AD=AO4L 511

LINCL ASSIFTFD

PENNWALT CORP KING OF PRUSSIA PA RESEARCH AND DEVELO=-=ETC F/6 7/2 . N
THE SYNTHESIS AND CHARACTERIZATION OF THE POLY(METAL PHOSPHINAT==ETC(U)
JUN 77 B P BLOCKs H D GILLMAN, P NANNELLI NOOOIHPC-U::z




PR o SRR

SR SR S

ADA(G41511

OFFICE ©FK _NAVAL RESEARCH

Contra 00014—69~C—Dl2QT
Task No. NR 356-408

)

L—//Z/x‘.“lmm REDORT ,

15 October 1968 - 31 March 1977)

!
f

i :
\_/ THE SYNTHESIS AND CHARACTERIZATION OF THE
POLY (METAL PHOSPHINATES)

/
/

;/,' DY s
’~_/{7) B. P./Block, H. D./Gillman, and P.[Nannelli

Pennwalt Cornoration
Ceiitral Research and Development Department
King of Prussia, Penncylvania

-

/4 June 1977

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Approved for Public Release; Distribution Unlimited




UNCLASSTFIED

SECURI r\ CLASSIFICATION or THIS PAGE (when Data fntered)

> T T READ INSTRUCTION
REPORT DOCUMENTATION PAGE ,”,L”}((m,,,”\h,,w“
1. REPORT NUMOER 2. GOVY ACCESSION 2O 3. RECIPIENT'S CATALOG Nt Mi k. i
& TITLE (and Subtitle) S. TYPE OF REPORT & PFRIOD COVERED
' e o T : . . = : Final Report
THE SYNTHESIS AND CHARACTERIZATION 10/15/681— 3/31/77
W 1 D 1Y (ME b QP waQ
OF THE POLY (METAL PHOSPHINATES) e
7. AUTHOR(S) 8. CONTRACT CR GRANT NUMBER(S)
B. P. Block, H. D. Gillman, and N00014-69--C~0122
P. Nannelli i
9. PERFORMING ORGANIZATICN NAME AND ADDRESS 10. PROGRAM FLEMENT PROJECT, TASK
p&‘]hl'\’a] f C()1 ')OL aL1011 AREA & wWOFRR UNIT NUMBER$
900 First Avenue NR 356-408
King of Prussia, Pa. 19406 -
1. CONTROLL NG OFFICE NAME AND ADDRESS 12. REPORT DATE
Department of the Navy June 1977 —
Off;cc of Naval Research 3. NUMBER OF PAGES
Arlington, Virginia 22217 26
14, MONITORING AGENCY NAME & ADDRLESS(If different from Controlling Office) 15. SECUFRITY CLASS. (of this report)
Office of Naval Research G
: - UNCLASSIFIED
Chemistry Branch
Arlington, Virginia 22217 15a. DECLASCIFICATION DOWNGRADING
SCHEDULE
6. DISTRIDUTION SYATEWMENT (of this Report)
Available to the public from NTIS. No limitations on
distribution.
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different [rom Report) i
18. SUPPLEMENTAKRY NOTES
None
19. KEY #ORODS (Continue on reverse side il necessary and identify by bicck number)
Inorjanic polymers Phosphorus compounds
Coordination polymers Transition metal compounds
Poly (metal phosphinates) High temperature coatings
Chromium compounds Grease thickeners
Zinc compounds Metal-loaded laminates
20, AUSTIACT (Continue on reverse side if necessary and identify by bleck number) p
“A genecral investigation of the synthesis and characteriza-
tion of poly(metal phosphinates), which covorud a wide range
of materials including numerous metal centers and bridging phos-
phinate groups, resulted in a much more comprehensive undcr-
standing of them, permitting their develspment for a variely of
applications. Technical reports, publications, issued and
allowed patents, and oral presentations are tabulated. Daughter
contracts stemming from this fundamental program are also cited.
- ..
DO 505 1473 €oiTion OF 1 NOV 65 1S OBSOLETE

