJ.
3

• To thh~ ·..;r~a o.ddod ?..OG05 ·.~3: 

( 13.37 m·uolc) ( C,.,H,.J2HF\)1,. Nloleculi:::r wcip,ht; dc<i;ormin<1t~Lons urter· T2 hr: 
::. ' . 1 . 

3•4961-l g $Ubota.nce V (7;15 mrnole&~ avei·a~e mol. wt •. calc. Ll89) 11 dl~;.n<>lV~fd 1n 3 ml 

CHC13• To thb ,.z~is ::iddod 1 .. 1019 f~ (7.1(5 mnolo). (r.21-~)2Hr;ol111 d:t::molvc:d in l 'r..1l CHC13o 

(6) 'I'r1po1ypl10Bph~::>.te c.t~tf!!' (3U:.n>tance VII!) and <tletl1yl h:r9rop~:n pho:c:;pbf.lt!:l': 

: 

Ik•:1ct:l.on_ of Tqtr:Jx/blyx)hosphat$, i,~sterc; r~~1.t~':l~:ln.1 D) wtth V:::rr:1.~.:n.Ei- ;~obk:rrt~; • ...;_ 



(20) K. Ha~t :tn 1k)U~1~~n.,..;•,•:foy1~s 1!i''lrd'ttlod~!l ck:.t•"Or;;;;an5.sci.1ert Oh.:mlit.::~ 11 .3/l$ Ge;:.org 
1lt.1~~Ul~~ 1{f;~1·ul.'\0!t J3t·llt tg;&r'C .1 l9:i5 » !,) ~ 3t27 ii 

.Aceto;1:l.tl7'1le ~x1 m:'.lthyl ~cetG.tc (t:;;n1y :f:or !-:mhstar-~ce IX) N%:I'il! u~ed r.t.s ;:.wl­

wmt~h 10 Suh~~t1ll"1C~}~'i: VI:r a:."K't .U t-<'er(~ complrztely rioluble only or.~ bi!i!a'ttnr;:• Nt' 

·even in ac~~tofxi t.r:Ue a 

V~lr-lan v ... 1~30o-c sp~ctro:t.eter operatlr~~ at 24.6. me/~, in CCj):'15t.n'lct.to-l1 h·1th on 
. 21 apparatua i:"or "cont1nuouo -avc-ra•i£.:i.nz.", · 'Ti1•l eur·ve.s r:rel"'i~ cut out and ~-~r~J.B\hed 

(21) 

;~later eitd. ethJ;lr.tol \)/'-f?.5 pool."'Jr than that of tn·~ ap~ctra of' the oo.:"JC(•mt:r(;.tcd 

. so:l;ut:ton5 of tnat~rlals A to .l.Z in ehJ.orofurtrlelO ~!h~):'l;lfor.:i!, t;h~~ V•:tlu.~~<-l in Tt:fbh:r; 
,1 

. . ~ .. 

,. 
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.r~s~1<!l.tnt;;; of· I\ . ., ~~1·:~ 
v 

• 

.f\ 1~ 5% o:;olution of the (~~~ter :in CHCl':t t<."it.$ u:;vr~d ll and 
"' 

(Cell path 0.1 r!.m), 



.~ : 

b) to ~) 
·. 

to 1;3 troles w~.te·r); t;) D.ft-:::r Oo25 b:r, c) .g,f'ter 1 h.t>, d) a.ft~r 21~ hr~ 

•., 

,,.. ,\r;,~;"r • 
\i~::i . ~ '\ ... "' _., '!! 

'. ' 
\., 

'· 
b) A.lcoholy!,;i.s \'t1t~1 tm excezz of et:ha.t1(1l.(conc. 10 .~;. \)!Otc~r :tn 51.1 ~· 

XR a.r>oetra of ~>aDlPlez \>f' polyph:Ok1phi-1,t~~. ~~,t~r.:5 ( dt:?solvGld 1.rl ohl()i'•'-,:1'f:Ol"i~'l~ 
,t • \ '. 

l) to 4) 

5) to 8) 

6) 

The ordiQate • in all cases> measures the transmi t.tance. 

'.· 



'(I) BICYCLO TETRAPOLYPHOSPHATE 

ESTERS 

(ill) ISOCYCLO TETRAPOLYPHOSPHATE 

ESTERS. 
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CYCLO TETRAPOLYPHOSPHATE 

ESTERS 

(N) TETRAPOLYPHOSPHATE ESIERS 

R = C2 H5 , TO A SMALL EXTENT ALSO H. 

Chart 1 MU B·4343 



I 
I 

I 
.. . . I 

-26-

,J. 

Fig. 1 
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Fig. 3 
MUB-4688 
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j. 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of· the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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