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Abstract

A general investigation of the synthesis and character-

ization of polv (metal phosphinates) , which covered a wide

range of materi als including numerous metal centers and

bridging phospl-iinate groups , resulted in ~ much more com-
prehensive understanding of them, permiLt:ing U~eir develop-

ment for a variety of applications. Technical reports,

publications, issued and allowed patents , and oral presenta—

tions are tabulated. Daughter contracts stemming from this
fundamental program arc also cited.
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• The Synthesis and Characterization of the
Poly(Motal Phosphinates)

A . General Comments

The purpose of the present investigation was to con—

tinQe the investigation of the poly(metal phosphinates), a

unique family of inorganic polymers first recognized during

our work on O~R Contract Nonr 2687(00), the forerunner of

ONR Contract ~OUOi4—G 9—C—Ol22. It has two broad goal s,

(1) the development of a more complete understanding of the

chemistry and physical properties of the poly (metal phos—

phinatcs)  and (2) the synthesis and characterization of new

poly(met al  phosphinates)  designed for a variety of app lica—

tions.

The structures and properties of the new metal phos—

phinatos differ to a greater or lesser extent depending on

the central metal, the side groups of the phosphinate, and

other ligands that  may be present. In addition to further

studies with chroniium (III), zinc(1I), cobalt(II), copper(II),

titanium (IV), zirconium(IV) , and iron(II) and (III), work

was undertaken with manganose(II), nickel(II), molybdenum (II),

ruthonium (II), rhodium (iI) , hafnium (IV) , tantalum (V), Lung—

sten(II) and (Vi), lead (sI), europium (II), thorium (IV), and

uranium (VI). A variety of phosphinate groups was also

studied, primarily as the zinc derivatives.

In a number of cases the phosphinate group does not
- I function merely as a symmetrical bridge via 0,0’ bonding,

and in par t icu lar  there is evidence for bridges involving
unsymmetr ica l  bonding in some poly(metal  phosphinates).
Structural rearrangements have been observed for some poly—
(metal phosphi ri~ tes) upon dissolution and/or upon melting.
Molecular  we iqbLs  of soluble poly (meta l pliosphinates) vary
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over a wide r ange , corresponding to degrees of polync ’r iza—
tion from two Lo several thousand . In some cases t h e

molecular weights are quite sensitive to the type and
purity of the solvent, indicating that dissociation can

occur in solution.

The magnetic properties of selected poly (m~-ta1 phos—

phiri ates) were invcsLicjated in a joint  e f fo r t  wi th physicists
at the Universi ty of Pennsylvania.  The phosphina te  groups

were found to provide a path for antifci:rc :~aqnct ic  super-
charge J/k ’— G-5 K . 2~n interesting result of this invest igat ion
is the cbscrv~~Lion that disorder in the polymer plays an
important role in detennining the magnetic properties,
l imit ing the range of sp in correlat ion.

New po) y(meta :L phosph inates)  have been supp l ied f or

investigation in app l ication work sponsored by other agencie:~.
A number of very promising high tempera ture coatings based
on zinc and z i r r~~aium phosphil na tes  have b~-en devel oped for
t he Air Force . These coatings have properties superior to
those of current standards.  Evaluation of some phosphinates
as plasma sprayed coat-ings is current ly  underway for the
Naval Air cv~ iop .c’nt Center .

Recently it l~a~ been ~hown ~.~ith f i r Force support that
some zirconiur~ phosph in at e s  are excellent thickeners for a
nur~~er of high temperature fluids and convert them to prom—
ising greases. Both nyro]yzed and unpyrolyzcd metal—loaded
laminates with good properties have been prepared wita ONR
and Air  Force support .

The remainder of this report consists of co:upila~.ions
of technical reports with summaries , publications , patents,
oral presentations, and daughter Pennwalt contracts based
at least in part on work performed on this contract or

P~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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conLr act  Nonr 2 6 8 7 ( 0 0 ) .  I t is anticipated that  work on
npp l icat i or ~a f or poly(me Lal ph ospii i r iat cs)  will  continue at
Pennwait .
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B - Summai ~y o  r Technica l  c~

Technical_ flenc-rt No.  1. Inorcjanic Coordination Polymers .
XI. A new Pu~iiy of Chromiu:i (IiI) BLs (phosphin at c)  Polymers ,
[Cr ( 0rI ) ( O P R R ’ 0 ) 2 }

~~ . ” P. N annel l i , H . D . Giliman , and B . P.
Block . May,  1971 . AD— 724 768 . Manuscript for Publ icat ion

No. ~6.

Heating hydroxyaquocl i rom im i i( I I I )  b is(phosph ina tes )  at

tempei:: ttures up to 200 °C under vacuum yi( ].ds the corres-
ponding anhydrous polymers [Cr (Oil )  ( OPRR ’  0) 2~ ~~ 

The inf rared

and visible spectra and solut ion properties lead to the

following conclusions.  When R and R’ arc phenyl groups , the
hydro~~~l groups appear to bridge bc Lween adjacent chromium
a tom s in the chain together with the phosph in a te  ligands  to
yield a linear , trip le—bridged polymer , When at least one
s ul e -U l t u e nt  on the phosphorus is an alkyl group , some of the
hydroxyl groups crosslink between chains to yie ld  less
soluble polymers.  Comparison of the properties of these new
polymers with t •hc parent polymers sugges(s  that the lat ter
should be formulated {C r (H 20)~~ ( 0I-l ) ( O P R R ’O ) 7 ] .pI-I 20 and that
they contain more than one kind of monomer unit . The parent
polymers can be readily prepared by a new method -that in—

volves reaction of a soluble ch r o m iu m(I I I )  salt wi th alkali
metal phosphinates  or of ch romium(I I I )  hydroxide with phos—
phinic acids in a water—tet rahydrofuran  mixture.

T hnical r No._a. ~Inorganic Coordination Polymers .

