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Introduction

In our search for tractable inorganic polymers suitable

for high temperature applications we have investigated a

variety of chromium(III) bis (phosphinate) polymers {cr (L)_

(oPRR ’o] 2} including those with (L) = hydroxide,2 halide, 3

acetylacetonate,4 and perfluorocarboxylate.5 These polymers,

which have inorganic backbones , contain octahedral chromiuzn(iII)

centers linked by phosphinate bridges, and in some cases

the ligands (L) also function as bridges.

OPRR’O r OPRR ’O

—OPRR’O — Cr — OPRR O — Cr —

1

The hydroxides, halides, and acetylacetonates have been

prepared pure; however, the perfluorocarboxylates always

contained less carboxy].ate than required for a 1:1 carboxylate

to chromium ratio. In addition, attempts to prepare the

Q picolinate6 polymers {cr(OP(C6H5)2O12(C5H4NCOO)}~ were

unsuccessful probably because of steric effects. Thus it

was of interest to extend these studies further and to pre—

pare chromium(IiI) bis (phosphinate) polymers with other

organic anionic ligands.
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Experimental Materials

The phosphinic acids, which were supplied by Rynes

Chemical Research (Durham, North Carolina 27704), were

purified by recrystallization from ethanol. The chromium(IiI)

polymers {Cr(OH) [OP(C6H5)2O12}~ 
and {cr(Ori) (OP(CH3)(C6H5)O]2}~

were prepared as previously described.2 Other chemicals and

solvents were reagent grade and were used without further

purification. The analytical results for the new polymers

prepared in this study are given in Table I.

{cr(ocH3) (Op (CH3) (C6H5)O] 2}x. A solution-suspension

of anhydrous CrC13 (4.025 g, 0.0254 mole) in 125 ml of

deaerated THF was prepared by shaking the components in the

presence of a trace of CrC12 under nitrogen. This suspension

was treated with (CR3) (C6H5)p(o)OH (7.931 g, 0.0508 mole)

and N(C2H5)3 (6.5 g, 0.064 mole) and then refluxed for 1 hr.

The suspension was allowed to cool to room temperature, -
treated with CR3OH (1.60 g, 0.05 mole) and N(C2H5)3
(3.0 g, 0.03 mole), and then refluxed for an additional hour.

The reaction mixture was filtered , and then the filtrate was

evaporated under nitrogen to dryness. The green residue was

dried for 3 hr. at 2000 under vacuum after which the product

weighed 9.4 g (94% yield).

{cr 2 (ocH2cH2ol r OP (C6H5) 2O14}~ . The same procedure was

used to treat 2.177 g of crCl3 (0 .01375 mole) in 150 ml of

mp, first with 6.000 g of (C6H5) 2P (O) OH (0.02 750 mole) and

rL - 
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3.18 g of N(C2H5)3 (0.0314 mole) and then with 2.0 g of HOCR2CH2OU

(0.032 mole) and 2.0 g of N(C2H5)3 (0.020 mole). Yield 94%.

{cr(ocii2ci~2Irn21 (OP(C6H5) 201 2}x• An analogous procedure

was followed starting with 3.191 g of anhydrous CrC13 (0.02015

mole) in 100 ml of TIfl?, 8.793 g of (ç6fl5)2P(O)Ofl (0.0403 mole)

and 5.0 g of N(C2H5)3 (0.049 mole), followed by 1.23 g of HOCH2CH2NH2
(0.020 mole) and 3.0 g of N(C 115)3 (0.030 mole). Yield 96%.2

9
{Cr[o2c

~c(~~ ][oP(c6H5) 2o] } . A similar procedurea 2 x

was used for the preparation of this polymer except that a

solution of N(C113)3 in THF was used instead of N(C2H5)3.

Thus 2.131 g of CrC].3 (0.01346 mole) in 150 ml of THF was treated

with 5.874 g of (C6H5)2
p(O)OH (0.02692 mole) arid 1.78 g of N(CH3)3

(0.030 mole) in 45 ml of ThF• After the solution was refluxed 0.5 hr, -
(
~-L2.586 g of HC)2