UNCLASSIFIED

SECURITY CLASSIFICATION OF ThiS PAGE (When linta Entered




et UNCTASS LR LED s

SECURITY CLASSIFICATION OF THIS PAGE(When Date Lntered)

Lr
i
g 4
1
}
.
;'
i
Fl
i-.’
E &
i l
( s
| |

! UNCLASSIFIED

SECURITY CLASSIFICATION Of TH'S PAGE(When Data Entered)

ki R I L T MR




Table of Contents

Page
Abstract iii
A. General Comments i
B. Summary of Technical Reports Issued 4
C. List of Publications 17
D. List of Patents 20
E. List of Oral Presentations 22
F. Daughter Contracts 25
& |
}
|
|
il
T L T
(1 ] whs Sectien
oL Dot! Baction .D
INATOUNCTS O
‘ - JUSTIFICATION v mnninnee
| el
, -

DI rRIELTION “r..-"x-:t:.‘ﬂ cenes

vl

VAL 0w S EGAL

—— —




-iii-

Abstract

A general investigation of the synthesis and character-
ization of poly(metal phosphinates), which covered a wide

range of materials including numerous metal centers and

bridging phosphinate groups, resulted in & much more com-
prehensive understanding of them, permitting their develop-

r 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 are also cited.




The Synthesis and Characterization of the
Poly(Metal Phosphinates)

A. General Comments

The purpose of the present investigation was to con-
tinte the investigation of the poly(metal phosphinates), a
unigque family of inorganic polymers first recognized during
our work on ONR Contract Nonr 2687(00), the forerunner of
ONR Contract N0OU014-69-C-0122, It has two broad goals,
(1) the development of a more complete understanding of the
chemistry and physical properties of the poly(metal phos-
phinates) and (2) the synthesis and characterization of new
poly (metal phosphinates) designed for a varicty of applica-

tions.

The structures and properties of the new metal phos-

phinates differ to a greater or lesser extent depending on

A the central metal, the side groups of the phosphinate, and
other ligands that may be present. In addition to further
studies with chromium(III), zinc(1I), cobalt(II), copper(II),
titanium(IV), zirconium(IV), and iron(II) and (III), work

was undertaken with manganese(II), nickel(II), molybdenum(II),
ruthenium(¥I), rhodium(II), hafnium(IV), tantalum(V), tung-

s | sten(II) and (VI), lead(II), europium(II), thorium(IV), and

f | uranium{VI). A variety of phosphinate groups was also

) studied, primarily as the zinc derivatives.

In a nunber of cases the phosphinate group does not
! function merely as a symmetrical bridge via 0,0' bonding,
and in particular there is evidence for bridges involving
unsymmetrical bonding in some poly(metal phosphinates).
Structural rearrangements have been observed for some poly-
(metal phosphinates) upon dissolution and/or upon melting,

Molecular weights of soluble poly{metal phosphinates) vary




over a wide range, corresponding to degrecs of polymeriza-
tion from two to several thousand, In some cases the
molecular weights are gquite sensitive to the type and
purity of the solvent, indicating that dissociation can

occur in solution.

The magnetic properties of selected poly(metal phos-
phinates) were investigated in a joint effort with physicists
at the University of Pennsylvania. The phosphinate groups
were found to provide a path for antiferrcmagnetic super-—
charge J/k~0-5K. An interesting result of this investigation
is the observation that disorder in the polymer plays an
important role in determining the magnetic properties,

limiting the range of spin correlation.

New poly(metal phosphinates) have been supplied for
investigation in application work sponsored by other agencies.
A number of very promising high temperature coatings based

on zinc and zirconium phosphinates have been developed for

the Air Force., These coatings have propertics superior to
those of current standards. Evaluation of some phosphinates
as plasma sprayed coatings is currently underway for the

Naval Air Development Center,

Recently it has been shown with Air Force support that
some zirconium phosphinates are excellent thickeners for a
number of high temperature fluids and convert them to prom-
ising greases. Both pyrolyzed and unpyrolyzed metal~loaded
laninates with good properties have been preparcd with ONR

and Air Force support,

The remainder of this report consists of compilations
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




k.
contract Nonr 2687(00). It is anticipated that work on
applications for poly(metal phospliinates) will continue at
Pennwalt,

1

i
!
1

N e o . T




B. Summary of Technical Reports Tssued

Technical Report No. 1. "Inorganic Coordination Polymers.