XII. Chromium (III) Tris(phosphinatcs)• ’ P. Nannelli, B. P.
Block, ~T. P. King, A . J. Saraccno, 0. S. Sprout, Jr.,, N. D.
Peschko, and C. II. Dahi. Juno, 1971 . AD—7 63 691, Manu-

script for Puhlication No. 9.

Cohesive films of a series of chromium (III) tris—

(phosphinaics) [Cr (OPRR ’O)  ( OP R’ R ” ‘ 0) (OPF *R**O)]  in which

the side groups on the phosphorus are all<yl , phenyl , and/or

‘- -w,. _ .
~__••_ .~~~~... ~~~~ , _ ,~~~ ,, , - •, - - 
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hydro ;en groups have been prepared by react~ on casti ng or
by hot presH ~~~ The p repa ra t ive  reac t ion  appears to involve

conver~~i on of en acuahyarox o  or hydroxo ch r o uiu m( II I )  h is—
(phosph i nat e ) t a  au  i n t e i~ r e d i a t e  bydr exo his  ( phosph i na te
containinq coordiiiatccl phosphinic acid followed by an in t r a—
chain react  i -ce leading to the tr i s (phosph ina~~e ) .  Tensile

s Urcn (~Ln s o I Lhe chromium (III) tris (p ho~.~Th i n at e s )  ran ge from

100 to 5600 psi , e longat ion s from le~;s than  1 to 1001.
Thcrmogr avirr~etr :L c data ~nclicat.e that  m~~~or decomposition

occurs at t emperatures from 200 to 435”C in air and from 410

to 510°C in nitrogen. Infrared  spcct-ra and phys ica l  prop—
cities are int erp reted to support a s t ructure  for the

chromiuu (III) tris (phosphiriates) that is based on ii  sear ,
triule--bridged c ha in s .  The presence of octyl or other long
alkyl side groups on the phosphorus improves the physical
properties. pi:ese~sabiy by internal plasticization , but leads
to decrea~cd Uh:: ~rma 1 s tabi l ity .

cc I J~C’ ua~H Lk .__3 . “Inorganic  Coordication Poiym~-rs .
XIII. Chrori~ius: ( I i i )  Halo h is  (nhosph ina tes)  , 1I H . D . Cli lman ,
J. P . King , and B. P. Block. June, 1971 . AD—763 692.

Nanuscri pt for Publication No. 10.

~—Halo—-bi s —phosuh inato)  — chr om i um ( II I )  po1~ :~ers ,
(CrX(OPJ~R’O)2} (with R - -R’ =C61-15, R~R’~~C8TI1.-1, and R’-cI~3 and
R’=C6115; X~Cl, Br, and I) , have been in ves t i gated . The chioro
polymers were prepared by the reaction of anhydrous chromium (III)
chloride with the appropriate phosphinic acid . The bromo and
iodo polymers were prepared by ox id i zing  chr om i u m( I I)  phos—
phina tes wi th bromine and iodine . respectively . ‘ihe chioro

and bromo ciip~ianvlphosphinato polymers are ~o1uble in common

orqanic  so1\j cn~:s and have  molecular  weigh L~ corresponding to
dcgre s of pol~ m r~~sat ior~ of 10— 1 2 . They are hydro ly t i ca l ly
unst~ b i e , foi - i ing f i r st  an aquated halo  species end even tua l ly
the cerrc sponding  aqua hydroxo polymer  [ C r( iL ,0)~~ (OH ) [OP—