C_L..~3)_C—° (0.01346 mole) and 1.0 g of N(cH3) 3 (0.017

mole) were added and the solution was refluxed another 0.5 hr.
-
~~~ The workup was analogous to the previous experiments: however,

the residue was heated to 140° for several days to sublime

out (CH 3) 3NHc1 impurity. Yield 98%.

S 
{cr(ocIi3)[oP(c6115)2012}. After 2.758 g of CrC13

-

‘ 

. 
(1.742 mole) was dissolved in 100 ml of deaerated CH3OH (with

the aid of a trace of CrCl2 under nitrogen), a solution of

-~~~~~~~~~ 8.362 g of Na[0P (C6H5) 20J (0.0348 mole) in 80 ml of cH3Oa

I
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was added slowly under nitrogen, and the mixture was refluxed

3 hr. During this time a white precipitate formed. The solu—

tion was treated with 8.0 g of N(C 2H5) 3 (0.078 mole) , the solvent

was evaporated to 100 ml , and 400 ml of benzene was added. The

solvent was again evaporated to 100 ml, the suspension was allowed

to cool to room temperature, and the precipitate was then removed

by filtration. The filtrate was evaporated under nitrogen, and

the residue was dried for several hours under vacuum at 200° .

{Cr [011~j 3] [oP(c6115) 20]2}X. A solution containing 10.0 g

of {cr(oH)[oP(c6H5)2O]2}~ 
(0.020 mole) and 6.0 g of

(0.049 mole) in 500 ml of toluene was stirred at room tempera-

- 
I ture until the reagents had dissolved. The solvent was then

slowly distilled off and the residue dried at 150° overnight.

Yield. 92%.

Cr [oHc~~
3
~ 
] [op ccii~~ (C6H5)0] . A similar procedure

- 
2

using 5.0 g of {cr(oH)(OP (CH3) (C6H5)0]2}~ 
(0.0132 mole) and

.. OH
¶1 2.0 g of (0.0164 mole) in 500 ml of toluene and 10 ml. of

methanol was followed. This reaction mixture also contained

15 ml of 2,2—dimethoxy propane to insure dryness. Yield 97%.

{Cr [(C H )NC(H~~3] 
[OP(c113) (C6H5)0]}. A solution con-

tam ing ~.0 g of {Cr [c,~~ ~ j ~] [oP (c113) (c6115)o]} (0.0062

mole) and 1.0 g of C4H9NH2 (0.014 mole) in 250 ml of benzene

was refluxed for 2 hr . and then the solvent was distilled

of f. The residue was dried at 120° overnight.

—4 —
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{cr [C6H5NCH ]~~~~~~ 
[oP(cH3) (c6115)0]}. 

The same pro-

cedure was used with 3 0  g of {Cr [OH~~3] [oP(c113)(c6115)o]}

and 1.0 g of C6115NH2 (0.011 mole). The product was dried at

1500 overnight.

Elemental analyses were performed by standard methods in
— - the Pennwalt Analytical Department. Infrared spectra in the

4000-400 cm 1 region were recorded with a perkin-Elmer 337

grating spectrophotometer on either Nujol or hexachloro—

butadiene mulls between 1~~r d~~SkSe Visible spectra were

recorded as awl3 and THF solutions with a Perkin—Elmer 450

spectrophotometer. Intrinsic viscosities were determined

at 30.0 ~0.l°C with a Cannon—Ubbelobde dilution viscometer.

Molecular weight data were obtained at various cox~centrations

- - 

with a thermoelectric vapor pressure molecular weight appara—

tus.

-5-
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Table I. Analytical Results for {crL(oPnIvO]2}~

a MolecularAnalysis
L R R’ C, % H, % P, % Cr,% We~ght

I. OCR 3 Cu 3 C H 45.3 4.85 15.8 12.4 b
6 5 (45. 8 4.87 15.8 13. 2)

II. OCR3 C6H5 C6Hr 57. 3 4.67 12. 0 9.6 5,200

~ (58.0 4.48 12.0 10.1)

III. (OCH2CH2O) C6H5 C6H 58.3 4.61 12.0 9.4 10,600
0.5 - (58.2 4.29 12.0 10.1)

IV. OCH2CH2NH2 C6H5 c611 57.0 5.10 11.7 9.2 7,600
(57.2 4.80 11.3 9.5)

V. Cl!3 C6H5 51.9 4.51 13.1 10.6 1,700
CHO (52.2 4.38 12.8 10.8)

0
VI. C6H C~H 60.9 4.52 10.4 8.4 b

CR0 ~‘ ~ (61.3 4 .15 10. 2 8.6)

0
VII. Cl!3 C

6
H
5 

55.6 5.79 11 ,4 9.4 1,600
cHNc4H9 ( 55. 8 5.62 11.5 9.7)

VIII. Ot:~ HN(c H5) CR3 C
6
H
5 ( 58.1 

9.0 2 , 700

IX • o~~~~~jJ 
C02 

C6~ 5 C6H5 
~~~ ~~ ~~ 

7.34 b

a. Calculated values in parentheses . -

b. only partially soluble in cHC1
3.

c. Determined in chloroform. - 

_ _  
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Results and Discussion

It is apparent from the synthetic success of this study

that it is possible to incorporate a variety of organic

anions into chromium (iiI) bis(phosphinate) backbones. There-

fore, the difficulty encountered previously with incorporating

perfluorocarboxylate and picolinate groups into chromium (iii)

bis(phosphinate) chains may be characteristic of these species

although not necessarily limited to them.