XI, A new Family of Chromium(III) Bis(phosphinate) Polymers,
[Cr(OH)(OPRR‘O)zlx." P. Nannelli, H, D. Gillman, and B. P.
Block. May, 1971. AD-724 768. Manuscript for Publication
No. ‘6.

Heating hydroxyaguochromium(III) bis(phosphinates) at
temperatures up to 200°C under vacuun yiclds the corres-

ponding anhydrous polymers [Cr (Oi) (OPRR'G) The infrared

2]x
and visible spectra and solution properties lecad to the
following conclusions. When R and R' are phenyl groups, the
hydroxyl groups appecar to bridge between adjacent chromium
atoms in the chain together with the phosphinate ligands to
yvield a linear, triple-bridged polymer, When at least one
substituent on the phosphorus is an alkyl group, some of the
hydroxyl groups crosslink bctween‘chains to yield less
soluble polymers, Comparison of the properties of these new
polymers with the parent polymers suggests that the latter
should be formulated [Cr(H2O)n(OH)(OPRR'O)z]X-pH2O 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 chromium(III) salt with alkali
metal phosphinates or of chromium(IIT) hydroxide with phos-

phinic acids in a water-tetrahydrofuran mixture.

Technical Report No. 2. "Inorganic Coordination Polymers.
XII, Chromiun(III) Tris(phosphinates)." P, Nannelli, B. P,
Block, J. P. King, A, J, Saraceno, 0. 5, Bprout, Jr., N, D,
Peschko, and G. H. Dahl. June, 1971. AD-763 691, Manu-
script for Publication No. 9.

Cohesive films of a series of chromium (III) tris-
(phosphinates) [Cr(OPRR'O)(OPR“I"'O)(OPR*R**O)]y in which

the side groups on the phosphorus are alkyl, phenyl, and/or




hydrogen groups have been prepared by reaction casting or
by hot pressing. The preparative reaction appezars to involve
conversion of an aguahydroxo or hydroxo chromium(III) bis-
(phosphinate) te an intermediate hvdroxo bis(phosphinate)
containing coordinated phosphinic acid followed by an intra-
chain reaction leading to the tris(phosphinate), Tensile
strengths of the chromium(III) tris(phosphinates) range from
100 to 5600 psi, elongations from less than 1 to 100%.
Thermogravimetric data indicate that major decomposition
occurs at temperatures from 200 to 435°C in air and from 410
to 510°C in nitrogen., Infrared spectra and physical prop-
exrties are interpreted to support a structure for the
chromium(III) tris(phosphinates) that is based on linear,

triple~bridged chains. The presence of octyl or other long }

alkyl side groups on the phosphorus improves the physical
properties, precumably by internal plasticization, but leads

to decrecased thermal stability,

Technical Report No., 3. "Inorganic Coordination Polymers.
XIII, Chromium(II1) Halo bis(phosphinates)." H,., D, Gillman,

dg. B, King, and B, P, Bilock, ~dunle, 1971 " AD-763 692.

Manuscript for Publication No, 10,

p-Halo-bis (p~phosphinato)~-chromiun(III) polymers,

[CrX(OPRR'O)z}n (with R=R'=C Hy, R=R'=CgH,., and R=CH, and
. '=CcHg: X=Cl, Br, and I), have been investigated. The chloro
| polymers were prepared by the reaction of anhydrous chromium(III)
chloride with the appropriate phcsphinic acid. The bromo and
iodo polymers were prepared by oxidizing chromium(II) phos-
phinates with bromnine and iodine, respectively. ‘The chloro
and bromo diphenylphosphinato polymers are soluble in common
organic solvents and have molecular weights corresponding to
degreces of polymerization of 10-12, They are hydrolytically
unstable, forming first an aguated halo speccies and eventually

the corresponding agua hydroxo polymer {Cr(HOO)p(OH)[OP~
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(C6H5)20]2}n'qH20. They are quite stable thermally and
exhibit initial weight loss at 360° and 310°, respectively,

by thermogravimetric analysis. The iodo polymer, on the
other hand, starts evolving iodine below 100°. The solubility
and visible and infrared spectra of these polymers indicate a
linear structure similar to that previously suggested for
H-hydroxo-bis (p-phosphinato)-chromium(III) polymers. In this

structure all three anions function as bridging groups.