‘. •-‘ ~~~~~
- ~~~~~~~~~~ ~~~~~~ -- . .  -- . .  - .~ -.- - 
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(c6H 5 ) 20~ 2~ 
gil 20. ~o -y au gUi U o  a L:Thle the ma fly and

ex h ib i t  i n i t ial  ~• ; a m h L  loss at :~uo ° and :~io° , :~~occtivel y.
by thermogravi n atri C a i i -  i lys i s . The iodo J a i ~~a r , on the

other hand , s tar ts  evolving iodine be low 100° . Thc- so lub i l ity

and v i s~ b 1 a and i n i f r a r ~ d st  at ~a of t h e s e  t e l  ym ’ r s i ad i c a t - e ~
l inea r  sLructur e  s imilar  t u  Lhat  pr vi .ouslv  suocjes ted  for

~ —h~’droxo—b is ( p—nhosphi  n a t o )  --ah~-emium (III) po1y~r c r s. In this —

structure all thra anions function as bridging groups.

Technical__d~~~ort_ No . 4 . “Phosph inylmethyl  Der~ va t ives .
J. 1’. K i n g ,  I. C. Popoff , and B . P.  Block . Juno , 1971 .
AD—763 693.

Diplienyip1~esphiny 1me Lhanoi , etiiy1e1~~ n ’ J

nrethanoi  , and Iii a ot h v ]  ~~ os~ h i  nplmetha130] have e—iO Ii prepared

by fusion  r c ar : iar  of sodi urn acetate and the co r i e r p en d i a g

P , P—disub s ti  Lu ted cbloro~nothylpl iospi i i  nc ox i d e  at e lcv a i : :d

temperatures i~o 1Jc - -. -*i b~ acid hydro l~~~ if . Tn~ ini.e r a d ;a t c

- I phospLinyimehhy i  acatetes  have been isolataci  and character-

ized . Both in Fr :  rod and had rocjen na~r ro~ alt  s ~diow L1~ at  Ll ierc

is extensive i ntramolecular  hydrogen :~ aci~ nc~ in these pho s—

phinylmethanols

Tea n ica l I~~aort l~o . 5. “Various r ’honphoni tr i1ntc~s of
Chrc,miu’ (III).” J~ P~ K i ng  and B . P . Block . June , 1971 .
AD--763 694.

1
A series of chelates of ch r o m i u m ( I I I ) — — C r ( O P P h 2 N PP h 2 O) 3,

• C r (OP th 7NPL ’h 20) 7 (7~cCHAc ) , and Cr(OPI)h
2

NPPh 2O) (AcCil7~c)2— - has

been synthesizad and charaeteri zcd by elemental analyses.

m e l t i ng  points , in f r a ~~cd ~pctctra. and :rolccular weights. TG1\

data shovi thaL the chro~nium (lII) t r i s ( phosplionitrilate) is
stable to 410° in air. 

- 
_ _ _  J
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1~our—  an d  s--Ce ) Li  a nt e  Cobal t  (I I )

Dioc LvJ 1 ix~ ph i:i. tc . 11 . B . C i 1 ] i i a  a . June , 1972 . AD —- 7 1-1 960 .
M an ua c r i  U for  P ah i  cat :ion No . 7 .

A n c \  font i  o 1 cobalt IT ) d ocL’~ 1 ~Thcu p ii i n - - t a  ( for i i i )

was  p r ip a r a n  by the ruec Lion of cobaJ t ( I i )  c n l o rL d c  wi th

dio~~tyl  ho ali  i n  ic a c i d  Li ah~~c i u te  o t h  ‘c d  . Vi s i l L  a end near
j e t  cd ~c ’cLrx i r i l c at e  V i a L  form UI - :ori t air s cc d~ed r a l  l y

c~~~idi n~ìtx J Caba l 1 ( I I )  , w h a t e a s  the i: rev ollc1y rc n a rt e d  form
(-r o n11 i)  c o a t - i n s  i o t x a hc- dr : i J y  coorcl ina a d  cobalt (II)
J o e  Ii i J:u’:v’sU)ly con--s r t ed  to f~~nit ] i : ~ ’ h a  L i n q  aboac
( - H  or i ~1 d ace I v in e  : t : n  n o s-e c i a r  sc i v a n ts  . I n f rj i  Cci
sr r - L tra , X- -c a v o~a - r ncct tc rns , and 1)tC th ~ i a i c —  a i r s  for  be 111

f e - r -; r r - : r c s n n  U a . ~ ~a ci com~~-i cad . ~~i a appears  to l a  the
f ir st  c:- - cci C 0 C fl-~ l~ (met a l 

~-1 rrc p i i  i nat e ) t I a  IT ax I St S hOl h
in foui  nd : ~x—ec:: T d i  note  f o n i a .

— 
1 i~~ 1 ~~~~0j 1 P~ ~ ~ CI ~ onu um ~ 11 ) Li ~ (p  o-

] i h i i 5 L a i )  . 11 . 1) . 6±] i i i , 1’ . Na :a 11i , a nd H . P . Block .
June , 1 ¶72 , AD—7 44 9 l . fl eece ci pt for  Publ ica t ion  No . 21

C r e r a l  p r o - s c i r a c i  acc i d i ng  the use  of ci ~c:c i u:ic ( 1 :r

• in b o r i n a di a  ta t ;  are n-~- s a n I c L ~~~~ the synthesis  of two tvoe~
of chrom~ u (III) ic a ~pho::h i e ta)  pci ~ma r s .  T Ci: (112

0) ( 01-1)--

(or wh -Co ) 2 ] , a nd [c:(UL) ( O h R B ’ o ) 7~~~.

~~~~~~~~~~~~~~~ 
“ Ch r ; c i v at ion s  on Sane  P o l y( m et n l

phoseh Un n ta - s )  , “ B. 1 . Bioch , H . B. Gi l i l cen , P . H~ nne]  i i .
n eC! P . T . C a y a ai a .  June . 1972 . AD— 744 9 6 2 .  r-t u~~cr i p i:

of a p p ar  pros :-n ~ cd a t  the i6dth  fur -c-rican Ch emical  Society
mc e U i ~x~, 1T’~ -: ~c ~~, N . V . ,  I\S c ua- t : , 1972.

Uiocty1c:1csi-hir~atcs of who bi.valent firct—transition—

sc r 2 ( .~ c i  c’r ’cnts f r o i chr om i um through z inc  have  been pro vuccal
and  5 1 1- n ( d : : tccd . The v ar ie t y  of ferr is  found is di scussed .

Cobait (II ) , i ron ( I I )  , a nd m a l c a n e s e ( T i )  ir l d  a form based on
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octahedral centers  t he  ~ re~ u i i~~ i i t i t i l  t i p  ~ I ia n i n j  of some
individ ual phosphinat e  oc-r ,- p ~ 1c . Chrea L~rci ( I ) and nickel  ( I I

may give si m i l a r  den y :t: i ces . Uranyl  p). o:~-b i a - tos Can be

divided into two groups b~ soi on soluhil ity . The v i s c osi t y

and molecular ~- .‘ccigh L daLa o h t n i n - -L f L  ~x i’ of ( l u  t o )  uble

species in d icate that: th ’:v a L e  eel v - c a d  - al though t hei r

solution beIr viot-  i s  nut  idea I . 1 n i r red a n i  R T n ~in spectra

suggest that lbe urea’’] oxyqc n a I - c .  i are riot aI~arc d in the
soluble spec’ ea and con saquc-at ie  h a t  t i t  a br idqi n j i t :  via

phosphina te  groups . It has pic ’. ad pe~~~i Ic  to p r -~~~cr
floi-:ibic , s t rong,  cr )’st ill inc Ch lats of ~ ia:  chromiur  t r i a—

(pho5p L: L Ix l t e)  Cr(C’P ( c i ~ ) (C
ç

T I r )o 1 , ~or ~~~~~ 7 ) .,*1 r - :  -
~~ ;cl ’ c t h] i’ .

Brit:t] e, arrorplious f i l  cs rCSU.L1: , i i a c -xv .  u n - a~’r c-c r La in

condit ions . The c l i f f  a a ~~ces in tijO fil: - are -a-cc , atc-d for

on the basis of tIie plast~ C ± ? i ! I J  acti on of octy l cp aar e .

spaced in rca~’ I rir ~~ca1~ :~on aloag the bar bune  cf  Ul i e  pulym - r

in the f ie s i ble  10iTfl .