The {cr[L] (OPRR’O)2}~ 
polymers prepared for this study are

generally soluble in organic solvents, and their nun~ber average

molecular weights in chloroform correspond to X values from

3 to over 20. The visible spectra of the alkoxyl and carboxy-
V 

late derivatives contain the two bands characteristic

of octahedral chromium(III). Only one band is observable

in the spectra of the aryloxy derivatives due to the presence

of a uv charge transfer band (415-388 mI-I) that overlaps the

other visible band. The positions of the visible bands

(645—580 and 458—450 mI.~) in these polymers are similar to

those found in other {cr[L] [OPRR’O1 2}~ 
systems.

26

In contrast to the chromium (III) bis(phosphinate) halides3

these polymers are stable in THF and CHC1 solutions, and no3
hydrolysis of the Cr-L bonds occurs even on boiling their

solutions in a moist atmosphere. The salicylaldehydes (V and VI)

are still reactive at the carbonyl centers as is shown by the

preparation of the imine derivatives (VII and VIII) , and the

anhydride portion of the trimellitic anhydride polymer IX was
‘.-

V 3
~
I

found to form amide bonds on reaction with amines.
V . .

— 7—
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These chromium(iiI) bis (phosphinate~ ) are similar to those

V studied previously such that they all are polymeric and contain

octhedral chromium (III) atoms.2’ 3 Thus the structure of the

chromiuxn(III) phosphinates prepared in this study probably also

consists for the most part of linear, triple bridged chains with

two phosphinate bridges and one (L) bridge between metal centers

V (1). The L bridges act as one atom bridge in the case of the

alkoxide and aryloxides and one or three atom bridges for the

carboxylate bridges. It is unlikely that the aryloxides are

chelating or crosslinking because only a very slight frequency

difference was observed for the C 0  and C=N infrared bands between

the coordinated and uncoordinated [L~J:~HO1 , [ 1I~~~ C6fl5)]

- and [ CHN(c4H9)] groups. Perhaps the most interesting

1 structure occurs for the glycol derivative III, the stoichiometry
of which suggests structure 2. 