Technical Report No, 4. "Phosphinylmethyl Derivatives.'
g P GRS Repa B land B PE B liocie s dune,, L9T7I1,
AD-763 693.

Diphenylphosphinylmethanol, methylphenylphosphinyl-
methanol, and dimethylphosphinylmethanol have been prepared
by fusion reactions of sodium acetate and the corresponding
P,P-disubstituted chloromethylphosphine oxide at elevated
temperatures followed by acid hydrolysis. The intermediate
phosphinylmethyl acetates have been isolated and character—
ized. Both infrared and hydrogen mar results show that there
is extensive intramolecular hydrogen bonding in these phos-

phinylmethanols.

Technical Report No, 5. "Various Phosphonitrilates of
Chromiwn(XIL),." J, P, King and B, P. Block, June, 1971,
AD-763 694,

A series of chelates of chromium(III)——Cr(OPPh?NPPh?O)3,
Cr(OPPh2NPPh2O)?(AcCHAc), and Cr(OPPhZNPPh?O)(AcCHAc)z--has
been synthesized and characterized by elemental analyses,

melting points, infrared spectra, and molecular weights. TGA

data show that the chromium(III) tris(phosphonitrilate) is
stable to 410° in air,
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Technical Report No, 6. "Four- and Six-Coordinate Cobalt(II)

Dioctyvlphosphinate." H. D, Gillman, June, 1972. AD-744 260.

Manuscript for Publication No, 7.

A new form of cobalti(Il) dioctylphosphinate (form II)
was prepared by the reaction of cobalt(II) chloride with
dioctylphosphinic acid in absolute ethanol. Visible and near
infrared spectra indicate that form 1T contains octahedrally
coordinated cobalt(II), whereas the previously reported form
(form I) contains tetrahedrally coordinated cobalt(II).

Form II is irreversibly converted to form I by heating above
68° or py dissolving it in nonpolar solvents. Infrared
spectra, X-ray powder patterns, and DSC thermograms for both
forms are presented and compared. This appears to be the
first example of a poly(metal phosphinate) that exists both

in four-~ and six~coordinate forms.

Technical Report No. 7. "Polymeric Chromium{(III) Bis(phos-

phinates) ." H. D. Gillman, P, Nannelli, and B. P, Block.

June, 1972, Ab-744 96l. Manuscript for Publication No., 21.

General procedures avoiding the use of chromium(II)
intermediates are presented for the synthesis of two types
of chromium(III) bis{phosphinate) polymers, [Cr(HZO)(OH)u
(OPRR'0) ,1 and [Cxr(CH) (OPRR'O) ]

ta
Technical Report No., 8. "Observations on Some Poly(metal
phosphinates)."” B. P. Block, H. D. Gillman, P, Nannelli,
and P, T. Grzymala. June, 1972, AD-744 962. Manuscript
of a paper presented at the 164th American Chemical Society

meeting, New York, N. Y., August, 1972.

Dioctylpliosphinates of the bivalent first-transition-
series clements from chromium through zinc have been prepared
and characterized. The variety of forms found is discussed.