Tecli’r en] P or L vç~ ‘ Inorganic Coo~ ~i i i j  I a  :i yr - t s .

XIV . Chr ec a: ( I I I)  I I caph in n  L ’  ~e r L I u o~ . ]
~~ r i  a a i’oi ~~ ie~~n:

I-I . D . Gi liccan ant P. Nennc;li. ScN ) t cioc- r 1973. 2 1 — 7 6 6  837.

• Manuscri p L for Publicat ion ITo . 11.

A series of po y: t e rs ,  ~Cr (011) (OPni ’ 0) [ooC (ct-
7
) ~CP ( c t - 3 ) .~

) ~
has been prcp: t red and si:udj rid ., The polv. ern wi tli P - R’::C

6
Hr

are soluble in CC17FCC1F2 , w h a r c a c  t liosr wi Lii k~ Cfi 3 and R’ =

C6F15 
and with R=R’ r_ C J!] 7  are i nsolubi a in  a ll  so ! VentS . Attcc ipts

to prepare simil ar mc ten nis withou tc hycli cr:y l  cj at us gav e  the

polymers f C r ( 0II) r (0i i
~

N ’ O ) t [00P ( CF , ) CF ( C P ., ) 2 j ’ w ith 0 < r < 1.
T he  latter polymers are ;nech mare tiactxft’lc ih ci the  former ;

however,  they arc also less tilora cilly six-hire The pcrfluoro—

carb oxylato c J r c L p s  in thc~~c r :n I : c tr ia l s  c a  ei t her  ho che la t i  nq

or bridging d:pe;u-U ng on t~ic other liqanda present.

- 

-
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T e ch n i c a l  h c a c it  N’ • 1 (1 . “ 1 O o , a ~~ n i  c ( c e  d in: ’ Lion Po] year:;

YV • Dioc~ ’ ’ n ! i o  e’::; r r i t r t: of Ci , c c : , i i n . ( l  T )  ~~.flc i , 1i~~.c- ’ ( I I )

I r o n ( T I )  , H i d -i ( I T ) , ur i rj  (2(~~ p . ir ( 1 i)  IL 1). Gi. J lrnan .

No~’emH-ar , if /3. !iD--770 156 . flan’rccr .H- i: for Publ icat ion

No. 12.

The d i oc t:yl p:asplcinat cc C rot ’ (C~Th . )  
201 2’ ~~

(C8U17 )
20J ., i’c [ O J ’ ( C ) JL17 ) .) 0J • ‘  H i [ U P ( C , 1!~ ;~) 2 0J 2’

C u [ O P ( C 3111 7
) .01 ~, 1~~c .~c b c ’~i p’ p i r e d  reid c1~e~~ec -e j : i  zc 1 . In

the solid s txtto all nppa;-:r I_c have ocl:niic ci i •i 1 c c  cr i nera

pl anar coordination around (1cc r o t a  1. The nickel d :’r~ vat ivo

conver ts  1:- a tot  rc1~edr a1 lent ’  aboj c ’  Its i c c it i n g  psi ~
w i a r ca s  t_lic co sc a c  ~ nd m~~ep n t ose d - ri.va~ i yes e l c i c  qcc r ~: t i r
Ur ) Ofl  d iSSO: e L i  on . Tb’— in fr -~ 

- - I s p a  tm of tlic cc ;cate i: i a] a

in the P07 t~ -a tc]ehi-~ reqit c , .io ’eas t: teat n-c-a xii di t ar - 11 t
t:yj c c-~ of ;uaca t i pn(-i: ph:; cite coord ‘i nt o  I i i i t  - g - :; ‘ c

‘~‘, : r I c — i c a 2  H e - t :  ha . ]~~~~_ “ iLJ:-o r J a . i c  (‘ : c iLn at : h a Po l yn:. ~— a _

>~~~ i . L i n c ( l I)  ~h u --g n o t e  i o I ~~a a:s (o~~~~ i i i i n ~ i u ~~:, . 1 i ~-i~ ,,:

and Po.L~7 ( P c a n y i ~r ci  Oxide)  ~ 1c1c: Creeps . r • H c -i - - n i] 1, II . B.
GilIman , Fl . G. N cn : i i c a r , and S. B. /‘2v :ni , p,ci 1 , J H 7 ~i .
AD— ’780 46 h - Ne ’, cis c :ipt tar  i u h] i c a Li c in  To . 1.3 -

Tho rcr L] :c :c J and c h a c ect er izat i  an of a ::eriaa of  f l 5 -

phosphinic  acid o:tcl the z i t  a ~eiy:na ma p-c tca cad from thee
ar_c repor L~~1 . The a :  compoci-L ices cxci charac Lc xi z T i  by ii to
presence of sncc :L i oiyi hcnvie i c~ and pal y (~Pc:t,vietia oxide)

chains as nici ,i qroen;:- . Some of the ::inz d e n  vr- t ivcs ‘.ie rc

found to be t ractable  PO]~Y i -~~~ with good tien~~tn I st abi l i t y.

~~~~~~~~~~~ r i i ’~~rad . . 1~~ . ‘ Inorganic Cno~ U ] en L i  on Po]-p ei:s .

XV II , The P:cr-o c :: i r ’a cnd P .ccccrti’c s of Ten -c ’~~mc -!~ Di—
phenvl plcc a 1- 1oi ne t - ne . 11. B . Ci l iman . August. 1974. i~D —7~~3

O~?6 . Nanu cni p~ fec  Publication No. 3.7,

-~ 