-

I CR2 CR2V
7~O ~~~~~~~~ ~~~~~~~~~ O~~~~~~~

- -  
.
~ —OPR1~’0 Cr OPRR’O— Cr—

2 

~~~~~~OPRR’ O~~~ 
-

Space filling models show this unusual structure to be

plausible because the bridging phosphinate groups bring the

IV :. 

chromium atoms together in such a way that the glycol inethylene

groups do not interfere with the metal atoms they encircle.

Another structural possibility involves glycol groups

—8—
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bridging between chains but this is les~ likely because a

crosslinked polymer would result and it would be insoluble.

Ladder polymers are also possible, but the chances of forming

a ladder structure in this system without crosslinks is very

small.

Acknowledgement

This work was supported in part by the Office of Naval

Research and the Advanced Research Projects Agency.

-9-

_______________ — -V
~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
- References

1. part xx. P. Nannelli , H . B. Gillinan , H. G. Monsimer ,

and S. B. Advani, Makromol, Chem., ~~~~~ , 2607 (1976).

2. P. Nannelli, H. D. Gil].man, and B. P. Block, J. Polym.

Sci. Part A—l ,,~%, 3027 (1971).

3. H. D. Giliman, P. Nannelli, and B. P. Blqck, J. Inorg.

Nuci. chem ., ~~~~~~ , 4053 (1973).

4. B. P. Block, J. Simkin, and L. R. Ocone, J. M.~ Chem.

Soc., .?~,, 1749 (1962).

5. P. Nannelli and H. D. Giliman, J. Polym. Sci., Polym.

Chem. Ed., ~~~ 221 (1974).

6. A. J. Saraceno and B. P. Block, Inorg. them., ~~~, 864 (1963).

7. P. Nannelli , H. D. Gillman , H. G. Monsimer and S. B. Advani,

Makromol. Chem ., in press.

Ii

N V

—10—

__- ~V -V V

--



TECHNiCAL REPORT DISTRIBUTiON LIST

V No. Copies No. Copies

Office of Naval Research Defense Documentation Center
Arlington , Virginia 22217 Building 5, Cameron Station
Attn: Code 472 2 Alexandria , Virginia 22314 12

Office of Naval Research U. S. Army Research Office
Arlington , Virginia 22217 P. 0. Box 12211
Attn: Code 1021P 6 Research Triangle Park, N. C. 27709

Attn~ CRD-AA-IP
ONR Branch Office
536 S. Clark Street Commander

* Chicago, Illinois 60605 Naval Undersea Research & Development
Attn : Dr. George Sandoz 1 Center

San Diego, California 92132
ONR Branch Office Attn: Technical Library, Code 133
715 Broadway
New York, New York 10003 Naval Weapons Center
Attn : Scientific Dept. 1 China Lake, California 93555

Attn: Head , Chemistry Division
ONR Branch Office
1030 East Green Street Naval Civil Engineering Laboratory
Pasadena, Californ ia 91106 Por t Hueneme, Cal iforn ia 93041 

V

Attn: Dr. R. J. Marcus 1 Attn : Mr. W. S. Haynes

ONR Branch Office Professor 0. Heinz
760 Market Street, Rrn. 447 Department of Physics & Chemistry

- 
V San Francisco, California 94102 Naval Postgraduate School

Attn : Dr. P. A. Miller 1 Monterey , California 93940

ONR Branch Office Dr. A. L. Slafkosky
495 Summer Street Scientific Advisor
Boston , Massachusetts 02210 Commandant of the Marine Corps
Attn: Dr. L. H. Peebles 1 (Code RD—i)

Washington, D. C. 20380
Director, Naval Research Laboratory
Wash ington, D. C. 20390
Attn: Library, Code 2029 (ONRL) 6

Technical Info. Div. 1
Code 6100, 6170 1

The Asst. Secretary of the Navy (R&D)
Department of the Navy

~~ 
~~- Room 4E736 , Pen tagon

Washing ton , D. C. 20350 1

Commander, Naval Air Systems Command
Depar tmen t of the Navy —

Washington , D. C. 20360
F Attn: Code 310C (H. Rosenwasser) 1



r —~~~~~~~~-‘ —~~~ - - —~~ ~~——  —  -~—-------- *— —

TECHNICAL REPORT DISTRiBUTION LIST

V 
No. Copies No. Copies

Dr. T. C. Williams Dr. M. Good
Un-ion Carbide Corp. Department of Chemistry
Chemicals & Plastics University of Nov Orleans
Tarrytown Technical Center Lakefront
Tarrytown, New York 10591 1 New Orleans, Louisiana 70122

Dr. K. A. Reynard Douglas Aircraft Co.
Horizons Inc. 3855 Lakewood Boulevard
23800 Mercantile Road Long Beach, California 90846
Cleveland , Ohio 44122 1 Attn: Technical Library

Cl 290/36—84
Dr. A. C. MacDiarmid AUTO—Sutton
University of Pennsylvania
Department of Chemistry NASA—Levis Research Center

V Philadelphia , Pennsylvania 19174 1 21000 Brookpark Road
Cleveland , Ohio 44135

Dr. E. Hedaya Attn: Dr. T. T. Serafini, MS 49—1
Union Carbide Corp.
Corporate Research Laboratory Dr. J. Gri f f ith
Tarrytown Technical Center Naval Research Laboratory
Tarrytown, New York 10591 1 Chemistry Section, Code 6120

Washington, D. C. 20375
Dr. A. Rheingold
SUNY Plattsburg Dr. C. Goodman
Department of Chemistry Globe—Union Inc.
Plattsburg, New York 12901 1 5757 North Green Bay Avenue

Milwaukee , Wisconsin 53201
— Dr. C. Pittman

V University of Alabama Dr. E. Fischer , Code 2853
Department of Chemistry Naval Ship Research and Development
University, Alabama 35486 1 Center

Annapolis Division
Dr. H. Alicock Annapolis, Maryland 21402
Pennsylvania State University
University Park , Pennsylvania 16802 1 Dr. Martin H. Kaufman , Head V

Materials Research Branch (Code 4542)
Dr. H. Kenney Naval Weapons Center

- . 
- 

Case—Western University China Lake, California 93555
Department of Chemistry -

• Cleveland, Ohio 44106 1 Professor Lydia H. Frenzei

-f ~ University of New Orleans
Dr. R. Lenz Department of Chemistry
Department of Chemistry New Orleans, Louis iana 70122

r. - • University of Massachusetts
‘ Amherst, Massachusetts 01002 1-v