Cobalt(1Il), iron(II), and manganese(Il) yield a form based on




octahedral centers that reqguires multiple sharing of some
individual phosphinate oxygens, Chronmium(If) and nickel (II)
may give similar derivatives. Uranyl phosphinates can be
divided into two groups based on solubility., The viscosity
and molecular weight data cbhtained for some of the soluble
species indicate that they are polymeric although their
solution behavior is not ideal. Infrared and Raman spectra
suggest that the uranyl oxygen atoms are net shared in the
soluble species and consequently that the bridging is via
phosphinate groups., It has proved possible to prepare
flexible, strong, crystalline films of the chromium tris-
(phosphiinate) Cr[OP(Cng)(CGHS)O}Z[OP(C8U17)ZO] reproducibly,
Brittle, amorphous films result, however, under certain

conditions. he differences in the filins are accounted for
on the basis of the plasticizing action of octyl groups

spaced in regular fashion aleng the backbone cf the polymer

in the flexible fomm.

Technical Report No. 9. "Inorganic Coordination Polymers,

XIV. Chromium(ITI) Phosphinate Perfluorocarboxyvlalte Polymers."
H. D. Gillman and P. Nannelli, Septembexr, 1973. AD~-766 837.

Manuscript for Publication No. 11.

A series of polymers, {Cr(OH)(OPRR'O)[OOC(CP?)nCF(CF3)7]}
has been prepared and studied. The polymers with {;RTxC6H5
are soluble in CC17FCC1F2, whereas those with RzCH3 and R'=

C_H. and with R=R’'=C are insoluble in all solvents. Attempts

A
65 €87
to prepare similar materials without hydroxyl groups gave the

< S { v 5 PER! C(CF - I i 59 423 r <
polymer _Cr(OII)_{( PRR O)R[OON,(\.I‘Z)HCF(CJ. 3)21(1};{ with 0 € r < 1,
The latter polymers are much more tractable than the former;
however, they are also less thermally stable. The perfluoro-
carboxylate groups in these materials can either be chelating

or bridging depending on the other ligands present.




rechnical Report No, 10, "Inorganic Coordination Polymers.
XV. Dioctylphosphinates of Chromiuvm(II), Manganese(II),
Iron(II), Nickel(II), and Copper(II)." H. D, Gillman,
November, 1973, AD-770 156, Manuscript for Publication
No. 12.

The dioctylphosphinates Cr[CP(C8H17)20]2, Mn[oOP-
(CgH, ) ,01,, Fe[oP(CyH, ,),0],, Ni[OP(C.H, -),0],, and
CU[OP(CBH)7)QO]2 have been prepared and characterized. In
the solid state all appear tec have octahedral or square
planar coordination around the metal, The nickel derivative
converts to a tetrahedral fcrm sbove its melting point,
whereas the copper and manganese derivatives change geometry
upon dissolution., The infrared spectra of these materials
in the PO

5 stretching region suggest that several different

types of metal phosphinate coordinate linkages are present,

"Inorganic Coordination Polymers.

XVI., Zinc(II) Phosphinate Polymers Containing Polyphenylene
and Poly(Phenylene Oxide) Side Groups." P, Nannelli, H, D.
Gillman, H., G. Monsimer, and S, B. Advani, April, 1974.

AD-780 465, Manuscript for Publication No, 13.

The synthesis and characterization of a series of new
phosphinic acids and the zinc polymers prepared from them
are reported, These compositions are characterized by the
presence of short polyphenylene and poly(phenvliene oxide)
chains as side groups. Soma of the zinc derivatives were
found to be tractable polymers with good thermal stability.
Technical Peport No. 12. "Inorganic Coordination Polymers.,

XVI1I. The Preparation and Properties of Tantalum(V) Di-
phenylphosphinates,”" H, D, Gillman., August, 1974. AD-783

946, Manuscript for Publication No. 17,
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Tantalum diphenylphosphinate alkoxides and coxides
were prepared with one, two, and three diphenylphosphinate
groups per tantalum. They were found to be low molecular
weight polymers in solution. The infrared spectra of the
tantalum diphenylphosphinate oxides indicate that the
phosphinate greups have predominately one mode of coordina-
tion (probably symmetrical bridging) in Ta!OP(C6H5)2O]—
0,°H,0, whereas in Te[OP(Cgl;) ,0] 203 /5" ¥H,0 and Ta[OP (C 1) ,0] A~
O'XH20 they have a variety of coordirnation modes. The
thermal stabilities of tantalum diphenylphosphinate dioxide
and tantalum bis(diphenylphosphinate) sesqguioxide were con-
siderably grecater than tantalum tris(diphenylphosphinate)

oxide,

Technical Repert No. 13. "The Effects of Structural Disorder

on One~Dimensicnal Antiferromagnetic Chains: Poly-Chromium-
Phoesphinates."” J, C. Scott, A. F. Garito, Hecger,

A. J.
P, Nannelli, and H. D, Gillman. December, 1974. AD/A-002

i
< 449, Manuscript for Publication No, 16.