~~~~~~~~~~~~~ ~~~~~~ 
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Tantalurt dipbcriylphospliina to aliroxidos and cr’ides
were prepared with one. two , Cnd t u rn-n di I lt enc 1 Iiocj 1t i nate

gioups par Lant i:i ue , Th-  \ • ;C i’ - found to bc low molecular

weight pal ~iucr:; in t o lu  Lion . ‘(‘Icc i nfrarcid spc-ct- r a of the

tanto] urn diphnnv] .phosph inato oxitias indicate that the

phosphinate groups have :)rcdd )r ~ inct.tc1y one mode of c o u r l i r l a—

tion (probably syicco t ri ca l  Driclcjinq) in Ta I OP (C61Ir ) 201
0
2
•H
2
0, whereas in 9’: {OP(C 1115)2

0] 203/7~
Xi1

20 and Tn [OP (C 6
}l r)20] 3~0 x1-120 they have a var:ic ty of coordir:a a b a  c odes. The

thermal stabi Lb tics of tantalum dL piicicyi phoaphinatc dioxide

and tar’ Loin -n  h is  (di phony ) p ii ’c cpli i uz ct e)  sesquloxi de \~O 2 C  con—

- . sideral-P! y yrcc:i:cr than tantcciu:i tnis (diph c iTl pi:ospb i  nato )
oxide .

Tect i e : l Hn~~r -r t N o J i . “T h e  E f fec ts  of St ructura l  Disorder

on Craa—P :i m -rriscc.ccel Anti f c rr c ;x ’-jn - tic Cl’s ins : Po iy -— Ci cr oci iurn -—
Phospl~l i ri~a t . ‘ J, C , Scott , A . P . Can to , A , J. l - ~~~ur,

P., No’:n aJ , - r i d  U . D. C ii I k n i .  Dcc x ;boc , 1974 .
449. i1nnueeri rft for Publi  ca tion  No. 16.

Tite tn -gnat-ic properties of s cr e n c i l  poly (ï:o-Lei ph o s—

phinates) hccv:: br an inc: c i c ro l l  , In pc’ t i r a ) a~~ R spectra
rind the tcccaa:~c- - Lure clcuencicncc ad 1:1cc static suscept :Li’:~ ii ty
of th re e  po ly ( chrc~rriiu ’n picosp !c: ; _ n :c t : ) ic l y i l a  L -thai a polymers
coinpra ice a cla ss of e t c  - --P im e n s i c c :l ant i ‘- r ro ;n aqr ie tLc chains
with J/k 4K an d wi th  a varying Pc :-qrr- o of c r y s b a] lin i t y .
Structura l  d isorder  is found to limit  the rzecoc of sp in
corrclat:Lorxc rin d , in t I e  extreme case, prohibi ts  extended
short—ranc3 e or cior . T h e  data arc nnal-~’:-cc -c1 :in term s of a m o d el
of chains of c - e a t a nt  excicar qc hut  f in i  I:r length . Comparison

is made with an a l terna t ive  model of i t i f ~~n ito  c h nin :  with
lIci sc-ciberg cxcd ::nde li va tying rcindcm l ~ cP’c--et a mean . The

width of tb-c c l i s t r i t - it i on  of J i : rovides  a direct measure  of

the disorder  in each sy c tern .
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‘rcchnicai Report  No. 14. “Inorganic Coord i n  t t i on  I , i r~erc .

XVIII . Observations on Drittic and 1 ] ( - x j L I c -  Fil e; of

fcr[Op (C11
3
) (C

6
Il~. )0J 2 1

0P(c
8~~ 7

)
201 

) . P. Nannelli • U . F) .
Gillmnn , and P. P. Block. May , l’- 7 3. AD— 1~0lh 55/ I . Manu-

script for Publication No, 19.

Films of fCr [OP(C113
) (c

6
11 )01 ~ [O p (C~ TT~ 2

0!) formed

during the reaction of ~Cr(Ofl) [ OP ( o L e~) (C111 )oj 
2~ :-: ~~~~

diocty ]phosphinic acid , are either bri itie os f lc  :a i l)j a

dicponc1~ ng on the de tai ls  of the p r e par a t i on  of the c hr om iu in (I I I )

b is(phosphinatc) precursor. I3oLh L i ncls of film appear to

contain mainly tripic-—bri dc-Ted chain-c. Di ffcring clcc ’~~~ac~~ of

randomness in distribution cf the tn--a P. i nil a of plcos’:l; in n  ~c-

bridges and, hence , of the in tcmn Iiy 1D]~nsticizincc octyl

groups along the chain ocount for the observed diff, m- : rirrc s

in f lax  ibbl i ty , X— ray di [fraction patLc mns . ~ncl birc fthtc~c - -~ cc .

The oi:’i’ervecl intrinsic V i S C O S i t  as cc 9.-I S dl/g prc ’babiy
indicate that those tris(phosphina tnr - ) i~an ;c mi croqols rather

- I than true solutions. ‘lhc tk ercsc -J  t~~~~P c - ; c j  o these fj j~~
proceeds by the oxidation a i d  c i c a v a- 0 a  of he c r cjan i c
groups. Addition of anLio ;- :id:n - Ls to th e i f a x il-le f1li~~
signi f i can t ly increases the lonqevit:y of tb-Pr fioxilji lity

at 200 °C .

ij~~~ c 1 ~ej~~rtJ~o._ 15 . “The Specific dent of Disordered

Antiferrornognetic chains: Poly (Metal Phosphinates).” T. S.
Wei , J. C. Scot t , A . F. Gdrito , A . J. Ucegar .  P . hannelli,
and II. D. Gillace , Dcc- nI or . 1975. AD — 2\020 183, l ianu--

script for Publication Po. 18.

The specific heat of some poly(chromir:u pliospitinatesh

and of their non— magnet- ic  analo~~t ’ c a , p o iy ( zi n c  phosph i n at on ) ,

have boon measured in t licc . temperature range 1. 6 -z~ T :~ lOX .

The vibration al contribution to the specific heat i~ con-

sistent  with the polyxieric nature of the matcrials, changing

• -~ ~~~ ~~~~~~~~~~~~~~~~~~~~~ 
~~ .~~~~~~~~

—:--- 
,~~~ . - .~~~~~~ 

. - - -, •. ,• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -~~~~~
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from T3 to ~5/2 ilcpan loncc as the t c - c u p a m a Lu r c  increases.

The magnet ic  spec i f i c h e a t  can then be c ’x l r act c x l  and is

found to be in qual i t at i vc  agreement  with a isoclel t h at

includes di sorder in the spin chains . h’c l ,a l i ov c  that thi a

is the f i rst  measurement  of the spec i f ic  heat of a dis-

ordered one—dimensional magnetic systcciu.

Technicr~l Peport- No. 16. “Inorganic Coordination r’olymcrs.

XIX . Ston e Effects of Jlvdrocorbon Side Groups on the

Structure and Proper t ies  of ~ in c ( i I ) , C o b al t( i I)  ,
ese (ii) , Nickel ( I I )  . and Coppcr (11) 13is (phosph inat es)

3 . L . Eichclhercjer and I-I , D . CilLicun . December , 1975 .
AD—A020 184. Manuscri pt  for Publication No. 22 .

The m et a l( I I )  diaik ylplcosph :inatcs 11[OPR 2O] 2 ~~ =

Co , N i .  Cu - Zn ;  R C C C II ., ) . , ,  Cl-I CU CH ) CN~, , CH (CJI ~~) (PT CI I CII , )2 2 ,. 2 2
have been investigated . The s t ruc tu re s  of idc - complexes

wi th straiglit-chinin R substituents vary for the different

n c  L a in  r ind j n c l  ude polymers wi th both octahedra1h:~ ari d

t e t r n ; i c e i c c -L i ’ coo;:dinated metal. centers • On the oThe~: iiand

the metal ( I I )  p1 asph i na-Los that  contain bulL y alLy l R

subst i tuont s  all appear to have i-he sin e s t r u c t u re -, which

contains te t raheciral ly  coordinated me ta l  centers  arid

symmetrically bn icig Lug 0,0’ phosphina [ci groups .

- :  Techn i c i~1 Nepnrt Nn 17. “Inorganic  Coordination Polymers .

XX . Z i r t c ( i I )  Phasphinate Pol~~acrs  and Copolymcrs Containing

Phenyl Sulfone Sid e  Groups. ” P . Nannel li , I-I . D . Gi llrnan ,
-
~~~~~~ H. G, Monsimer, and S. B. Advani. December , 1975 . i,D—7~O 2 I)

185 . Manuscript for Publication No. 23 .

The synthesis and characterization of a series of now

phosphiriic acids and. the z inc  polymers and copolymors pro—

pared from them are reported . These composit ions are char—

acterizod by the presence of phenyl sulfonc side groups.
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The zinc d c - - r L v a t i  yes ~-:~-r ~’ f oi ,nd to  be - ,
~~‘I [ne maid : ~h ie~~-:- - 1]y

stable t r act~ 1’ie u i e ( ; - - L : i l  pt : i i - L n a ,  Ic ’s )  yet: at  ~ c i i c - d ,

T c1cri i cuu 1 R :- c ~i t  ~~~~~~~~~ ‘ Sv -; t h t a - : : -  ~; , I> roj -e rL i c - c ;  and Stru c—-
tu r al  ~~ arac- L- :i~- :aL ~cnl of Lee. 1( 1  F)  Bi ( nh , c sy] !- i o-:p Ii -~ nate)
P b [ O P ( c 6II 5 )~~0] 2 ’ ” ~~~~ Co1~ t m - c r  t a , 1’ . L. U r i c ]  j , ~~~. 1). Baitzi ’a~er ,

and 11. D . Ci l imon . I )  : c s n } u - i :  , 975. i\m—b ()20 186. Nen u sc- t :Lpt
for PubiLcaL :i on No. 70 .

Pure- po] ‘micri c ~ [
~~ ~~~ 2 

hui i i  been ~- reaercd •, and

I 1-; s t ruc ture  has  bu en d o L c r : : i ia:d by id~rc~-:- —-d 1 i nc - - i r  -lona], C J f l g ie-

crystal  X—r a tOC k~~ cUSS . Th e com poun d e1~ ’~;ta11izes in t l i :

t r i cl i  nic sj  aoo q r e a n  P1 wit~ t~io formula un i  te: ‘in a cc’] I of
dimcnsions a l2 .1~~7 ( 5 ) ,  b = 10.937 ( 4 ) , c 8.695 ( 6 )  1.;
a = OG .40 (3), ~ = 105 .96 ( 4 ) , ‘

~ 91, 05 ( 5 ) ° ~ V = 1104 j 3 ;
d = 1 .93 q cm 3

. Leaet- - ; c;~~c c ’es r e f i n e ment  of 3 7 3 7caicd -

i t cdepcndc in t  r efl ec  - us h , ve a fi :-ial b fac tor  of 3 . ~~~ ‘rice
s t ruc ture  c - e c ; : P s  Lv - p ipi ca ic chains  of is- - :1 a Lo :c; l i i h  -ui
by dc-uhi1c- - -~ - ) c-nr Th L ate br:L c-i c~c-s - The coorciinatPo: a ‘se -~ed e: c-h
J cs: d a -tom can be- d: o J : c - ~ a~ a c l i s L o u t o c i  -Lrci c .x a] bi~ u’ -~~- i d

w~i th a lone iuli_r of eiectcons occupy ing  an eqr Lei: in sit e ,
F-Tciaa equa La- : L a !. and ~--:iaI PLc -0  ch i s ta rc --2 - : - ; a r c  2 .2 3 3  ( 6 )  and

• 2. ~35 ( 6 )  7 , r cs~-crtcveL~~. ‘~~io cor resnnndi  n~ 0- Ph~~O e n - q I n a
ar c 88.2 ) cc-id 167. 6 ( 2 ) ° . ‘ibis po’~

;cer \--n:; iou~:d to

cli nsocia~-c m so:L u Li arc , and i t s  in fr a i e d  se c-c t : r i r ;
that c l i anqea  :; ic the ;-a -d- - of ~ ordina Lion of  t h e  j -h io sph ina-Le
group:; tat e piace upon di asoluL :i  Ci t . Other - fo:o:~~s nc iuchnq
crysta l l ius  and ~‘eo:~j Thou s  I ;c ) ch i f i c c i L I on s  were found in the
solid s ta t e.

Tc;clin i cn ; r:-ror t N o , L 9 . “Inorganic  C o o r d i n a tion  Poi~m:ern .
XXI . f-T : in ~~, - c - : a ~ - ( I I )  , C~~~a l t ( 1 [ )  , b L c ~L a I  (I:i ) -

nn~i Zim-c(I1 ) 1-u s [ T i i v ( d - - - J h ; e c i y L :mincr n c- L T n - J ) j h< s i -h i n a t e s j

E f f e ct s  of Coorcl iin-ti iq S~~-e Groups. ” 3. L . F
and H. D. Gil lman . January , 1977 . ZtD —A035 0 ’7 . N anu—
script for Pub licat ion  No . 24 .

:~ ~~~~~~~~~~~~~~~~~~~~~~ L
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The ir t e t a l ( l  I) bi n i-i s(L—p hcny 1~ r d nc-; - : othy ] ) ; -h a ~;1~h i n t - s )

MIOP (Cu. N1~~’. o . ) 01 (--,:th !-c - On - ( ‘a , 01 , (2cc , a l :  Z n )  ] tv r -
2 U 2 2

been invosti c i a  Lad - ‘11cc- n:aI  i - i ~~c:c ’ :e , cob~ t and icC ci dec-i vii —

t ives all  h ave similar Lace Lie . cc V. i~ tic o cL ;- h i ai r a l l y  ceorci i no tel

niet:al c’ — - nt - ’r s , the copper d e n  v : t  ly e  i~; i ’ r ’b  d y  Lrt ~~C1(,)Ii l ly
di stort ed cstah c~dral , ctu ,l thr  z - c -cn n -c~(: i ye j  a Ia i:, :itec! r~d -

All of  thc:;c compounds conta’  r’ -n: cc : - c - r  i nating 5~c t i f l : -  groups
except. tine zinc ccanp l- -’: i n  ,-,‘hicTh no :1cc 110 groups (100151 ; ;iat.c -

Most like] v , all of  these cc : si~~ci~ con L i i  n sy~ -ce Lric ~: i y

bniciqinq 0,0’ phospinina -Le qroups . ‘fl~e I bc u: ii stab i lit

of t:hesci Ccccllp ie-XC- S are :icclbc-a J y  d fi e i  c c c  L from 0: cc ceo Lber

and app ear to be dcp-et ic i  cci L a:: th:e I i  i~~-d f i e ld  al :  b i ll  v a t i  an

energies hut noi: on L i t - c  c b c e ’a  c i  u - i  of 1:1cc arni ic: qr o - o p s

rj~eC1iflie:)i i-~cc :-c- c t Mu , 73 . “Inorqa : :  C- ocd: cca~ on P o h ” m e x n .

XX II , Chirc iur:  (:111) P - i s  ( 1-~ho- ~~~ cv: :~- ) LoJ ~: : c a : : Cc::

Sas e 0:cclan Ic Jcnions ‘ i-I • P - Gill  !: Cf l  cc: - !  P . Pan ìe-  ii -
any , ]_ 9 7 7 .  iiD—JiO 3L 00 . ~- T c r u - ; cn i u L  l a :~ P l : U i j c l i C n ì  Pa . 25 .

- 
‘ 