» The magnetic properties of several poly(metal phos-

' phinates) have been measured, In particular ESR spectra

3 and the temperature dependence of the static susceptibility
y of three poly(chromium phosphinates) imply that these polymers
E; comprise a class of one-dimensional antiferromagnetic chains
.é with J/k ~ 4K and with a varying degree of crystallinity.
| Structural disorder is found to limit the range of spin
% correlations and, in the extreme case, prohibits extended
“f short-range order, The data are analvzed in terms of a modecl
? of chains cf constant exchange but finite length. Comparison
is made with an alternative model of infinite chains with
Heisenberg exchange J varying randomly about a mean, The
width of the distribution of J provides a direct measure of
the disorder in cach system,
b |
[
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Technical Report No, 14, "Inorganic Coordination Polymers,

XVIII. Observations on Brittle and Flexible Films of

ol " > > ) 2 T
{Cr[OP(CH3)(Cg”5)0]2[0P<C8H17)2O]}' P, Nannelli, H, D,
Gillman, and B. P, Block. May, 1975, AD-A010 554, Manu-

script for Publication No, 19,

Films of {Cr[op(cu3) (c6115)o]2[017(%1117)29]}x formed
during the reaction of fCr(0il) [Or(Cil,) (CGIIS)OJZ}Y with

2 s

dioctylphosphinic acid, are either brittle or flexible
depending con the details of the preparation of the chromium(III)
bis(phosphinate) precursor. Both kinds of film appear to
contain mainly triple-bridged chains. Differing degrees of
randomness in distribution of the two kinds of phosphinate
bridges and, hence, of the internally plasticizing octyl

groups along the chain acount for the observed differences

in flexibility, X-ray diffraction patterns, and birefringence,
The observed intrinsic viscosities of 9-18 dl/g probably
indicate that these tris(phosphinates) form microgels rather

than true solutions, The thermal dcgradation of these filus

proceeds by the oxidation and cleavage of the organic side
groups. Addition of antioxidants to the flexible films
significantly increases the longevity of their flexibility

at 200°cC,

Technical Report No. 15. "The Specific Heat of Disordered

Antiferromagnetic Chains: Poly(Metal Phosphinates)." T. S,
Wei, J. €, Scott, A, F, Garito, A, J. Heeger, P. Nannelli,
and H. D. Gillman, December, 1975, AD-A020 183, Manu-

script for Publication No. 18,

‘ ..

The specific heat of some poly(chromium phosphinates)
and of their non-magnetic analogues, poly(zinc phosphinates),
have been measured in the.temperature range 1.6 £ T & 10K,
The vibrational contributicn to the specific heat i< con-

sistent with the polymeric nature of the materials, changing
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from T to TS/ dependence as the temperature increases,
The magnetic specific heat can then be extracted and is
found to be in qualitative agreement with a model that
includes disorder in the spin chains. We believe that this
is the first measurement of the specific heat of a dis-

ordered one-dimensional magnetic system.

Technical Report Ho, 16. "Inorganic Coordination Polymers.