~~~ pj  cuec- a Li ce and c:nc:c- c c n t r :  -:z L~ on of a va:c- Let ’, ’ of
ckroc i u ’ ( I I F L )  L i v( p h : s u h i n a t e) poL ;- c ~~~~~~~~~~~~~~~~ ~~~~~~~~~ 2~ :-:
[~-~t th i c a R ’ =C , c and R CII~,, R’ ( } i r ; ia-Cl  ‘L ,, (ocil , c T I , 0)

cc) 3 3 c-i / 2 U. s
• 

- C0 .
C -~~~

‘
‘

oCrI
2
c~r2

NF12, c~ L c u d  
- - ] is

- - 

ClI() 
- 

C1-Ii~C1 I
- I
s 

-

rcpoctc-cl . Ibese aiho>Jdas, ~a he;. i (Ic’S , e t c h c-i rI a:- :y l.Cce ( 1 ( ) i \ ’~c --

t i ve s  were  prepared by the roacLi an 0:: t -- c11] c c o - - hj~ ( I l - - p h i o s —

ph ina to ) -1 e:cci cm ( I i  1) with -L ; -s e cju aop - lat e  a] cc~~n 1 or
(:e rbO5~’1iC acid in thin: presc:cc-:’ of eec c- ti - i 0 r i m e i n

The i:ain-::s W: -r C c ;~rc ai i P by is. ceting

Cr j i [0I ’icl-t ’ 0] with - ti- c: ( :fl~)5 c c c i  e ta  :iac .i n bcn :-ce-na .
OiIC~~~~~~L J

~~~~~~~
:-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _
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Those mct t :iv sic; ccc - : -  general  y cc u1:i a fl on q i t n i  C: sal vents

in ~-Th~~cn their  i c c -, ] e c o c l : o i -  ‘- ‘e~~
(
~ c c ia~ r~~: l i (j C I rost I d U o  t 0  1(1 .(,G3 .

In bo th L i e  solid c i t - c Lu and iii S c c i l l t i ( - l 1  ‘ ou -~~’ ;)oie- - :c - r n  nr c

hy c ir o l y ti ca l ly  stab] c- . Tno~ :: :)r o } : .r t i  C:; 5 1 1 1 1  05 cC

chro5fl urn ( r ~ I )  C c l c t  i .: hr. (P~- ‘U h a ’  d - f 1 e phoci ccin: ,to  br .j~~qa:;

as well as hr:i d q i i u i  ( L ) c j  roi~ :- ’- -

-It] 
- -Tc -c’ c e c c : l P- - c - - c r -  (~~ 1 , P !~ P StucTh c - n -  of t h e  l i n e a r  Cnein

Mec t ui ”I:s: Poiv (P e t al  l’l c - )sph ~ a Lc’ :~ ) , L . S. 5: ith . P. R.

Nc’\-.’c :cafl , A . J . }Irccqc- r , A . I’ . (~~~is. o . II . D . Gil lea n , and
P . ICu -cnccll i . Jon:: , 1977,  1~D— . p anc -— : c e  i u L  LOX

Pub ] i_ cat  ion Pa , 2(1 ,

~~ItC pacaim-:qr:c Li (2 eP i f t  cc -::! 1 i :1 OLin  of ti c. P

have b c - c u  rrcac: cirud for  ~i i c ’ l . I ~~’~~~c - - r - -1

Co [OP ( C U 0 ) ~~~ . Cui [OP ( ( S i
3

) ( c ’ ! v )  0] 10 , ~. : - - ‘i Cr ftc 
~~~ ‘; 3 ) —

(C 61-15 ) o~ 2 [~~ 
(C

8i~ l7~ 2
0] f o r  77~ :1 ‘~ ‘ ‘- 3 (pp jccc - cc ly -  i i ;  of Li t-

5- : ;  c e :  - ‘~ -l ia: c : ! c 1 ~ b a - - a 1- u : e t  - ~~ a :  1 :-U a ‘aLe T c  - u : - :1

su:- t:~ a~~Li Ly 7~ .~P d r -  a ve h u-c: foL  Lb -c ~ ~-- -r~~3ne c - i ) v - !

con~~L~~-:t Yc 4 :: 1(1 ( c c  . 1 r a - - i - e ; - 1 - -  ‘:er~ - ci- ~- r d  u’~~:-

cu lated hy~~- 1:1 Icc : con cct:::its for an e ! ( c c  1 - e l i  fl t ic -:  b : i 1 1 ~~L

3p orbitals ar c- usc-cl to shioc-’ b -c- pa: 1 : : , ; , ~ ~ : : - 1 c sb: f t  1:: soc

m a L ly  ~-o tr cu ccf -ir occid m a g n e t i c ’  ~~ c l n  (P  c m ’  c c -  ( -  -3 , 1,-:) 1- ’ I C c ’

p hosphorus 3s orbital. ‘l°he 1i. n:’c.iPths or these ;:- ~-r i  :~1s
are ap ac : ate ly ]~O On cc t room tufllr ) ’ r c c t t t  rc cci i -  I I) i~O dc- f l

sli Cb L~ y v- L i i i  dcc:rcas Lug Is p a t - - : c u r l  • ‘Cc ~~ ca-m p ; : r :m Li : rc-

d c c c  - ‘ cdt-ness of the i i  i e - i P L h ~ (a uS.  P i c c  ci C l u C ’ c  i

I :t :rit t (
~ 1 ~) far the cc: c-ci t oil Lr a i :~Ce~ - ci np. l cc O n e  n’ ’  i n

the pbiospico::us 3]) o)bitai.
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The structure of Cu[ OP (C4
) l~ ) 201 ~ 

in L i t  - c ;ul id ~;tata has

bean c3~- teri .:.i l- c-d by tllroe— cli. :neln: :011 c i  51  - - — - cryc; 1 ;, l x—n ay

techniques. Ph:. compoui-id C c  pa- I :~i]  i : ;  in  L h e  I - - c l i  h i _ C  cpacc-

group P1 wi Lii two fo ni n Lil  cc un:L i in  ci ( ‘2 1 1  ol: di  :c :r ycSiof ls

a = 1 2 . 2 4 5 ( d ) ,  in = 9.~ ccT~3(5), C 9,l 1b 9 (t) A; ci 101.10 (4),
-

~~ 
= l05. i~~(!4, 

•i- = 93.77 (4 ) 0
; V i J 1O . ’i =

l .25 g C;c~~
3 . i~ ce s t ru c t ur e  c-~~~ s u lv c -c . i Ia; tlic- ic:~~c a ,’ -~ a l:o:~ Loch—

ob oe . ni c d least  ago is.-s :r cc iPf lc : c cc , cc : t  aj v . - c cci P .1 ec_ :t a r  •~ J 0. OU1.

The st ::cictci a -a:cc: - a is  of po.ly i  - I ‘ ci c c c i c i . - of  CC’:) : ‘-r a tern s

iinbccd by doui,le ; - : m c c , i P c c n , ~ Lo h c~~~~1c ~~; _ j - j ci Pa  Lcion around

each coepc-) ~tLo:-c ( ‘Id )  be desCr) i ’’d as a \ ‘ccny f1~~t i : c cnnd  tou r ::—

hedron.  ‘IPa g t cy c :s .c: c c fo :- on c:fltcsJ : - i l l -
~ J 2 c’:ys LaThs ~-~ere cTh Len —

m m cd a’ l I P  11 ccn~ reuse froccl 2 . P7 to C. 3., c--i [11 tie-’ J -
~ uaj: -c ~‘cc 3 uc

1:: cc chi rcc ( ic’s n-~~~ :J y  j a~i i i : ; l it - i i :cas-d i i c i n i c c i  A O L ; : .  ‘.1 by Lice

ca p: - -c - n a ceec s i - n d  t h i s  I i  :succis. i’hcc c , ’,m:i c c  o rb i t  coc- P inic  cosr L:nt

su ;qne  t s cc- u—-i Pta: c~Ci -a 1 Lx inq a f ira-c I n ]  c~~P l  i-p _ a -cc ’ c’M,i  Ic-is  i_ri

t1i~ a p-~ ) I \5:- _ . ’
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