XIX. Steric Effects of Hydrocarbon Side Groups on the

Structure and Properties of Zinc(II), Cobalt(lI), Manqan~

ese(1I), Nickel(II), and Copper(II) Bis(phosphinate
Jd. L, Eichelberger and H, D, Gillman. December, 1975,
AD-A020 184, Manuscript for Publication No., 22,

s )
L=

The metal (II) dialkylphosphinates I[Orh, ]7 (% = Mn,
Co, Nij Cu, Zn: R = C(CHS)B’ C112CH?CH ("3, CH(CW ) cH C112CII )
have been investigated. The structures of the vomplpkca
i with straight-chain R substituents vary for the different
. metals and include polymers with both octahedrally and
tetrahedrally coordinated metal centers. On the other hand,
the metal(II) phosphinates that contain bulky alkyl R
substituents all appear to have the same structure, which
! contains tetrahedrally coordinated metal centers and

symmetrically bridging 0,0' phosphinate groups.

|
*: i Technical Report No, 17. "Inorganic Coordination Polymers,

! XX. 2Zinc(1I) Phosphinate Polymers and Copolymers Containing
Phenyl Sulfone Side Groups." P. Nannelli, H. D. Gillman,
_ H, G, Monsimer, and S. B. Advani. December, 1975, AD-A020
‘ f 185, Manuscript for Publication No. 23,

The synthesis and characterization of a series of new
phosphinic acids and the zinc polymers and copolymers pre-

pared from them are reported. These compositions are char-

acterized by the presence of phenyl sulfone side groups.
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The zinc derivatives were found to be among the most thermally

stable tractable poly(metal phosphinates) yet studied,

Technical Report No, 18, "Synthesis, Properties, and Struc-

tural Characterization of Lead(II) Bis(diphenylphosphinate),
Pb[OP(CGHS)DO]z.“ P. Colamarino, P, L. Orioli, W. D. Benzinger,
and H., D. CGillman. December, 1975. AD-A020 186, Manuscript

for Publication No. 20.

Pure polymeric Pb[OP(C(Hr)yo] has been prepared, and
LR -

2
its structure has been determined by three-dimensional single-
crystal X-ray techniques. The compound crystallizes in the
triclinic space group PT with two formula units in a cell of
dimensions a = 12.167 (5), b = 10,937 (4), c¢ = 8,695 (6)'l;
@ = 96.40 (3), P = 105.96 (4), y = 91,05 (5)°; V = 1104 1>;
d =1.93 ¢g cm—3. Least-~squares refinement of 3737
calcd % '
independent reflections gave a final R factor of 3.5%. The
structure consiste of polymeric ¢hains of lead atoms linked
by double-phosphinate bridges. The coordination around each
lead atom can be described as a distorted trigonal bipyramid
with a lone pair of electrons occupying an equatorial site,
Mean equatorial and axial Pb-~0 distances are 2.233 (6) and

o - -
2,435 (6) %, respectively. The corresponding O-Pb-0 angles

are 88,2 (2) and 167.6 (2)°. This polymer was found to
dissociatec in solution, and its infrared spectrum suggests
that changes in the mode of coordination of the phosphinate
groups take place upon dissolution. Other. forms including
crystalline and amorphous modifications were found in the

solid state.

Technical Report No, 19. "Inorganic Coordination Polymers.
XXI, Manganese(II), Cobalt(II), Nickel(IX), Copper(II),
and Zinc(Il) Bis[Bis(N-Phenylaminomethyl)phosphinates] .
Effects of Coordinating Side Groups." J. L. Eichelberger
and H, D, Gillman, Janvary, 1977, AD-A035 099, Manu-

script for Publication No. 24,
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The metal(II) bis[kis(N-phenylaminomethyl)phosphinates)
M[OP(CH,NHP H ) O] (with M = Mn, Co, Ni, Cu, and Zn) have
been 1ﬂvcct1(ated The manganese, cobalt, and nickel deriva-
tives all have similar structures with octahedrally coordinated
metal centers, the copper derivative is probably tetra rgonally
distorted octahedral., and the zinc derivative is tetrahedral.
All of these compounds contain some coordinating amine groups
except the zinc complex in which no amine groups coordinate,
Most likely, all of these compounds contain symmetrically
bridging 0,0' phosphinate groups. The thermal stabilities
of these complexes are markedly different from one another
and appear to be dependent on the ligand field stabilization
energies but not on the chelation of the amine groups,

Technical Report No., 20. "Inorganic Coordination Polymers,

XXIX. Chromium(TII) Bis(phosphinate) Polymers Containing
Some Organic Anions." H, D. Gillman and P, Nannelli, Janu-

ary, 1977, AD-RA035 100, Manuscript for Publication No. 25,

The preparation and characterization of a variety of

chromium(III) bhis(phosphinate) polymers ;Cr(T)[ODRm'Olzj

[with R=R'=C H; and R=CH,, R'=C/H.; L=0Ci,, (OCH2LH2O)O.S’
0 Py 2
e r s S JE R k
OCI1L, CH,NH,, L\ s L ; and 00 | NG ] is
e CHC 7 CHNC,H, ”

reported. These alkoxides, aryloxides, and carboxylate derivya-
tives were prepared by the reaction of p-chloro~bis(p-phos-
phinato)~-chromium(IIX) with the appropriate alcohol or
carboxylic acid in the presence of excess triethylamine in

THF. The imines were prepared by treating

5 with- the appropriate amine in benzene,

1
|




These materials are generally soluble in organic solvents

in which their molecular weights range from 1,600 to 10.600,

hydrolytically stable., Their properties suggest octahedral
chromium(III) centers bridged by double phosphinate bridges

as well as bridging (L) groups.

e : U et ; i i
Technical Report No., 21, " P NMR Studies of the Linear Chain

Magnets: Poly(Metal Phosphinates)." L. S. Smith, P. R, h

Newman, A. J. Heeger, A. F. CGarito, H, D, Gillman, and
P, Nannelli, June, 1977, AD-~ . Manuscript for

Publication No. 26,

~

The paramagnetic shift and linecwidth of t)'n.:"lP NMER
have been measured for three magnetic polymers
CC){OP(C/;IIQ)EO] 5 (& [OP((_?H.J) (c() rg)o] 20}1, and Crlop ((:1:3) -
(CGIIS)O]Z[OP(CisUl?)'AO] for 77K < T < 300K. Analysis of the

paramagnetic shift as a function of the static magnetic

susceptibility yields a value for the hyperfine coupling
A - -1 . 7 v
constant A ~ 4 x 10 cm . Previcusly measured and cal-

culated hyperfine constants for an electron in the 3s and

3p orbitals arc used to show the paramagnetic shift i
i

s due
mainly to transferred magnetic spin density (=0.1%) in the
phosphorus 3s orbital., The lincwidths of these materials
are approximately 10 Oe at room temperature and broaden
slightly with decreasing temperature., The temperature
dependences of the linewidths are used to deduce an upper
limit (< 1 %) for the amount of transferred spin density in

the phosphorus 3p orbital.

Technical Report No. 22. "Crystal Structure and Magnetic
Studies of Bis(u-Dibutylphosphinato)Copper{(II)." R. Cini,
P, Colamarino, P. L. Orioli, L., S. Smith, P, R. Newman,

H., D, Gillman, and P. Nannelli. June, 1977, AD- o




The structure of Cu[OP(C4H9)20]2 in the solid state has
been deternined by three-~dimensional single-crystal x-ray
technigues. The compound crystallizes in the triclinic space
group Pl with two formula unite in a cell of dimensions:
12.245(6), b = 9.863(5), ¢ = 9.819(5) A; a = 101.18 (4),
105.78(5), vy = 93.77(4) °; v = 1110.7 A°, a_ =

d
-3 - e m
.25 g cm . The structure was solved by the heavy-atom tech-

]

a

8 =

1l
il

= |

nigue, and least squares refinement gave an R factor of 0,061,

The structure consists of polymeric chains of copper atoms

linked by double phosphinate bridges. The coordination arcund
each copper atom can be described as a very flattened tetra-

hedron. The g tensoxrs for oriented single crystals were deter-
mined by ESR and range frowm 2.07 to 2.41, with the larger value
in a direction ncarxly normal to a mean plane formed by the
copper atoms and the ligands. ‘The spin orbit coupling constant

suggests considerable mixing of metal and ligand orbitals in

this polymer.

" e
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